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1.1.2
Allografts & Autogenous OsteoChondral Technologies
J. Farr 
Greenwood/United States of America

Introduction: Osteochondral grafts have been an important part 
of the clinician’s armamentarium when treating cartilage lesion for 
many years. The current issues are: identifying the best applications, 
refining the technique and optimizing the use of these tissues. While 
the algorithm for cartilage restoration will continue to evolve, there 
will remain overlap of the available applications with autograft and 
allograft continuing to play substantial roles. The amount of availa-
ble tissue for both autograft and allograft is limited, so creative solu-
tions for optimizing tissue use are essential. The specific techniques 
of harvest and insertion are increasingly refined. Thus, even these 
longstanding cartilage restoration techniques continue to evolve.

Content: The optimal application for autograft has changed over the 
years. Initially, the autograft option was popularized as osteochon-
dral autograft transfer system by Bobic and Morgan and mosaicplas-
ty by Hangody. The orthopedic industry continues to offer instru-
mentation to accomplish variations on a theme: OATS® osteochondral 
autograft transfer system (Arthrex, Naples FL) COR® chondral osse-
ous replacement (DePuySynthesMitek Sports Medicine Raynham, 
MA) Mosaicplasty® (Smith & Nephew plc London UK) Diamond 
TwInS® (Karl Storz GmbH & Co Tuttlingen, Germany) While the exqui-
site technical prowess of Hangody demonstrated that the harvest 
and implantation of many small plugs was possible in the hands of 
some, when other techniques are readily available, most surgeons 
now limit the use of OC autograft plugs to treat lesions less than 
2-2.5 cm² recognizing the potential morbity of the harvest site and 
the technical difficulty of multiple plug insertions. The most common 
applications would be 1 or 2 plugs 6-10 mm in diameter. Laboratory 
studies have demonstrated the importance of avoiding a proud graft 
that overloads the opposing joint surface or subsided grafts that do 
not functionally participate in load sharing with the lesion shoul-
ders. Likewise, clinical observations of chondral delamination or de-
gradation correlate with the laboratory studies showing chondro-
cyte death with moderate to high force impactions. The historical 
harvest site was the lateral margin of the distal trochlea, which was 
favored over intercondylar notch in light of the the smaller radius of 
curvature at the notch. As stress studies have shown lower loads on 
the medial distal trochlea that region would be especially useful in 
patients with some degree of lateral facet patellar discomfort or if 
the lesion was on the medial femoral condyle. For allograft, the size 
is obviously not limited physically. Nevertheless, Bugbee has shown 
that the more graft material implanted, the more likely the patient 
will become antibody positive and that antibody positive patients 
have a higher probability of failure than antibody negative patients 
(1). Related to this observation, is the trend to use less and less bone 
on the OC constructs—both to lessen the bone marrow “load”, 
which is thought to contain the immunologically reactive componen-
ts of the grafts and also to speed creeping substation as historically 
bone collapse was the most common historical cause of OCA graft 
failure (with thick bone). There are two main subcategories of OCA 
grafting: plug and shell. For plugs, each tissue bank who supplies 
the graft also supplies a system to create a socket and form the plug. 
The key in socket creation is to insert a guide pin perpendicular to 
the local tangent of the defect with the goal to ream to a depth of 
approximately 6 mm achieving similar wall depths north/south/east 
and west. If the bone is suboptimal/necrotic then that bone is remo-
ved and replaced with impacted cancellous autograft. A dilator is 
useful to expand the socket just before insertion to assure seating of 
the plug without impaction. Interference fit is usually adequate, but 
in marginal or uncontained lesions may supplement the stability. For 
very large lesions of the patellar or trochlea, as well as very posterior 
condylar lesions, a shell graft may be used. The cuts are similar to 
unicondylar arthroplasty cuts and countersunk antegrade absorba-
ble or metal retrograde screw fixation is necessary. While the use of 
allograft is quite flexible, the amount of tissue is finite—and waiting 
times for tissue can be lengthy. Thus, the search continues for ways 
to expand the number of grafts that can be obtained from a single 
donor and decrease the wait times. Four options are available as of 
this abstract: custom preshaped fresh stored, decellularized, frozen 
and cryopreserved. Fresh stored osteochondral allograft may be 
preshaped by the tissue bank into plugs of set dimensions. While 
plugs of 10 or 12 mm will not drastically mismatch local radius of 
curvature, plugs of over 15 mm will need to be classified by radius of 
curvature so as to optimize the local topologic match. It will likewise 
be important to use coring reamers/dilators that are approved by 
the supplying bank; otherwise, what may seem to be small mismat-
ches my lead to difficulty inserting/interference fixing. Chondrofix® 
(Zimmer® Warsaw, IN USA) is an osteochondral allograft that comes 

in preshaped plugs 10 lengths in diameters of 7, 9, 11 and 15mm. 
Chondrofix® Osteochondral Allograft does not have the issue of a 
waiting time as it is truly off-the-shelf. Chondrofix® is donated hu-
man tissue that is decellularized; that is, the hyaline cartilage and 
cancellous bone are delivered acellular but have mechanical proper-
ties that are similar to unprocessed osteochondral tissue. The graft 
undergoes a proprietary processing protocol, which includes lipid 
removal, viral inactivation with methylene blue photoactivation and 
terminal sterilization with low temperature low dose gamma irradia-
tion. Chondrofix® is currently available and being actively implanted 
in the US, noting there are no published clinical studies on this 
unique allograft application. Another acellular approach is frozen 
osteochondral allograft. The cartilage chondrocytes are not reliably 
viable upon thawing and thus the matrix is not well-maintained over 
time. After initial acceptable results, with longer term follow up the 
cartilage deteriorates to a variable degree as reported clinically and 
confirmed most recently by Pallante et al using a goat model in 2012 
(2). In an attempt to improve chondrocyte viability, cryopreservation 
was tried in the past by CryoLife®, Inc. (Atlanta GA) as reported by 
Davidson who was the lead investigator for the 2006 Multi-Center 
Evaluation of Clinical and Radiographic Outcomes of Distal Femoral 
Resurfacing with Cryopreserved Osteoarticular Allografts. That stu-
dy was subsequently cancelled without published reports. Continu-
ing the search for viable cryopreseved cartilage, Cartiform® (Osiris 
Therapeutics, Inc., Columbia, Maryland distributed by Arthrex, Nap-
les FL) has developed a new iteration of cryopreserved allograft car-
tilage. The cartilage is first prepared to approximately a 1.5 mm 
thickness and is perforated, which may further aid in the cryopreser-
vation process. The freezing sequences and the cryopreservatives 
are unique and allow approximately a 70% survival of chondroctyes 
upon thawing. It has a shelf life of two years when stored between 
–75° C and –85° C and thus is an “off the shelf (freezer) product. 
Additionally, the perforations (pores) allow outflow of cytokines and 
potentially chondrocytes, both of which may influence local pluripo-
tential cells noting that in current clinical applications, approximate-
ly 50% of defects, Cartiform® is used in conjunction with marrow 
stimulation. One published report of a patient at 9 months post ope-
ratively demonstrated good histology, clinical and MRI findings, 
which supports an earlier proprietary animal study (3). Cartilage Au-
tograft Implant Sytem (CAIS, DePuy Synthes, Mitek) completed a 
successful pilot study and was reported by Cole, Farr et al in AJSM 
2011 (4). However, in light of pivotal trial slow enrollment, return on 
investment considerations lead to the pivotal trial being stopped wi-
thout plans to revive it. Fortunately, Danish researchers (personal 
communication, Capser Foldager) have pursued the concept and will 
be reporting their results in the minipig animal model as well as ear-
ly human trial data later this year. The concept continues to have the 
promise of a cost efficient single stage cartilage treatment. Extrapo-
lating from the success of the CAIS pilot study, Yao proposed a simi-
lar approach to juvenile cartilage (more cellular and metabolically 
active that adult cartilage). Initial animal work demonstrated the 
potential success of implanting particulated juvenile allograft carti-
lage (PJAC) into defects. Applied in human cartilage lesions, fill was 
demonstrated per MRI by Bonner in a single patellar case and subse-
quently Farr et al in a multicenter case series with minimal 2 year 
follow up (5-6). Over 10,000 implants have been performed since 
introduction in 2007, but no randomized controlled trials are under-
way or planned. While autograft and allograft may seem like mature 
restorative options, it is obvious that continued improvements are 
underway.
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1.1.3
Bone Marrow Stimulation Procedures: ‘Alone’ and ‘Plus’
B. Cole, A.K. Tilton, N. Scalise 
Chicago/United States of America

Introduction: Since being introduced by Steadman in the 1980s, micro- 
fracture has emerged as the dominant marrow-stimulating procedu-
re for cartilage repair. This low-cost, single-stage procedure is per-
formed over 125,000 times per year to reduce pain and disability 
for patients. However, the inferior biochemical and biomechanical 
properties of the fibrocartilaginous repair tissue that results from 
microfracture have led to the use of augmentation strategies to 
improve outcomes. Recent advancements in biologics, such as Bi-
oCartilage, minced juvenile allograft cartilage (DeNovo NT), and cell 
infused matrices, result in improved tissue quality over microfrac-
ture alone.

Content: Microfracture is recommended for young, active patients 
with moderate symptoms and grade III or IV midsize lesions. Younger 
patients have a greater number of regeneration-promoting mesen-
chymal stem cells (MSCs) in their marrow and tend to have traumatic 
lesions surrounded by well-preserved cartilage, making them better 
candidates. Microfracture is particularly indicated in active patients 
with small (less than 2-3 cm2) lesions and moderate symptoms, or 
in less active patients with larger lesions and mild symptoms. In 
patients with defects>4 cm2 who may require future autologous 
chondrocyte implantation (ACI), microfracture should be avoided 
because of increased failure rates. Comorbidities such as meniscal 
deficiency, ligamentous instability, and malalignment or deformity 
should be adequately addressed and corrected prior to microfrac-
ture as they may require staged or concomitant surgical procedures. 
Willingness to comply with post-operative rehabilitation protocols 
is a necessary consideration when selecting microfracture patients 
because post-op rehab is a vital part of the procedure and recove-
ry. When performing microfracture, proper preparation of the defect 
with arthroscopic debridement is important. Unstable flaps should 
be sharply debrided to create vertical walls around the defect, and 
the calcified cartilage base of the defect should also be debrided. 
Removal of the calcified layer is necessary to optimize attachment 
of repair tissue and increase the surface area for underlying MSCs 
to access the lesion, ideally increasing the percentage of the defect 
that is filled. A well-shouldered defect is necessary to help carry the 
biomechanical load placed on the lesion. As an alternative to tra-
ditional microfracture, microfracture augmentation techniques that 
induce native hyaline cartilage growth offer the potential to improve 
the quality of tissue repair and long-term outcomes over microfrac-
ture alone. BioCartilage, for example, is a dehydrated micronized al-
lograft cartilage scaffold that is mixed into a paste with platelet-rich 
plasma (PRP). This creates a bioactive scaffold with the proper bio-
chemical makeup, including cartilage matrix proteins and collagen 
type II, to promote native cartilage growth. This technique can be 
performed as a single-stage procedure with instrumentation simi-
lar to microfracture. Post-operative recovery is an essential part of 
microfracture whether it is performed alone or with augmentation. 
The use of continuous passive motion (CPM) is recommended for 
6-8 hours a day for 4-6 weeks, starting on the day of surgery. Ho-
wever, CPM should be delayed for 2-3 days when an augmentation 
procedure is used to allow bone marrow elements to infiltrate the 
scaffold and form a stable clot. Patients with lesions of the femoral 
condyle or tibial plateau are typically kept on touch-down weight be-
aring for 6-8 weeks, while patients with defects of the patellofemoral 
compartment are braced in 30-40 degrees of flexion and allowed to 
weight bear immediately. Following microfracture, patients typical-
ly experience improvement in pain and function 6-12 months after 
surgery followed by 2-3 years of symptom relief, however, reported 
clinical outcomes are mixed. In a systematic review of clinical out-
comes and return to sport (RTS) after microfracture in 821 athletes, 
Mithoefer et al reported that RTS was achieved in 66% of patients at 
an average of 8 months post-operatively. Decreasing function was 
observed in 42% of patients after 2 to 5 years. Younger, competitive 

players with a defect size < 2 cm2, less than 1 year of symptoms, 
and fewer prior surgical interventions generally demonstrated a 
higher rate of RTS after microfracture. Of 41 National Basketball As-
sociation (NBA) players who had undergone microfracture, Harris 
et al reported 83% RTS within 9 +/- 5 months. Their career length 
was not significantly altered from that of their performance-mat-
ched controls; however, the microfracture group competed in fewer 
games per season and netted fewer points and steals per game than 
the control group. Published studies of microfracture augmentati-
on procedures are limited thus far. In a recent equine study com-
paring BioCartilage to microfracture alone, Fortier et al demonstra-
ted better repair-host integration, base integration and collagen 
type II 13 months post-operatively in chondral defects treated with 
BioCartilage compared to microfracture alone. While these results 
are positive, further clinical studies are necessary to evaluate the 
effectiveness of both microfracture and microfracture augmentation 
procedures for patients with focal chondral defects.
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1.1.4
Synthetic Osteochondral Scaffolds
A. Getgood 
London/Canada

Introduction: Hyaline cartilage is a composite structure made of 
both osseous and chondral components5. Between the transitions 
from hard to soft tissue, there is the calcified zone, which allows 
a gradual change in composition and therefore stress distribu-
tion across the material. As such the articular cartilage should be 
thought of as a triphasic structure, with unique biomechanical and 
biochemical properties to allow it to function optimally. Traditio-
nal cartilage restoration paradigms have focused on repair of the 
chondral surface with a number of strategies including marrow sti-
mulation or cell based treatment modalities, both of which have 
been augmented with scaffold technology. A greater understanding 
of the subchondral bone and its importance in the maintenance of 
joint function have led many researchers to produce biomaterial 
scaffolds that allow simultaneous repair of the subchondral bone 
and chondral surface8. The subsequent emergence of multiphasic 
scaffolds in the preclinical literature is extensive; however, only a 
small number have actually made it to market and are currently in 
use clinically. This paper will describe the biomaterial osteochondral 
scaffolds that are currently available for clinical use.

Content: Essential material properties The purpose of using bio-
material scaffolds in tissue engineered constructs are to mimic the 
3D environment of the extracellular matrix (ECM), provide structu-
ral support to the regenerate and surrounding tissues and provide 
an increased surface area to volume ratio for cellular migration, 
adhesion and differentiation13, 14. There are a number of essential 
requirements to be able to facilitate the above. They must be bio-
degradable, with non toxic by-products, and exhibit favorable re-
sorption kinetics so as to maintain initial structural stability; but its 
presence not hindering further tissue regeneration5. They must be 
able to fix to the defect site, facilitate cell attachment and regulate 
cell expression. Porosity and interconnectivity are important to al-
low cell migration and the passage of nutrients and waste products. 
A number of biomaterial options exist for application to articular car-
tilage tissue engineering, which can be broken down to natural and 
synthetic polymers. Natural material scaffolds have the benefit of 
providing a more native environment for cell adhesion and prolife-
ration. They can be further subdivided into protein-based matrices 
such as collagen and fibrin, and carbohydrate based matrices such 

as alginate, agarose, chitosan and hyaluronan. Synthetic material 
scaffolds have been used extensively in-vitro and in-vivo partly due 
to their acceptance by the FDA for their use as suture material over 
20 years ago. They include polylactic acid (PLA), poly glycolic acid 
(PGA) and their derivatives, for example poly(lactic-co-glycolic) 
acid (PLGA). They have been popular due to their easy moulding 
characteristics, relatively easy production and the ability to control 
dissolution and degradation. However, biocompatibility is their ma-
jor flaw. They are broken down by a hydrolytic reaction thus high 
concentrations of acidic by-products and particulates can be re-
leased causing inflammation, giant cell reactions and chondrocyte 
death due to a reduction in pH. They also do not possess natural 
sites for cell adhesion therefore these often need to be added. Pre-
viously available technology Trufit CB osteochondral plug (Smith & 
Nephew, San Antonio, Texas USA) - a biphasic synthetic plug made 
of poly-L-Lactide glycolide (PLG) which was supplemented with 
calcium sulphate. It was been designed as an ‘off the shelf’ osteo-
chondral scaffold for the treatment of small, isolated full thickness 
osteochondral defects. Although some favorable results were pu-
blished1, a number of studies found poor osseous integration cou-
pled with a long time to resorb resulting in suboptimal outcome3. A 
suggestion was that there might have been a relationship with the 
number of plugs and therefore the resultant amount of material pre-
sent in the joint. Chondromimetic (Tigenix) – a biphasic collagen/
glycosaminoglycan osteochondral scaffold that showed significant 
promise in preclinical large animal studies7. Its combination with bi-
ologic substrates was particularly appealing6. Early human studies 
showed promise however never made it to widespread distributi-
on. Currently available technology Currently there are no synthetic 
osteochondral scaffolds licensed for cartilage repair in the USA. A 
number of products are available in Europe including: Maioregen 
(Finceramica, Italy) – a triphasic type I equine collagen osteochon-
dral scaffold enriched with 2 lower layers of magnesium enriched 
hydroxyl appetite forming a structures to mimic the tidemark and 
subchondral bone. A number of studies have reported good results 
utilizing the scaffold for traumatic and degenerative osteochondral 
lesions and osteochondritis dissecans4, 9, 11. However, a more recent 
study has shown inferior results in a series of 10 patients treated 
with the scaffold, with 8/10 patients demonstrating poor bone fil-
ling of the defect on CT/MRI at 2.5 years post implantation2. Agili C 
(Cartiheal, Israel) – Made of coralline aragonite, this relatively new 
biphasic osteochondral scaffold has shown promise in a caprine os-
teochondral defect model12. Channels drilled in the chondral layer 
and impregnation with hyaluronic acid resulted in excellent repair 
tissue with hyaline cartilage characteristics, as judged by the ICRS 
II and O’Driscoll scores. Post marketing surveillance clinical studies 
are ongoing with only case reports published thus far10. Osseofit 
(Kensey Nash, USA) – Another collagen based osteochondral scaf-
fold reinforced with polymer and ceramic giving it excellent material 
handling and biomechanical properties at implantation. Indications 
The indications for the use of an off the shelf osteochondral scaffold 
should include a symptomatic chondral or osteochondral defect. 
Depending on the material properties of the chosen scaffold, a well-
shouldered lesion is ideal so that edge loading can occur around the 
defect therefore the scaffold does not take the majority of the load. 
Abnormal signal in the subchondral bone, or a revision cartilage re-
storation procedure in which the subchondral bone is highly abnor-
mal, may be another indication for use of an osteochondral scaffold. 
As with all articular cartilage repair procedures, attention should be 
paid to malalignment, instability and meniscus deficiency. Conclusi-
on A significant number of osteochondral scaffolds have been tested 
in preclinical studies yet have not made it through to market. If deve-
loping this type of technology, it is vital that consideration is given 
to the regulatory process and an appreciation of the mechanical and 
material properties required to support cartilage repair. With a gre-
ater understanding of the importance of the subchondral bone, it is 
likely that more osteochondral scaffold technologies will be develo-
ped aiming to optimize the reconstitution of the osteochondral unit.
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1.1.5
Stem Cells in Cartilage Repair & in OA
E. Kon, F. Perdisa, G. Filardo, M. Marcacci 
Bologna/Italy

Introduction: Articular cartilage lesions are a debilitating disease 
resulting in fibrillation and subsequent degradation which can also 
involve the subchondral bone and lead to the development of os-
teoarthritis (OA). One limiting factor in the repair of these defects 
is the well-known low intrinsic regeneration potential of cartilage, 
which might be due to the difficulty encountered by progenitor cells 
from the blood, bone marrow, or even other compartments in ente-
ring the defect and the inability of resident articular chondrocytes 
that are entrapped within the surrounding matrix to migrate into 
the lesion to secrete a reparative matrix. Among the treatment stra-
tegies for cartilage regeneration, mesenchymal stem cells (MSCs) 
are emerging as a powerful tool for cartilage repair, thanks to their 
marked ability to differentiate into a variety of connective tissues 
including cartilage, bone, fat, tendon, ligament, marrow stroma, and 
others.

Content: The regenerative effects of MSCs are due to their structural 
contribution to tissue repair and their immunomodulatory and anti-

inflammatory action, through direct cell–cell interaction or secretion 
of bioactive factors. MSCs were first identified by Friedenstein et al. 
in 1966 in bone marrow (BMSCs). Subsequently, in 1970, Caplan’s 
group provided the first evidence of chondrogenic, osteogenic, and 
muscular differentiation potential of these cells and introduced the 
term ‘mesenchymal stem cells’’ in the early 1990s. Wakitani et al. 
first showed the efficacy of autologous MSC implantation in rab-
bit osteochondral defect healing, and finally, in 2001 Quarto et al. 
described the first successful clinical application of cultured MSCs 
by focusing on bone healing in humans. Nowadays, MSCs can be 
isolated from human sources other than the bone marrow, such as 
adipose tissue, umbilical cord blood, synovial membrane, synovial 
fluid, periosteum, dermis, trabecular bone, infrapatellar fat pad, and 
muscle, with similar phenotypic characteristics but different propen-
sities in proliferation and differentiation potentials. Numerous stu-
dies have described the success of different MSC application moda-
lities, through injection or scaffold implantation, involving different 
biomaterials and sometimes combined with growth or transcription 
factors, hyaluronic acid, or magnetic devices. Some researchers 
have investigated the possibility of redifferentiating MSCs into the 
chondrogenic lineage before implantation to provide better targeted 
tissue regeneration. More recently has been proposed that the main 
activity of MSCs for the treatment of degenerated cartilage might 
consists of their activity of molecular signaling, able to improve the 
proliferation of resident progenitors and to contrast the inflammato-
ry processes in the affected joints, through their immunomodulatory 
properties. However, the optimal strategy has not yet been identi-
fied. Despite the increasing number of papers published, the know-
ledge about this topic is still preliminary. However, the available 
evidence suggests a potential for these cell-based treatments to be 
developed in many directions, with different available cell sources, 
the possibility to use them concentrated or expand them in vitro, to 
apply them as a simple minimally invasive injective approach, or to 
be delivered surgically, alone or augmented with growth factors or 
scaffolds, and many other improvements are being developed.
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1.1.6
PRP in Cartilage Repair & in OA
L. Fortier1, B. Cole2 
1Ithaca/United States of America, 2Chicago/United States of America

Introduction: There are several definitions of platelet rich plasma 
(PRP) for use in musculoskeletal injuries. At a minimum, PRP can be 
defined as an increase in platelets compared to a baseline sample 
of venous blood. There remains intense interest in the investigation 
and use of PRP for the treatment of articular cartilage defects and 
osteoarthritis. Several paradigms exist pertaining to the substance 
and implementation of PRP and questions remain unanswered in 
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the quest to optimize PRP for disease-specific states. Initially when 
PRP was utilized for clinical purposes, emphasis on platelet concen-
tration and maximal growth factor release dominated the industry 
as a “more is better” paradigm. However, several studies examining 
the treatment of cartilage, tendon, and meniscus pathology with 
PRP have proven that not only is “more not better”, but excessive 
platelet concentration may lead to down regulation of gene expres-
sion typically associated with tissue regeneration.

Content: Contemporary thinking about PRP includes a particular 
focus on the presence of leukocytes, and more specifically neutro-
phils. Neutrophils release active catabolic cytokines, and increased 
concentration of neutrophils is associated with loss of normal colla-
gen and suboptimal clinical results. Platelet and leukocyte number 
remain the most common areas of consideration as it relates to 
outcomes, but it should be remembered that there are numerous 
bioactive molecules in PRP and orthobiologics in general. The pre-
vailing mechanism of action for PRP is anabolic growth factors con-
tained in the alpha granules of platelets. These growth factors are 
thought to induce the regeneration of cartilage or tendon. While the-
re is some evidence for this, especially in vitro, it is also known that 
PRP acts to decrease pain and increase synthesis of hyaluronan by 
synoviocytes, Clinically and biochemically, PRP helps to restore the 
joint’s environment to a more normal state with associated reduc-
tions in pain and improvements in activity. Additional regenerative 
properties of PRP such as the ability of PRP to stimulate chemota-
xis or directed migration, and chemokinesis or rate of migration of 
mesenchymal stem cells is becoming an area of research interest. 
More recently, patient-outcome studies with more granular stratifi-
cation have documented that PRP does not work for every patient. 
Several studies have shown that patients with advanced arthritis do 
not respond well to PRP, but further data stratification is required to 
better understand the nuances of these findings. For example, im-
proved classification of the timing of disease onset and the severity 
of pathology as they relate to patient reported outcome measures 
is needed. Equally important is the responsibility of investigators to 
quantify and report the composition of PRP administered to the pati-
ent at the time of treatment. Biologics such as PRP are not regulated 
as drugs or devices and the type of PRP generated from a patient will 
vary within and between days. Determining the optimal composition 
of PRP and patient profiles that predict responsiveness to treatment 
continue to be areas of research interest. 
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1.2.1
Human MSCs Do Not Make Articular Cartilage
R.A. Somoza1, D. Correa1, I. Labat2, H. Sternberg2, M.D. West2, 
P. Tesar1, A. Caplan1 
1Cleveland/United States of America, 2Alameda/United States of 
America

Introduction: Mesenchymal stem cells (MSC) are at the forefront as 
therapeutic tools for regenerative medicine applications. During the 
last decade, the description of their medicinal properties involving 
trophic and immunomodulatory activities has been added to the ori-
ginal multipotential capacity of adult MSCs which can be exploited 
for tissue engineering purposes.

Content: Mesenchymal stem cells (MSC) are at the forefront as the-
rapeutic tools for regenerative medicine applications. During the 
last decade, the description of their medicinal properties involving 
trophic and immunomodulatory activities has been added to the 
original multipotential capacity of adult MSCs which can be exploi-
ted for tissue engineering purposes. However, their usefulness as 
tissue engineered replacement units for tissue repair-regeneration 

has been de-emphasized, despite their well-established chondroge-
nic potential. This differentiation capacity, which serves as the con-
ceptual basis for several clinical treatments for articular cartilage 
defects, ultimately results in cartilage-like structures quite different 
from the native articular cartilage in a number of parameters. Realis-
tically, we are still far from developing efficient therapeutic clinical 
applications for the regeneration of hyaline articular cartilage with 
human MSCs. In this regard, two questions arise: first, are MSCs in-
trinsically restricted from differentiating into hyaline articular carti-
lage-producing chondrocytes? Second, if MSCs can form proper car-
tilage, have we not optimized the micro-environmental conditions 
required for MSCs to differentiate into a suitable chondrocytic phe-
notype, both in vitro and within the postnatal articular cartilage tis-
sue in vivo milieu? What is clear from the current evidence is that we 
are in need of changing the differentiation inductive approach into 
one that is more developmentally oriented. This new approach im-
plies that both the dynamics of the differentiation program and the 
initial receptivity of cells are taken into consideration. To accomplish 
this, we need to improve our understanding of, first, the complex 
multi-step lineage process involved in hyaline articular cartilage de-
velopment, and second, the distinctive cellular and molecular signa-
tures specific for both the initial and the resultant formed tissue. In 
the present work, we address these issues by interrogating, at the 
molecular level, human neonatal articular cartilage which had been 
dissected from the knees of a 1 month old cadaveric specimen and 
in vitro formed, adult human marrow MSC-derived cartilage struc-
tures with the aim of identifying specific transcriptional regulatory 
elements and proteins differentially expressed.

Using microarray analysis, we found that the transcriptome of neo-
natal articular cartilage (1 month old knee cartilage) was globally di-
stinct from cartilage-like tissue formed by adult marrow MSCs in vi-
tro (based on hierarchical clustering analysis). We specifically found 
over 500 genes highly expressed in neonatal articular cartilage in 
vivo that are not expressed at any time point during in vitro MSC 
chondrogenesis. The analysis also showed that differences are less 
variant between neonatal articular cartilage transcriptional profile 
and MSC-derived cartilage during initial stages (first 7 days) of the 
chondrogenic differentiation program. This evidence suggests that 
the osteochondral fate of MSC-derived cartilage may be re-routed 
during earlier stages of the in vitro chondrogenic differentiation 
program. Additionally, gene expression clustering analysis also in-
cluded several other neonatal articular tissues (i.e. meniscus, syno-
vial membrane, tendon, among others). This allowed us to perform 
a comprehensive identification of differentially regulated genes 
across these tissues and compare them with in vitro MSC-derived 
cartilage structures. Based on this analysis, we also identified in 
neonatal cartilage, several key molecular differences (transcrip-
tion factors and cartilage-related proteins) that will be useful as 
molecular inductors and identifiers of the in vivo articular cartilage 
phenotype. These results will enable a clear molecular roadmap to 
generate true hyaline cartilage from a variety of stem cell and repro-
gramming technologies. In addition, they will be extremely valuable 
in setting the readout to generate robust hyaline articular cartilage 
phenotypes after successful multifactor lineage progression follow-
ing temporal and molecular induction. This will allow a consistent 
method to identify the articular cartilage phenotypes during lineage 
progression in vitro. We expect that these results will provide suffi-
cient output data to help develop the new technology required to 
fulfill the expectations that adult human marrow MSCs can be used 
in culture to form a chondrogenic tissue with properties optimized to 
regenerate hyaline articular cartilage in situ.

1.2.2
Growth Factors Intrinsic to Cartilage Repair
S. Chubinskaya1, C. Pascall Garrido2 
1Chicago/United States of America, 2Denver/United States of America

Introduction: Joint injuries are common, especially among young 
adults of age 18-44 years old. They are accompanied by a cascade of 
events that increase the risk of early osteoarthritis or post-traumatic 
osteoarthritis (PTOA). If initial catabolic events that may lead to the 
formation of OA-like focal cartilage lesions left untreated, they have 
a tendency to expand and progress to fully-developed disease. The 
ideal therapy for PTOA must be mechanism-based and target multi-
ple anabolic and catabolic pathways (1).

Content: One of the most developed directions in biologic ap-
proaches to PTOA is the use of growth factors to stimulate produc-
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tion of cartilage matrix and induce pro-anabolic responses. Amongst 
the mainly studied in vitro and in vivo growth factors are the mem-
bers of the Transforming Growth Factor-β (TGF- β) superfamily, es-
pecially bone morphogenetic proteins (BMPs), Fibroblast Growth 
Factors (FGF)-2 and 18, and Insulin-Like Growth Factor-1 (IGF-1). 
BMP-2 and BMP-7 appear to be extremely potent in cartilage and 
bone repair; yet their clinical application currently seems to be hin-
dered. BMP-7, also known as osteogenic protein-1 (OP-1), has been 
studied most extensively in vitro in our laboratory using human car-
tilage (reviewed in 2,3) as well as in OA and PTOA animal models 
(3,4). The results suggest that for adult articular cartilage BMP-7 
may be the best candidate so far as a disease-modifying OA and 
even PTOA drug due to its pro-anabolic and anti-catabolic proper-
ties. Unlike TGF-β and other BMPs, BMP-7 up-regulates chondrocyte 
metabolism and protein synthesis without uncontrolled cell prolife-
ration and osteophyte formation. BMP-7 prevents chondrocyte cata-
bolism induced by pro-inflammatory mediators and acts in synergy 
with growth factors, like IGF-1. It also modulates other growth fac-
tors and their signaling pathways (5,6). In terms of IGF-1, BMP-7 re-
stores the responsiveness of human chondrocytes to IGF-1 lost with 
ageing through the regulation of IGF-1and its signaling machinery 
(2). BMP-7 has been also extensively studied in various PTOA animal 
models, in which it regenerated articular cartilage, increased repair 
tissue formation and improved integrative repair between new car-
tilage and the surrounding articular surface. In the impaction model 
(7), a window of opportunity for BMP-7 treatment has been iden-
tified. Phase I OA clinical study produced very encouraging results 
by showing tolerability to the treatment, absence of toxic response, 
and a greater symptomatic improvement in patients that received a 
single injection of BMP-7 (8); however, the results of Phase II clinical 
trial have not been made public yet. Tissue Gen. Inc has recently de-
veloped TG-C (cartilage), which consists of allogeneic chondrocytes 
cells that have been genetically modified to produce the therapeu-
tic growth factor (TGB1). At the moment there is a Phase II study in 
the US being conducted for the treatment of knee OA with the use 
of this product (@clinical trials.gov/NCT 01221441). Members of the 
FGF family, FGF-2 and 18, have been also tested as potential disease 
modifying drugs. There is no consensus on the role of FGF-2 in car-
tilage homeostasis and responses greatly depend on the cell type, 
species and experimental model. Though FGF-2 can stimulate carti-
lage reparative responses, its potent mitogenic effects may lead to 
chondrocyte cluster formation resulting in poor extracellular matrix 
organization (9). FGF-18 appears to be a more attractive choice as 
pro-anabolic agent in PTOA (6, 10). It has been shown to induce ana-
bolic effects in chondrocytes and chondroprogenitor cells and to sti-
mulate cell proliferation and type II collagen production (11). At this 
point only two growth factors, FGF-18 and BMP-7, have been tested 
for cartilage repair in phase I clinical studies in patients with esta-
blished OA. A clinical trial with FGF-18 on patients with PTOA is com-
pleted, however results are not available as of yet. In considering 
growth factor therapy, there are a number of issues that need to be 
taken into account: choice of the growth factor, its formulation and 
dose, carriers and scaffolds, delivery methods (local via injections vs 
systemic vs gene delivery), time of intervention, and of course, pos-
sible adverse effects. Another important issue is that growth factors 
are expressed endogenously and production of many of them is ele-
vated in response to injury. Therefore, their autocrine levels have to 
be considered in determining the dose and timing of growth factors 
administration. Platelet-rich plasma as another source of growth 
factors The therapeutic use of autologous platelet-rich plasma (PRP) 
constitutes a relatively new biotechnology (12), which efficiency lies 
in the local and continuous delivery of a wide range of growth factors 
and proteins, mimicking the needs of the physiological wound hea-
ling and reparative tissue processes. Chondrocytes and Mesenchi-
mal Stem Cells exposed to PRP both have increased cell proliferation 
and cartilage extracellular matrix synthesis (PGs and collagen type 
II) compared with controls (13. Synoviocytes from patients with OA 
cultured in PRP demonstrated increased hyaluronic acid (HA) pro-
duction and secretion, suggesting that PRP could potentially serve 
as an endogenous source of chondroprotection and joint lubrication 
after intra-articular application (14). However, clinical results on the 
application of PRP on cartilage regeneration have been controver-
sial. The use of PRP for cartilage repair continues to expand, yet, 
still critical clinical questions remain to be answered: the optimal 
PRP formulation, standardization of its preparations, dosing, timing 
and the number of injections, efficacy, long-term effect, appropriate 
patients, and many others. Conclusion One of the fundamental que-
stions in PTOA therapy is when and which agents have an indication 
for patients with PTOA and whether principally new treatments have 
to be considered. Translation of accumulated basic knowledge on 
growth factors into the clinic and the development of appropriate ef-
fective formulations and delivery modes which can be administered 
within the window of opportunity still remains a challenging task.
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1.2.3
Overview of Cartilage Scaffold Materials
M. Brittberg 
Kungsbacka/Sweden

Introduction: The idea behind a cartilage tissue engineering ap-
proach is to generate new functional replacement cartilage tissue 
by seeding living chondrogeneic cells onto or into an appropriate 
configured scaffold. To increase the repair cartilage tissue quality, 
stimulation can be achieved by adding bioactive factors. The poor 
repair capacity of articular cartilage after injury has led to many at-
tempts to improve the repair of injured articular cartilage surfaces 
during the last 50 years.

Content: The first example of clinical cartilage tissue engineering 
was performed in 1987 when a knee with an articular cartilage de-
fect on the femoral condyle was treated by implanting the patient’s 
own chondrocytes that had been expanded in vitro and then im-
planted into the defect in combination with a covering mechanical 
membrane—the periosteum. The living membrane was to function 
as a protective shield until the cells were safely settled. However, 
the living membrane also functioned as bio stimulator to the seeded 
cells and contributed with chondrogeneic cells. The 2nd generation 
ACI follows exactly the steps of the 1st generation ACI besides that 
the periosteum is exchanged by a collagen membrane but now wi-
thout bio stimulatory effects. The 3rd generation of ACI with cells in 
matrices could be divided into two categories:

1. Chondrocyte seeded matrices with cells grown within the matrices 
fibers.

2. Chondrocyte seeded carriers with cells growing on the surface of 
the material. The cells are migrating from the matrices after delivery 
to the defect area.

3. Chondrocytes seeded on a scaffolding material just prior to 
implantation

4. The fourth generation of autologous chondrocyte implantation 
could be either:
•Direct isolated chondrocytes, non-expanded mixed with direct iso-
lated MSCs seeded on a matrix just prior to implantation

Or

•Harvest of cartilage that is morselized and put on to a membrane in 
small fragments covered with fibrin glue for re-implantation.

However, as there today is an interest to use not only chondrocytes 
but also other chondrogeneic cells, the use of scaffolds for suppor-
ting such cells has increased enormously.

A scaffold for cartilage tissue engineering should fulfil certain 
criteria’s:’ 

• The surface should permit cell adhesion and growth

• Neither the used polymer nor its degradation should provoke 
inflammation or toxicity when implanted in vitro

• The material should be reproducible in 3D structures

• The porosity should be at least 90% in order to provide a high 
surface area for cell-polymer interactions and sufficient space 
for ECM regeneration; minimal diffusional constraints during in 
vitro cultures

• The scaffold should be absorbed once it has served the tem-
plate function

• The scaffold degradation should match the rate of tissue rege-
neration.

Adopted after Freed et al. 1994

In short, one may use the four summary wording of biocompatibility, 
biodegradability, mechanical stability and right pore structure. Ho-
wever, above requirements are difficult to fulfil and still in 2015, the 
ideal scaffold has to be found.

Traditionally, four different groups of scaffolds have been used: 

• Absorbable fabricated matrices.

• Non-absorbable fabricated matrices

• Matrices from animals or humans

• Hybrids; composite cell support matrices having both synthetic 
and natural components (Polymers + RGD peptides).

Local cartilage repairs could be augmented and combined with dif-
ferent types of above matrices and could be developed in vitro to 
either immature or mature grafts before implantation.

Due to economic reasons, the tendency today is the search for ma-
trices that could be used as one stage procedures either as emp-
ty matrices for intrinsic cell ingrowth from the bone marrow or as 
scaffolds used for direct cell seeding. It might be that such scaffolds 
should be slightly different compared to the ones used for in vitro 
cell culture to be implanted in a second stage operation as immature 
chondral grafts.

We are at two crossroads:

Should we let the cells decide their positions within the matrices 
network by themselves and rely on their spatial awareness?

Or

Should we seed cells in 3D technique to imitate the natural cells la-
yers?

Other questions that remain to find answers on are:

What cells shall we use for 3D culture?

How large in size needs the pores be?

Furthermore, to repair cartilage defects one may also discuss if one 
needs to reconstruct the total cartilage –bone unit meaning that 
even if the lesion is chondral one may need to address also the 
subchondral bone. A scaffold may then be needed to address two 
different repair modes; the cartilage and the bone. Such a scaffold 
enable cells to adhere, migrate, grow, and differentiate into chon-
drogenesis and osteogenesis pathways supporting the restoration 
of the bone-cartilage unit. To reconstruct the nice interface between 
bone and cartilage, one has to pay extra focus on the different mate-
rials used for the two different cell phases. Difficulties to overcome 
is the degradation rates of each phase and shear forces between 
the phases which means problems with the mechanical stability bet-
ween the two phases of the biphasic scaffold. Instability may induce 
apoptosis of the involved cells in the unstable phase.

In this review, an update of available scaffolds for chondral and os-
teochondral repair is discussed and pros and cons for their use are 
presented.

Robert A Brown has said that choosing cells and support scaffolds is 
like matching carriers with cargo. Think about a luxurious outbound 
cruising to New York from UK with Queen Mary and how it would 
lose its magic if the passengers were taken back to UK with an oil 
tanker. Subsequently, we need to better mimic the cartilage tissue 
matrices to get our cells in their repair cruising more chondrogeneic 
happy (MCH).
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1.2.5
Bioprinting of Osteo-Chondral Constructs
J. Malda 
Utrecht/Netherlands

Introduction: The global market for additive manufacturing (that 
includes three-dimensional (3D) printing) in medical applications is 
already estimated to exceed $300 million, and expected to be over 
one billion USD in 2020. In medicine 3D printing is now commonly 
used to make pre-operative models, realistically sized practice parts 
for surgeons and patient-specific implants. More specifically, the in-
troduction of 3D printing in the field of orthopaedics has enabled 
the generation of patient-specific saw and drill guides, as well as 
custom-designed plastic and metal implants. It may, however, 
also provide opportunities for the generation of cell-containing 
constructs, specifically those containing both cartilage and bone. 
For the long term, the ideal solution to joint injury is to successfully 
regenerate rather than replace the damaged cartilage with synthe-
tic implants. Recent advances in key technologies are now bringing 
this “holy grail” within reach; regenerative approaches, based on 
cell therapy, are already clinically available albeit predominantly 
for focal cartilage defects. The application of 3D bio-printing does 
enable the generation of custom regenerative cartilage implants 
that address both the shape and organization of the native tissue 
by providing control over the layer-by-layer placement of living cells. 

Content: Anatomically shaped, tissue-engineered implants based on 
3D-printed polymer scaffold structures have already been generated 
to restoring congruent articulating surfaces in small rabbit joints with 
various success1, 2. In recent years our group has confirmed the inhe-
rent differences between chondrocytes of the different depth-zones 
of the articular cartilage, even after in vitro expansion3. This obser-
vation has formed the basis for a layered bioprinting approach of 
cartilage4 and osteochondral5 constructs. Hydrogels are particularly 
attractive for their use as “inks” in biofabrication as they recapitu-
late several features of the natural extracellular matrix and allow cell 
encapsulation in a highly hydrated mechanically supportive three-
dimensional environment. Additionally, they allow for efficient and 
homogeneous cell seeding, can provide biologically-relevant chemi-
cal and physical signals and can be formed in various shapes and bi-
omechanical characteristics. Nevertheless, there exists a significant 
challenge in biofabrication6: the optimization of – intrinsically weak 
– hydrogels to address the physico-chemical demands of the biofa-
brication process and the right conditions for cell survival on the one 
hand, and to address the harsh in vivo mechanical environment on 
the other. We have developed novel hydrogel-based synthetic7, 8 and 
natural-based9 bioink formulations that allow for the construction of 
intricate 3D structures, whilst providing the cells with a biological-
ly suitable environment. For example, we modified the rheological 
behaviour of gelatine gels (GelMA) by the addition of the high-mo-
lecular weight polysaccharide gellan gum at tailored salt concentra-
tions, thereby inducing pseudo-plastic behaviour and yield stress in 
addition to the thermosensitivity inherent to gelatine9. Cartilage for-
mation was further optimized towards chondrogenic differentiation 
and tissue production by the addition of hyaluronic acid10. Biome-
chanical performance of the hydrogel constructs was addressed by 
simultaneous, layer-by-layer deposition of multiple materials. These 
highly organized reinforcing networks include printed11 and/or melt 
electrospun thermoplastic polymer (poly(ɛ-caprolactone) (PCL)) to 
provide inherent strength to bioprinted hydrogel constructs. These 
tissue constructs can be applied as tissue models for research and 
screening, but may also ultimately be suitable as regenerative im-
plants for cartilage repair. The major challenges in the application 

of biofabrication-based approaches to generate osteochondral im-
plants (or even functional biological joint “replacements”) will be 
discussed and include overcoming the nutrient limitation, the ove-
rall mechanical stability and simultaneous tissue maturation of the 
bone and cartilage components of the implant. 
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1.2.6
Bioprinting-Cartilage
D. D’Lima, S.P. Grogan, C.W. Colwell Jr 
La Jolla/United States of America

Introduction: Arthritis and cartilage degeneration are leading 
causes of disability in both the aging population as well as in young-
er demographics that engage in increasingly intense physical acti-
vity starting at an earlier age. Cartilage is metabolically inert due to 
the absence of neurovasculature. Mature adults cannot replenish 
the cells to repair cartilage injury. Furthermore, unlike tissues such 
as skin and bone, in which repair tissue integrates with surrounding 
tissue, grafted cartilage does not bond with preexisting mature car-
tilage. Several techniques are available for the repair of localized os-
teochondral defects although none have been proven to be success-
ful in preventing disease progression and osteoarthritis in the long 
term. For patients with end-stage osteoarthritis, total joint arthro-
plasty is successful. Unfortunately, there are no therapies available 
for the patients in the disease stages between focal defects and ge-
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neralized end-stage osteoarthritis. These patients have to tolerate 
pain and disability until their disease progresses to the stage that 
warrants total joint arthroplasty.

Content: Arthritis and cartilage degeneration are leading causes of 
disability in both the aging population as well as in younger demo-
graphics that engage in increasingly intense physical activity star-
ting at an earlier age. Cartilage is metabolically inert due to the ab-
sence of neurovasculature. Mature adults cannot replenish the cells 
to repair cartilage injury. Furthermore, unlike tissues such as skin 
and bone, in which repair tissue integrates with surrounding tissue, 
grafted cartilage does not bond with preexisting mature cartilage. 
Several techniques are available for the repair of localized osteo-
chondral defects although none have been proven to be success-
ful in preventing disease progression and osteoarthritis in the long 
term. For patients with end-stage osteoarthritis, total joint arthro-
plasty is successful. Unfortunately, there are no therapies available 
for the patients in the disease stages between focal defects and ge-
neralized end-stage osteoarthritis. These patients have to tolerate 
pain and disability until their disease progresses to the stage that 
warrants total joint arthroplasty. Major challenges that prevent the 
repair, regeneration, or replacement of osteochondral lesions is lack 
of reconstruction of the organization of the cartilage zones, calci-
fied cartilage, and subchondral bone; and for poor integration into 
host tissue. Newer biofabrication techniques have the potential for 
overcoming these barriers for translating tissue engineered biologic 
replacements to the clinic. Techniques for 3D biofabrication include 
3D bioprinting, electrospinning, electrospraying, and nanomagnetic 
cell patterning [1-4]. A form of additive manufacturing, 3D printing 
builds complex structures from the bottom up, as opposed to tradi-
tional top-down manufacturing. As an emerging technology, 3D bio-
printing can print cells with the potential to generate live functioning 
bioartificial tissue [1, 2]. Electrospinning uses electrical voltage to 
fabricate fibrous scaffolds with tunable fiber diameters and align-
ment [3]. Nanomagnetic cell patterning makes it feasible to place 
cells in discrete clusters, in columns, or linear and curvilinear arrays 
[5]. This presentation describes a novel combination of biofabrica-
tion methods, integrating 3D bioprinting, electrospinning, electro-
spraying, and nanomagnetic cell patterning to generate complex bi-
omimetic architectures. Our technology fabricates intricate shapes 
incorporating fibrous tissue architectures, enables complex interac-
tions between different cell types, and configures cells into discrete 
patterns and arrangements. This versatile biofabrication approach 
can be used to repair chondral and osteochondral lesions and tissue 
engineer biomimetic meniscal replacements. More importantly, the 
technology can be translated to the OR, enabling surgeons to bio-
fabricate neotissue in situ, directly into the cartilage lesion. To de-
monstrate proof-of-concept a modified thermal ink-jet printer depo-
sited chondrocytes suspended in photocrosslinkable poly(ethylene) 
glycol dimethacrylate (PEGDMA) into a cartilage defect created wi-
thin a bovine osteochondral (cartilage and bone) tissue explant for 
cartilage repair [1]. This study demonstrated the utility of direct carti-
lage repair and bioprinting by successfully controlling the placement 
of individual cells with high viability and providing a supportive envi-
ronment for secretion of cartilage ECM protein. The generated tissue 
replicated the native histology of articular cartilage, possessed me-
chanical properties that were within the desirable range for functio-
ning tissue, and integrated seamlessly with the host tissue. Our 3D 
biofabrication provides a mechanism to position individual cells or 
groups of cells in engineered microenvironments to promote survi-
val and maintenance of phenotype, to synthesize the desired tissue 
components, to simulate the properties of cartilage, and is readily 
remodeled by the host when neo-tissue is formed.
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1.2.7
Bioprinting-Complex Cartilage Structures
M. Zenobi-Wong 
Zürich/Switzerland

Introduction: In this era of personalized medicine, 3D bioprinting is 
a technology which allows the production of patient-specific grafts 
for both orthopedic and craniofacial applications. When medical 
imaging data is available of the lesion or injury, grafts with the right 
size and geometry are printable. Major applications include oste-
ochondral grafts as well as auricular, nasal and tracheal cartilage 
structures. Cartilaginous organs have been appealing early targets 
for bioprinting technology because they are relatively simple tissues 
with a single cell type, an absence of vasculature and a function 
which is primarily structural in nature. The zonal organization of ar-
ticular cartilage is also particularly amenable to the layer-by-layer 
processing of additive manufacturing. Furthermore, bioprinting, be 
it through inkjet deposition or extrusion, provides an inherently 3D 
environment for the cells which is important for maintaining the phe-
notype of the encapsulated chondrocytes and/or chondroprogeni-
tor cells.

Content: The clear stumbling block towards successful bioprinting 
of living cartilaginous tissues, however, does not lie in the hardware 
but rather with the materials for the bioinks. Not only must the bi-
oink produce a structure which has sufficient mechanical stability, 
but the materials and the crosslinking process must be cell friendly 
and provide the correct biological signals to support the functionali-
ty of the encapsulated cells1. Biologically, the ink should mimic key 
features of the complex native extracellular matrix, including growth 
factor binding, adhesion, and biodegradability. From a material sci-
ence perspective, an ideal bioink undergoes viscosity transitions al-
lowing it to flow during extrusion and then cease to flow immediate 
upon deposition. In this way the fidelity of the structure compared to 
the input data can be retained. The main classes of polymers which 
have been used in bioprinting of cartilage tissues can be divided into 
those which gel by light, temperature or exposure to cations. Using 
biopolymers, such as gelatin, which have been modified by acrylate 
or methacrylate groups, the crosslinking of printed structures can be 
accomplished by exposure to ultraviolet light2. The use of thermore-
sponsive polymers which immediately undergo a sol/gel transition 
at physiologic temperatures has also been an effective method to 
achieve good printability3. In this presentation we show a physical 
crosslinking approach where large flexible structures can be printed 
in the absence of potentially toxic catalysts and chemical modifica-
tion of base polymers. The base bioink consists of gellan and algina-
te, two polysaccharides whose safety in the clinics has already been 
demonstrated. Crosslinking of these structures is achieved simply 
by the exposure of the structure to a salt solution. T2 weighted MRI 
imaging of the printed structures was used to assess the shape re-
tention properties of the printed construct and apparent diffusion 
coefficient measurements to assess pore size and water partitioning 
of the engineering printed tissues. To further enhance the bioactivity 
of the bioink, we and others have considered the incorporation of 
particulated ECM particles in the bioink. When the size of the parti-
cles is smaller than the diameter of the extrusion needle, they can 
be easily extruded into the printed structures, where they enhan-
ce the deposition of extracellular matrix molecules by the resident 
cells. Growth factors can also be loaded into a bioink using covalent 
crosslinking, affinity binding or simply encapsulation4. We demons-
trate multiple modalities in which the bioactivity of the bioinks can 
be enhanced without compromising the biocompatibility and printa-
bility of the material. Once the appropriate bioink has been selected, 
complex structures can be easily generated in a high throughput, 
prototype-friendly manner. To print truly overhanging structures, 
such as the helix of the auricle, it is often necessary to coextrude a 
‘sacrificial’ structure. Once again the use of reversible thermosen-
sitive polymers has led the way. Polymers, such as Pluronic, which 
are liquid at 4°C and form a physical gel at body temperature, can 
be used as a transient or sacrificial structure to support the poly-
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meric network until it can be crosslinked through one of the above 
mentioned orthogonal methods5. Importantly this Pluronic support 
can also act as a reservoir for the ions which initiate crosslinking 
of the bioink. After crosslinking, the support can simply be washed 
away, leaving the complex cartilaginous structure behind. Great pro-
gress has been made towards printing of life-size, living, complex 
structures to treat injuries of the appendicular and craniofacial ske-
letons. The most promising avenues for clinical translation appear 
to be through the use of unmodified polymers with previous proven 
safety. Enhancement of the bioactivity of the ink can also be done in 
a clinically compliant manner, for example through the use of pro-
ducts like BioCartilage. Challenges remain and include the ability to 
nourish cells residing in the core of large cartilaginous structures, 
adhesion of printed structures to the native tissue, and providing 
both a cell-friendly environment within a mechanically robust struc-
ture. In the future, solutions to these issues will be effectively in-
corporated into the bioprinting strategy, for example through the 
introduction of a bioprinted macroporosity to aid in mass transport 
and load transfer within the constructs.
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2.1.1
Cartilage Gene Therapy
C.H. Evans 
Rochester/United States of America

Introduction: In the context of cartilage repair, gene therapy can be 
viewed as a technology for delivering chondrogenic gene products, 
both protein and RNA, locally in a sustained and potentially regula-
ted fashion. The choice of gene(s) (usually cDNAs) is determined by 
the biology of the particular process of interest. Such processes may 
include the differentiation of progenitor cells into chondrocytes, the 
prevention of catabolism, the promotion of matrix synthesis, or in-
hibition of inflammatory stimuli. The genes of interest may be trans-
ferred to the appropriate cells by viral or non-viral vectors using in 
vivo or ex vivo protocols. These topics are covered in recent reviews 
(1,2). This talk will discuss various strategies for enhancing cartilage 
repair genetically, with an emphasis on translation and clinical trials.

Content: Much of the relevant literature reports studies using cD-
NAs whose products promote the differentiation of progenitor cells 
into chondrocytes, the maintentance of the chondrocytes pheno-
type, or both. In these contexts, insulin-like growth factor-1 (IGF-1), 
bone morphogenetic protein-2 and -7 (BMP-2, -7) and transforming 

growth factor-ß (TGF-ß) are commonly investigated. Although non-
viral vectors hold many advantages for human gene transfer, they 
tend to lead to transient, low levels of transgene expression and are 
often inflammatory. Most progress has been made with viral vec-
tors. Adenovirus is commonly used because it is straighforward to 
make at high titer and transduces many cell types with high effici-
ency. Kang et al (3) first showed that adenovirally transduced chon-
drocytes would continue to express a transgene after implantation 
into an allogeneic lapine host. Nixon and colleagues confirmed this 
in equine models, showing that BMP-7 and IGF-1 accelerated hea-
ling of surgically-created cartilagenous defects (4,5). In their latest 
work, this group has used autologous cells and adeno-associated 
virus (AAV) vector encoding IGF-1 to improve the repair of cartilage-
nous lesions (6). This general approach has been taken into human 
clinical trials by Kolon Life Sciences (South Korea) and TissueGene 
Inc (USA). This uses an established line of human chondrocytes, 
retrovirally transduced to express TGF-ß. It is being trialled in two 
modes. For the repair of traumatic cartilagenous lesions, the cells 
are implanted into defects within a fibrin gel (7). For the treatment 
of osteoarthritis, suspensions of the cells are injected into individual 
diseased joints (8,9); this method is now in Phase III clinical trials in 
the USA and South Korea (10). Pre-clinical approaches to therapy 
in animal models, include the use of AAV to deliver chondrogenic 
genes to marrow cells as they enter lesions following sub-chondral 
drilling (11-13) and the use of “gene plugs” in which bone marrow is 
removed, mixed with adenovirus vectors as it clots, and then press-
fit into defects (14-16). Another approach uses genetically modi-
fied fat and muscle to repair defects (17). There is also interest in 
using gene activated matrices (GAMs), where the cDNA of interest 
is associated with a scaffold that is implanted into a site of cartilage 
damage. This genetically modifies repair cells as they infiltrate the 
scaffold, leading to enhanced regeneration of cartilage.
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BMA BMC WB PRP 

IL-1ra :IL-1β - +++ - - 

MSC + +++ - - 

TGF-β1, PDGF + +++ + +++ 

Il-1β, IL-8 + ++ - - 

Table 1: Summary of the key differences found between BMA (bone 
marrow aspirate), BMC (bone marrow concentrate), whole blood 
(WB), and platelet rich plasma (PRP). The + or - symbols depict the 
relative concentrations of interleukin 1 receptor antagonist (IL-1ra): 
interleukin-1 (IL-1), mesenchymal stem cells (MSC), transforming 
growth factor beta-1 (TGF-β1), platelet derived growth factor (PDGF), 
interleukin 1 beta (IL-1β), and IL-8. There are significant differences 
in the cellular and molecular composition of autologous biologic 
products. While no conclusion can be definitively made regarding 
the superiority one biologic adjunct compared with another, it is 
important that the future study and application of these products 
considers their differing compositions. While PRP, BMC and autolo-
gous conditioned serum are purported to alter the healing response 
through the actions of specific growth factors, stem cells and IL-1ra 
respectively, it is likely that the overall net effect of the various com-
ponents and their multiple interrelated actions will ultimately deter-
mine their impact on tissue repair. The use of BMC provides a readily 
available source to deliver IL-1ra therapy to patients where the rege-
nerative medicine product is not otherwise available.

References:

1. References Campbell KJ, Boykin RE, Wijdicks CA, Erik Giphart J, 
LaPrade RF, Philippon MJ. Treatment of a hip capsular injury in 
a professional soccer player with platelet-rich plasma and bone 
marrow aspirate concentrate therapy. Knee Surg Sports Traumatol 
Arthrosc 2013 Jul;21(7):1684-8.

2. Enea D, Cecconi S, Calcagno S, Busilacchi A, Manzotti S, Kaps C, 
et al. Single-stage cartilage repair in the knee with microfracture 
covered with a resorbable polymer-based matrix and autologous 
bone marrow concentrate. Knee 2013 Dec;20(6):562-9.

3. Gigante A, Cecconi S, Calcagno S, Busilacchi A, Enea D. 
Arthroscopic knee cartilage repair with covered microfracture and 
bone marrow concentrate. Arthrosc Tech 2012 Sep 14;1(2):e175-80.

4. Gobbi A, Karnatzikos G, Scotti C, Mahajan V, Mazzucco L, Grigolo 
B. One-step cartilage repair and bone marrow aspirate concentrated 
cells and collagen matrix in full-thickness knee cartilage lesions: 
results at 2-year follow-up. Cartilage 2011;2(3):286-99.

5. Hegde V, Shonuga O, Ellis S, Fragomen A, Kennedy J, 
Kudryashov V, et al. A prospective comparison of 3 approved 
systems for autologous bone marrow concentration demonstrated 
nonequivalency in progenitor cell number and concentration. J 
Orthop Trauma 2014 Oct;28(10):591-8.

6. Kennedy JG, Murawski CD. The treatment of osteochondral lesions 
of the talus with autologous osteochondral transplantation and 
bone marrow aspirate concentrate: surgical technique. Cartilage 
2011;2(4):327-36.

7. Smyth NA, Murawski CD, Haleem AM, Hannon CP, Savage-Elliott 
I, Kennedy JG. Establishing proof of concept: Platelet-rich plasma 
and bone marrow aspirate concentrate may improve cartilage repair 
following surgical treatment for osteochondral lesions of the talus. 
World J Orthop 2012 Jul 18;3(7):101-8.

8. Veronesi F, Giavaresi G, Tschon M, Borsari V, Nicoli Aldini N, 
Fini M. Clinical use of bone marrow, bone marrow concentrate, 
and expanded bone marrow mesenchymal stem cells in cartilage 
disease. Stem Cells Dev 2013 Jan 15;22(2):181-92.

15. Sieker JT et al (2014) Direct bone morphogenetic protein 2 and 
indian hedgehog gene transfer for articular cartilage repair using 
bone marrow coagulates. Osteoarthritis Cartilage http:// dx.doi.
org/10.1016/j.joca.2014.11.008.

16. Ivkovic A et al (2010) Articular cartilage repair bygenetically 
modified bone marrow aspirate in sheep. Gene Ther 17: 779–789.

17. Evans CH et al (2009) Use of genetically modified muscle and 
fat grafts to repair defects in bone and cartilage. Eur Cell Mater 18: 
96–111. 

2.1.2
Chondrogenic Molecules in Bone Marrow Concentrate and 
Platelet Rich Plasma
L. Fortier1, J.M. Cassano1, J.G. Kennedy2, K.A. Ross2, E.J. Fraser2, 
M.B. Goodale1 
1Ithaca/United States of America, 2New York/United States of America

Introduction: Introduction Focal articular cartilage lesions are a 
common pathology that can lead to significant functional decline 
and predispose patients to osteoarthritis (OA). In the United States, 
OA is a leading cause of morbidity and disability, affecting over 27 
million people and costing the healthcare system over 7 billion dol-
lars annually. The exact pathological processes involved in cartilage 
injury and OA have not been fully elucidated, however, it is known 
that an inflammatory cytokine cascade is initiated early in the di-
sease process. Biologic solutions to address the pathologic process 
of OA have been investigated as potential treatments for focal carti-
lage lesions, osteochondral lesions, and generalized OA throughout 
a joint. Bone marrow aspirate concentrate (BMC) was developed as 
a means of delivering mesenchymal stem cells (MSCs) to an area 
of cartilage damage in a patient-side manner. BMC is generated 
by centrifugation of bone marrow aspirate (BMA) which allows for 
immediate availability for re-injection into a patient. BMC has been 
used as an augment to microfracture or as direct injection into the 
joint with or without platelet rich plasma for cartilage repair and ear-
ly arthritis. BMA also contains a variety of bioactive molecules and 
cell types at different stages of differentiation, such as lymphocytes, 
neutrophils, monocytes, platelets, and red blood cells which are 
concentrated during generation of BMC. Platelet-rich plasma (PRP), 
has also gained popularity as a treatment for cartilage defects and 
generalized OA. PRP contains a supraphysiologic concentration of 
platelets which contain multiple growth factors capable of activating 
target cells and up-regulating gene expression resulting in cellular 
recruitment, improved cartilage matrix production, promotion of 
chondrogenic differentiation, and modulation of the inflammatory 
response. A recently completed study compared the cellular distri-
bution, anabolic and catabolic cytokine concentrations in BMC and 
PRP from the same patient cohort. The results of this study provide 
important clinical recommendations when choosing regenerative 
medicine approaches to treat musculoskeletal injuries and begin 
to answer the question “What is the difference between PRP and 
BMC?”.

Content: Methods Patients (19) undergoing orthopedic surgery 
were enrolled. Bone marrow aspirate (BMA) from the iliac crest was 
processed to generate BMC using a commercial system. Blood was 
obtained to make PRP utilizing the same system as for BMC. Bone 
marrow samples were cultured to measure colony forming units 
and flow cytometry was performed to confirm that cultured cells 
were mesenchymal stem cells (MSCs). Cellular and platelet con-
centrations were assessed for all samples. Catabolic cytokines and 
growth factors important for musculoskeletal tissue regeneration 
were measured using multiplex ELISA. Results Colony forming units 
were significantly increased in BMC compared to BMA (p<0.0001). 
Flow cytometry markers were consistent with MSCs (CD73, CD271 
positive; CD45, CD34 negative). Platelet counts were not signifi-
cantly different between BMC and PRP (p=0.46). Platelet-derived 
TGFβ1 and PDGF were not significantly different between BMC and 
PRP (p=0.05). IL-1ra in BMA was twice previously reported values 
for autologous conditioned serum (ACS). In BMC, IL-1ra was at least 
an order of magnitude greater than ACS. The ratio of IL-1ra:IL-1β in 
all BMC samples was at least 4x above the 100:1 ratio reported to 
inhibit the catabolic cytokine IL-1β. Conclusions Cellular and cyto-
kine composition are significantly different between BMC and PRP 
(Table 1). 
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2.1.3
Stem Cell Niches in Joint Health & Disease
C. De Bari 
Aberdeen/United Kingdom

Introduction: Arthritis is a leading cause of disability in the Western 
World and its total (direct and indirect) costs have been estimated 
to be over £30 billion annually in the UK. The high prevalence and 
heavy impact on working capacity make arthritis a major social is-
sue. Prevention and treatment are therefore healthcare and socio-
economic priorities. Osteoarthritis (OA) is the most common joint 
disease affecting over 8 million people in the UK, and its incidence 
is predicted to increase as the ageing population grows. OA causes 
progressive breakdown of articular cartilage and bone, leading to 
joint failure. Current treatment options are limited to symptom relief 
and prosthetic joint replacement in end-stage disease. Joint replace-
ments have a limited lifespan and surgery has risks, especially in 
an era of increasing antibiotic resistance. Injury to articular cartilage 
from trauma or through repeated damage from abnormal joint bi-
omechanics is a recognised risk factor. OA can be considered the 
result of injurious events causing damage to joint tissues, which 
prevail over the capacity of the tissues to regenerate. Treatments 
for early OA are limited and only available for localised joint surface 
defects. They include micro-fracture, mosaicplasty and autologous 
chondrocyte implantation, which are invasive procedures and can 
involve significant costs (1). There is therefore an unmet medical 
need for new therapeutic interventions that can prevent the deve-
lopment or progression of OA. An attractive option is to stimulate 
intrinsic repair to restore a homeostatic joint.

Content: Stem cells persist in adult life to safeguard tissue mainte-
nance and regeneration. They have the ability to self-renew (to pro-
duce more stem cells), thereby preserving a constant pool of stem 
cells, and to differentiate to replace the mature cells that are lost 
because of physiological turnover, injury, or disease. Self-renewal 
and differentiation are regulated by stem cell intrinsic factors and 
signals from the surrounding microenvironment in which the stem 
cells reside, called “stem cell niche”. Mesenchymal stromal/stem 
cells (MSCs), derived from bone marrow and connective tissues in-
cluding the synovium in the joint, have the ability to differentiate 
into chondrocytes and osteoblasts, and therefore are of interest for 
their potential clinical use for joint tissue repair. The joint environ-
ment is actually rich in progenitor/stem cells but our understanding 
of their anatomical location in niches and the molecular regulation 
of their functions remains limited. The lack of specific cell surface 
markers has hindered the identification of the MSCs in their native 
tissues. In bone marrow, MSCs harbour in perivascular areas, where 
they are in close proximity to hematopoietic stem cells and contri-
bute to regulating their function. There is evidence that pericytes, 
which are cells located on the abluminal side of small blood vessels, 
may be the native cells of the MSCs. However, the notion that MSCs 
derive from pericytes is challenged by the retrieval of MSC-like cells 
in articular cartilage, notoriously an avascular tissue. Pericytes may 
not be the only source of MSCs, and such relationship is likely to 
be tissue-specific and context-dependent. Recently, by combining a 
double nucleoside labelling scheme with a clinically relevant mouse 
model of joint surface injury, we provided data on the identification 
and characterization in the adult synovium in vivo of a population of 
label-retaining slow-cycling stromal cells with an MSC-like pheno-
type, which proliferated and differentiated into chondrocytes after 
injury, hence displaying typical properties of MSCs. In synovium, 
MSCs appear to be located in two niches: a niche in the lining layer 
and a perivascular niche in the sublining tissue, apparently distinct 
from pericytes (2). This discovery prompted the investigation of the 
role of joint-resident MSCs in the mechanisms underlying articular 
cartilage maintenance and healing and, more generally, how signals 
in the niches are coupled to functional events and related outcomes 
in joint homeostasis, remodelling and repair. Mesenchymal proge-
nitor cells are also thought to reside in the superficial zone of the 
articular cartilage, as they display functional properties of stem/
progenitor cells after isolation and culture expansion. However, so 
far there is no evidence that cells residing in the superficial layer are 
professional stem/progenitor cells with the function to remodel and 
regenerate the articular cartilage, thus explaining the poor intrinsic 
repair capacity of the cartilage. An understanding of the native MSCs 
and related signals at the niche sites in the joint will be essential 
to provide guidance on clinical applications employing cell based 
approaches. The restoration of a functional niche will safeguard 
durable repair by ensuring lifelong replacement of mature cells. An 
exciting prospect is the pharmacological targeting of MSCs and their 
niches to promote joint surface repair and influence outcomes of 
joint disorders such as OA, with the ultimate goal to restore joint 
homeostasis.
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2.2.1
Basics in Imaging of Articular Cartilage & Cartilage Repair
H. Potter 
New York/United States of America

Introduction: Included in content

Content: MR imaging provides noninvasive detection of traumatic in-
jury to articular cartilage as well as loss secondary to osteoarthritis. 
As radiographs provide only indirect information, cartilage, being a 
viscoelastic soft tissue, is better suited when utilizing standardized 
sequences on clinically relevant field strength units. The signal 
properties of cartilage are dependent on the cellular composition 
of collagen, proteoglycans and water, as well as the MR pulse se-
quences utilized. The reproducibility of assessing cartilage damage 
using MRI is much higher than arthroscopy (1, 2). High contrast tech-
niques delineating cartilage from subchondral bone have permitted 
three dimensional modeling of cartilage with relevance in providing 
a template for tissue engineering, as well as optimizing cartilage 
repair and osteochondral transfer (3). Validated three dimensional 
modeling of the growth plate also permits accurate assessment of 
physeal interruption, which is relevant for assessing risk for limb 
length discrepancy (4, 5). Assessment of the whole joint, however, 
is also important, as altered mechanics in the setting of meniscal 
and ligament deficiency may predict specific patterns of cartilage 
injury. It is well established that cartilage resists compression but 
not shear, and thus the pivot shift sustained during a traumatic ACL 
disruption has been recognized as an effective post-traumatic mo-
del of osteoarthritis (6). Parametric mapping provides noninvasive 
assessment of both fibrocartilage and articular cartilage. With regar-
ds to articular cartilage, comprehensive assessment involves both 
assessment of proteoglycan, which imparts compressive strength, 
and collagen, which imparts tensile strength. Options for evaluation 
of proteoglycan includes Na23 MRI, performed at 3 and 7T, which is 
noted to be highly specific for proteoglycan, but requires specialized 
multinuclear coils and generally is of lower signal to noise compa-
red to hydrogen spectroscopy. Chemical exchange techniques such 
as gagCEST of labile hydroxyl and amine groups on the GAG side 
chains is effective at 7T, but requires correction for B0, and little ef-
fects have been noted at field strengths of 3Tdue to direct saturation 
effects and a fast exchange rate (7). dGEMRIC techniques have been 
shown to be very sensitive to fixed charge density, but have fallen 
out of favor due to the requirement for the injection of gadolinium 
salt, exercise and scan delay of up to 90 minutes, which poses a 
challenge for multi-institutional trials. T1rho imaging has the advan-
tage of not requiring a contrast agent, and being suitable at clinically 
relevant field strengths such as 3T. Careful attention to technique 
is essential in order to account for such parameters as magic an-
gle phenomenon, stimulated echo contribution and magnetization 
transfer (8). Previous validation data have correlated both dGEMRIC 
and Na23 to fixed charge density. While some investigators indicate 
that T1 rho is less specific for assessment of proteoglycan, previous 
validation has shown good correlation to both Na23 and appropri-
ate histologic staining of ex vivo specimens (9). In an enzymatically 
degraded porcine model, T1 rho has also correlated favorably with 
fixed charge density, as assessed by Na23 and immunohistochemical 
staining (10). Cartilage repair studies demonstrate favorable corre-
lation to appropriate histology, including safranin-O fast green as-
sessment of an augmented microfracture repair in an equine model 
(11). With regards to collagen assessment, arguably the most robust 
assessment correlations have been by Xia et al., demonstrating 
strong correlations between T2 relaxation times and polarized light 
microscopy (12). Clinical applications of articular cartilage parame-
tric mapping have enabled noninvasive assessment of cartilage 
repair, as well as early detection of matrix depletion in cohorts at 
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risk for osteoarthritis, such as femoroacetabular impingement and 
developmental dysplasia. T1 rho and T2 has been shown to predict 
cartilage loss in patients with no, or mild, radiographic osteoarthri-
tis (13). The shorter dynamic range of T2* mapping has enabled the 
visualization of the cartilage bone interface, which is of clinical and 
biologic relevance for the integration of the tidemark in the setting 
of cartilage repair (14). In clinical cohorts, correlations have also 
been demonstrated between T2* and arthroscopic assessment (15). 
Issues of post-processing are also important with regards to type 
of parameter fit and registration software for a longitudinal study. 
Texture analysis has provided greater insights into the spatial vari-
ation of relaxation times within the mean (16, 17). As cartilage has 
no inherent capacity to repair, morphologic MR imaging provides an 
essential means to noninvasively assess distribution of matrix wi-
thin the repair tissue, as well as the ability of the repair tissue to 
integrate with the host cartilage. Recommendations for the use of 
MRI in cartilage repair trials have been well established and may be 
performed at clinically relevant field strengths of either 1.5T or 3T 
(18). Morphologic MRI combined with T2 mapping, T1 rho, Na 23 and 
gagCEST have all been utilized in cartilage repair tissues, providing 
a measure of fill, adverse synovial response to the repair tissue, in-
tegration with the host tissue, as well as the stratification of prote-
oglycan and the orientation of collagen across the repair interface. 
Newer applications of ultrashort TE sequencing is helpful in evalua-
tion of the traditionally “hidden” areas at the tidemark and subchon-
dral plate, which is relevant for integration of repair tissue to the 
host cartilage (14). Beyond articular cartilage, the ultrashort TE of 
meniscus has been established in repair models, showing good cor-
relation with histologic assessment such as multiphoton microsco-
py (19). MRI is the standard by which we can noninvasively assess 
cartilage morphology utilizing standardized, reproducible MR pulse 
sequences. This provides an objective evaluation of cartilage repair, 
and provides a macroscopic assessment of repair tissue integration. 
Quantitative parametric mapping should ideally assess both prote-
oglycan and collagen. Newer applications of ultrashort quantitative 
MRI include meniscus, tendon and ligament, with a challenge to cur-
rent and future investigators to strengthen the links of imaging to 
cartilage and fibrocartilage mechanical properties. 
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2.2.2
The Evolution of Articular Cartilage Imaging & its Impact on 
Clinical Practice
C.S. Winalski 
Cleveland/United States of America

Introduction: Until the 1980’s imaging assessment of articular car-
tilage was “indirect,” namely observations of joint space narrow-
ing and osteophyte formation on radiographs. While insensitive to 
change and mild or focal pathology, radiography remains a useful 
tool in patient care, assessment of joint alignment, and classifying 
the severity of osteoarthritis (OA) through Kellgren-Lawrence (K-L) 
and OARSI scores. In fact, standardized measures of joint space 
width remain the accepted endpoint for FDA clinical trials of OA 
therapies, and joint scores are used to categorized subjects for re-
search studies. By highlighting the cartilage surface, the addition of 
intraarticular contrast agents improved detection of focal defects by 
radiography and computed tomography.

Content: With improvements in magnetic resonance (MR) imaging 
technology, “direct” imaging of articular cartilage became feasible 
and continues to rapidly advance. In clinical practice, MR imaging 
has quickly become the non-invasive test of choice for detection, 
measurement and grading of cartilage abnormalities as well as for 
the postoperative assessment of repair tissue following surgical car-
tilage repair. It is unlikely that MR replaced arthroscopy as the “gold 
standard” for cartilage evaluation, but it is a powerful complimenta-
ry tool. In addition to cartilage, MR also visualizes the subchondral 
bone region that is not visible to the arthroscopist; additionally, an 
overview of the intra- and extra-articular structures is provided that 
may provide critical information for patient treatment. “Morpholo-
gic” cartilage assessment, i.e. the visualization of grossly visible 
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abnormalities, is the mainstay in clinical practice. MR imaging has 
proved both sensitive and specific for cartilage lesion detection, 
however, limitations and challenges remain. While some abnormali-
ties such as well-defined, empty, full thickness cartilage defects and 
wide fluid-filled fissures may be readily visualized on even low qua-
lity images, many lesions remain occult. In particular defects filled 
with damaged tissue remain difficult; these include thin fissures and 
“cracks,” non-displaced delaminations and areas filled with frayed 
cartilage. The success of MR for the detection and characterization 
of abnormalities is highly dependent on the technical factors of the 
imaging including image contrast, spatial resolution, signal to noise 
ratio, receiver bandwidth, and others. These limitations may explain 
the discrepancies found between the sizes of cartilage lesions seen 
on MR and repair defects following debridement of unstable cartila-
ge. Advances in morphologic cartilage imaging have paralleled the 
improvements of MR imaging systems and pulse sequences that 
have allowed production of higher resolution images with better 
image contrasts in clinically useful imaging times. The introduction 
fast spin echo (FSE) techniques in the mid-1990’s brought cartilage 
imaging into routine protocols. With FSE imaging, excellent cartila-
ge, meniscus and ligament evaluation could be performed from the 
same acquisition. 3D FSE techniques that employ voxels with equal 
dimension, i.e. isotropic voxels, with image contrast sensitive to car-
tilage damage have introduced that have reduced the partial volume 
averaging artifacts that limit cartilage evaluation by thicker slices. 
In addition, 2D images in any plane may be reformatted 3D image 
sets obtained with isotropic voxels. Improved visualization of de-
fects that occur on curved can be achieved. These methods are also 
valuable for quantification of cartilage volumes and thickness for re-
search purposes. Despite these improvements, however, there are 
macroscopic cartilage abnormalities that remain challenging. The 
new frontier is “compositional” cartilage imaging. These MR tech-
niques probe and quantify the microstructure and biochemical com-
position of the tissues. Specific imaging acquisitions that measu-
re T2, T2*, T1, T1 following contrast agents (dGEMRIC), T1rho, and 
magnetization transfer have been used to map local differences in 
articular cartilage. These MR relaxation times are affected by the lo-
cal cartilage structural and chemical composition including collagen 
content, collagen orientation, hydration state, and glycosaminogly-
can content. However, most of the MR measures are influenced by 
more than one factor, and the proper “histological interpretation” 
of MR abnormalities is the subject of active investigation. Sodium 
imaging and a technique called gagCEST are more specific for car-
tilage sodium and glycosaminoglycan, respectively. While the com-
positional imaging techniques have proved useful for identification 
of cartilage abnormalities in otherwise intact-appearing cartilage as 
well as for differentiation of the types of cartilage repair tissue, they 
are still not used routinely. Compositional MR will likely become 
commonplace when clinicians begin to demand earlier detection of 
cartilage injury and improved measurement accuracy of the entire 
area of cartilage damage.

References:

1. Winalski CS, Rajiah P. The evolution of articular cartilage imaging 
and its impact on clinical practice. Skeletal radiology. 2011; 
40(9):1197-1222.

2. Trattnig S, Winalski CS, Marlovits S, Jurvelin JS, Welsch GH, Potter 
HG. Magnetic Resonance Imaging of Cartilage Repair: A Review. 
Cartilage. 2011; 2(1):5-26.

3. Potter HG, Linklater JM, Allen AA, Hannafin JA, Haas SB. Magnetic 
resonance imaging of articular cartilage in the knee. An evaluation 
with use of fast-spin-echo imaging. The Journal of bone and joint 
surgery American volume. 1998; 80(9):1276-1284.

4. Gomoll AH, Yoshioka H, Watanabe A, Dunn JC, Minas T. Preoperative 
Measurement of Cartilage Defects by MRI Underestimates Lesion 
Size. Cartilage. 2011; 2(4):389-393.

5. Forney MC, Gupta A, Minas T, Winalski CS. Magnetic resonance 
imaging of cartilage repair procedures. Magnetic resonance imaging 
clinics of North America. 2014; 22(4):671-701.

6. Burstein D. Tracking longitudinal changes in knee degeneration 
and repair. The Journal of bone and joint surgery American volume. 
2009; 91 Suppl 1:51-53.

7. Mosher TJ, Zhang Z, Reddy R, et al. Knee articular cartilage damage 
in osteoarthritis: analysis of MR image biomarker reproducibility in 
ACRIN-PA 4001 multicenter trial. Radiology. 2011; 258(3):832-842.

8. Goodwin DW, Zhu H, Dunn JF. In vivo MR imaging of hyaline 
cartilage correlation with scanning electron microscopy. AJR 
American journal of roentgenology. 2000; 174:405-409.

9. Gray ML, Burstein D, Kim YJ, Maroudas A. 2007 Elizabeth Winston 
Lanier Award Winner. Magnetic resonance imaging of cartilage 
glycosaminoglycan: basic principles, imaging technique, and clinical 
applications. Journal of orthopaedic research : official publication of 
the Orthopaedic Research Society. 2008; 26(3):281-291.

10. Krusche-Mandl I, Schmitt B, Zak L, et al. Long-term results 8 years 
after autologous osteochondral transplantation: 7 T gagCEST and 
sodium magnetic resonance imaging with morphological and clinical 
correlation. Osteoarthritis and cartilage / OARS, Osteoarthritis 
Research Society. 2012; 20(5):357-363.

11. Ling W, Regatte RR, Navon G, Jerschow A. Assessment of 
glycosaminoglycan concentration in vivo by chemical exchange-
dependent saturation transfer (gagCEST). Proceedings of the 
National Academy of Sciences of the United States of America. 
2008; 105(7):2266-2270.

2.2.3
Advances in Imaging of Cartilage & Cartilage Repair: 
The Radiologists Point of View
S. Trattnig 
Vienna/Austria

Introduction: To visualize the constitution of articular cartilage 
and cartilage repair tissue, a variety of different MRI methods are 
available. Considering the composition of healthy hyaline articular 
cartilage, these methods can depict relatively specifically either one 
component of cartilage or a combination of different components. 
Although some more recent techniques, in particular CEST, have not 
yet been validated sufficiently, studies have shown promising ini-
tial results. In principle we can differentiate between GAG specific, 
water and collagen fiber specific techniques and techniques which 
are related to GAG, water and collagen fiber orientation and content. 

Content: GAG specific MR methods comprise: a) dGEMRIC, b) Sodi-
um imaging c) CEST a) dGEMRIC: Intravenously administered gado-
linium diethylenetriamine pentaacetate anion, (Gd-DTPA2-) pene-
trates the cartilage through both the articular surface and the 
subchondral bone. The contrast equilibrates in inverse relation to 
the FCD, which is, in turn, directly related to the GAG concentration. 
Therefore, T1, which is determined by the Gd-DTPA2- concentration, 
becomes a specific measure of tissue GAG concentration, sugge-
sting that Gd-DTPA2- enhanced MRI has the potential to monitor the 
GAG content of cartilage in vivo. Thus, T1-mapping, enhanced by de-
layed administration of Gd-DTPA2- (dGEMRIC), can be considered 
the most widely used methodology for detecting proteoglycan de-
pletion in articular cartilage and has shown promising results. As 
differences in pre-contrast values between cartilage repair tissue 
and normal hyaline cartilage are larger compared to early cartilage 
degeneration, in cartilage repair tissue, the pre-contrast T1 values 
must also be calculated. The concentration of GAG is represented by 
delta ΔR1, i.e., the difference in relaxation rate (R1=1/T1) between 
T1precontrast and T1postcontrast. Thus, the sequence must be per-
formed twice, for pre-contrast and delayed post-contrast T1-map-
ping. Scan time reduction, compared to the standard inversion reco-
very (IR) evaluation, has been achieved with a new approach using 
fast T1-mapping based on GRE-technique. Although the 90-minute 
delay is still required, this might increase the clinical applicability of 
the dGEMRIC technique. Other drawbacks of dGEMRIC are the use of 
i. v. contrast agent administration, the necessity of a double dose of 
contrast agent, and the fact that uptake and distribution of contrast 
agent is not only dominated by GAG. Since GAG content is responsi-
ble for cartilage function, particularly its tensile strength, the moni-
toring of the development of GAG content in cartilage repair tissues 
may provide information about the quality of the repair tissue. It 
could be demonstrated dGEMRIC was able to differentiate between 
different cartilage repair tissues with higher delta ΔR1 values, and 
thus, lower GAG content, in cartilage repair tissue after MFX, compa-
red to MACT. The applicability of this technique has also been shown 
in regions other than the knee joint. 23Na (Sodium) imaging The 
major advantage of sodium MRI in musculo-skeletal applications is 
that it is highly specific to glycosaminoglycan content and, since the 
sodium from surrounding structures in the joint is low (<50mM), 
for example cartilage can be visualized with very high contrast wit-
hout the requirement for any exogenous contrast agent such as that 
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in dGEMRIC. The recent proliferation of 7 T whole-body MRI scanners 
in clinical research centers offers a significant impact on sodium MRI 
and its potential for clinical use. Since SNR scales linearly with incre-
asing field strength and the lack of B1 penetration and B0 susceptibi-
lity that pose problems with proton imaging, sodium MRI can be 
particularly advantageous at higher fields.. Although sodium MRI 
has high specificity and does not require any exogenous contrast 
agent, it does require special hardware capabilities (multinuclear) 
and specialized RF coils. With the application of a 7T whole body 
system and a modified 3D GRE optimized for sodium imaging and 
dedicated multi-element sodium coils we performed a series of clini-
cal studies: In a small group of 12 patients after matrix-associated 
autologous chondrocyte transplantation (MACT) sodium imaging 
allowed to differentiate between sodium content and hence GAG in 
the transplants compared to native, healthy cartilage. In all patients 
the sodium SNR was lower in the repair tissue compared to healthy 
cartilage. A good correlation between sodium imaging and dGEMRIC 
in the quantification of GAG content was found in patients after 
MACT. In another study 18 patients after different cartilage repair 
surgery (9 bone marrow stimulation (BMS) and 9 MACT patients) 
matched with age, postoperative interval and defect location were 
examined with sodium imaging. Sodium SNR was significantly lower 
in BMS and MACT repair tissue, compared to reference cartilage. 
These differences were influenced by surgery type but not by age 
and follow-up interval. Although sodium SNR was not different bet-
ween the reference cartilage in the MACT and BMS patients, it was 
significantly higher in MACT than in BMS repair tissue. There was no 
difference between MOCART scores for MACT and BMS patients. No 
correlation was observed between the MOCART score and sodium 
repair tissue SNR. Our results suggest that MACT provides higher 
GAG content, and therefore, higher-quality repaired tissue compa-
red to the BMS techniques. Similar studies in patients after long 
term autologous osteochondral transplantation (AOT) in which hy-
aline cartilage is transplanted and in patients after patella disloca-
tion have demonstrated the potential of sodium imaging in the de-
tection of early stages of cartilage degeneration. Sodium imaging at 
7 Tesla provides an insight into biochemical alteration at an early 
stage of disease in cartilage and may improve the monitoring after 
different repair surgeries. gagChemical Exchange Saturation Trans-
fer (gagCEST) Chemical exchange between bulk water protons and 
protons bound to solutes can be visualized with MR imaging by 
using the saturation transfer (ST) technique, a common approach in 
nuclear magnetic resonance (NMR). Consequently, the correspondi-
ng MR imaging scheme is referred to as CEST MRI. In principle, CEST 
MRI relies on a reduction of bulk water MR signal as a consequence 
of selective saturation of off-resonant (solute) spins and subsequent 
chemical transfer of the saturation to spins of bulk water. A prere-
quisite for observation of CEST phenomena within a chemical envi-
ronment is the abundance of sufficiently labile solute protons that 
are in contact with bulk water. The offset of the resonance frequency 
of the labile protons (Δω) in Hz must be greater than the exchange 
rate (k) to provide CEST effects that can be distinguished from direct 
water saturation. For example, hydroxyl and amide protons of GAG 
were shown to be suited for CEST experiments (gagCEST) due to 
their chemical exchange properties: GAG –OH protons resonate at 
frequency offsets of 1 and 1.5–2 ppm downfield from bulk water, and 
k can be on the order of up to 1000 s-1. The vast majority of tech-
niques is based on repetitive image acquisition with pre-saturation 
at different offset frequencies (Δω), which allows plotting of the re-
maining bulk water signal (MSat), normalized to a reference (MRef), 
against the RF presaturation offset (z-spectrum). In the z-spectrum, 
CEST effects appear asymmetric with respect to the water resonance 
and, thus, calculation of the asymmetry of the magnetization trans-
fer ratio, gagCEST imaging was shown to be a valuable tool for the 
non-invasive assessment of GAG content in vivo. For example, it 
could demonstrated that gagCEST can be used to reliably detect 
GAG in the knee cartilage of patients after cartilage repair surgery. In 
this study, which was performed at 7T, a 3D GRE-based gagCEST 
measurement technique was used, and results from 23Na MRI ser-
ved as a reference for GAG measurements. The advantages of gag-
CEST include the relatively short acquisition time, which covers the 
entire volume of a knee joint in ~10 minutes, no administration of 
contrast agent, and simple implementation into a standard imaging 
protocol. gagCEST method has the potential to be transferred from 
7T to 3T and thus its widespread application Collagen and water-
sensitive MRI techniques Although the differentiation of particular 
components of articular cartilage that are visualized by a specific 
sequence is not entirely possible, the classic biochemical MR me-
thodology that focuses on the collagen content of articular cartilage 
is T2-mapping. In addition to the transverse relaxation time (T2) of 
articular cartilage, recently, T2* relaxation is being discussed for the 
depiction of the collagen matrix. Magnetization transfer contrast 
(MTC) might also play a more important role in future approaches. 
T2 relaxation time mapping The transverse relaxation time (T2) of 

cartilage is a sensitive parameter for the evaluation of changes in 
water and collagen content and tissue anisotropy. Cartilage T2 re-
flects the interaction of water and the extracellular matrix on a mole-
cular level. The collagen fiber orientation defines the layers of articu-
lar cartilage. Thus, the three-dimensional organization and curvature 
of the collagen network, influenced by water mobility, the proteogly-
can orientation, and the resulting magic angle at 55º (with respect to 
the main magnetic field B0) influence the appearance of T2. In heal-
thy articular cartilage, an increase in T2 values from deep to superfi-
cial cartilage layers can be observed, based on the anisotropy of 
collagen fibers running perpendicular to cortical bone in the deep 
layer of cartilage. Histologically validated animal studies have 
shown this zonal increase in T2 values as a marker of hyaline or hy-
aline-like cartilage structure after cartilage repair procedures in the 
knee. To visualize this zonal variation in vivo, high spatial resolution 
is essential, which can already be achieved with high-field MR, toge-
ther with dedicated multi-channel coils in clinical approaches. In car-
tilage repair tissue, global (bulk) T2 values, as well as line profiles, 
have shown an increase in the early post-operative follow-up period, 
which might enable visualization of cartilage repair maturation. Ano-
ther study showed the ability of zonal T2 evaluation to differentiate 
cartilage repair tissue after microfracture (MFX) and MACT. Whereas 
cartilage repair tissue after MFX – histologically seen as fibrocartila-
ge – shows no zonal increase from deep to superficial cartilage 
aspects, repair tissue after MACT – histologically reported as hyali-
ne-like – shows a significant stratification. The current evidence 
shows that the quality of the repair tissue is the key to success in the 
long term. Patients with repair tissue similar to the native articular 
cartilage are more likely to have good mid-term results, and in the 
knee, cell-based techniques result more often in hyaline-like repair 
tissue than microfracturing. In summary up to now dGEMRIC and T2 
mapping have been used in clinical studies of patients after different 
cartilage reapir surgery techniques. All other MR method are still in 
the experimental phase. 
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2.2.4
Advances in Imaging of Cartilage & Cartilage Repair: 
The Surgeon’s Point of View
G.H. Welsch 
Hamburg/Germany

Introduction: Cartilage repair is an exciting and growing discipline 
based on an increasing number ob active patients as well as an in-
creasing number of surgical possibilities. Especially in professional 
as well as recreational sports, very often the joint and thus the car-
tilage is in focus when athletes are injured. For the sports medicine 
surgeon the exact diagnosis of trauma or overuse is essential. Ho-
wever the exact diagnosis of the articular cartilage is very deman-
ding. Nevertheless the treatment has to be based on this diagnosis 
and therapeutic (and surgical) decisions have to be done quickly. 
Comparably in the follow-up after surgical approaches, diagnostic 
imaging techniques help the surgeon to assess the status of the the-
rapy/healing and to provide information on e.g. the right time point 
when to return to play. For the sports medicine surgeon, imaging of 
cartilage injuries has to have different aims. Imaging has to illustrate 
and to explain the diagnosis, not only for the physician but also for 
the patient/athlete. Very often, only by the combination of different 
imaging methodologies like radiographs, ultrasound or magnetic re-
sonance imaging (MRI), the surgeon feels as much as possible save 
in his decision making on the right therapy and the right surgical ap-
proach. Additionally possible predictive information on the outcome 
of the surgery, the time period until the patient/athlete can return to 
job/play and if the patient/athlete can reach the same level of activi-
ty can be done. In more complex cases, the imaging techniques, and 
especially MRI, will help to pinpoint the differential diagnosis and 
new insights can be gained if the complete “picture” of the injury 
is not yet clear. This very complex aim of diagnostic imaging can in 
many points only be achieved by advanced MR imaging techniques. 

Content: The knee joint is one of the most often injured joints and 
especially in athletes also early degenerative changes in this joint 
play a role for imaging and following surgical approaches. When a 
patient/athlete is injured comparable to other joints, radiographs 
are able to detect a fracture, possible early degenerative changes 
and abnormalities in the anatomy, e.g. a lateralization of the patella, 
dysplasia of the trochlea groove or a deviation of the normal axis. 
The next step in joint imaging and especially when artciular cartila-
ge should be imaged, is usually MRI. However also this is often not 
seen as a 100% sensitive tool, however it is clearly seen as the best 
possible diagnostic tool (1). Major advances not only in advanced 
MRI techniques and dedicated coil technology as well as high-fields, 
but also in arthroscopic knee surgery have allowed for enhanced di-
agnosis and subsequent management of cartilage injuries (1). Iinju-
ries of cartilage or as well as subchondral bone alterations can only 
be detected by MRI, where clinical signs are very often not specific. 
Hence in patients/athletes with knee injuries, MRI is essential for 
the surgeon before going into the operating room. A good example 
are also osteochondral defects (OCD) or lesions. Here radiographs 
may confirm the diagnosis; MRI may nevertheless be needed for di-
agnosis if x-rays are not confirmatory (2). Furthermore MRI is recom-
mended for staging of OCD lesions with unstable lesions defined as 
articular fluid tracking behind the lesion (3). Concluding although 
the information which can be gained from plain radiographs may 
not be underestimated, very often MRI is needed to confirm the di-
agnosis and provide more safety for the surgeon. Another question 
which is important for the sports medicine surgeon in terms of dia-
gnostic imaging is the possible predictive value of imaging findings. 
Based on this question different studies are available which show 
the dependency of the outcome based on imaging findings or fin-
dings during knee surgery. Factors presumably related to functional 
status of the knee such as the condition of the articular cartilage 
and menisci, as well as normalcy of the contralateral knee, were not 
predictive of activity level at 2 years (4). However when looking at 
predictors of sports function at a minimum of six years after ACL re-
construction, an initial lesion of the lateral meniscus is predictor for 
a worse outcome (5). Additionally when trying to use pre-operative 
MRI as a predictor for the activity level, early signs of osteoarthritis 
may be possible markers in both directions. Hence existing early os-
teoarthritic changes at e.g. the time point of ACL injury are seen to 
decrease the mid- and long-term outcome. On the other hand espe-
cially lateral menical injuries together with the ACL rupture, are seen 
to increase osteoarthritic changes over time (6). Therefore in terms 
of ACL injuries, a complete and high quality MRI which provides in-
formation on meniscal and cartilage abnormalities and injuries, can 
serve the surgeon and the athlete as a predictor not for the short-
term, but for the mid- and long term activity level. Although the 
provided examples are based on ACL surgery, it clearly provides the 
problem in joint surgery, and especially for cartilage repair proce-

dures all joint structures have to be clearly diagnosed before going 
into the OR. This statement is maybe the most important one when 
looking at advanced imaging techniques from the surgeons’ point of 
view. Hence especially in cartilage surgery, the complete status of 
the joint has to be clearly provided by the MRI. Especially as the out-
come of the specific surgical approach is very much dependent on 
the different joint structures. Especially the quality of the articular 
cartilage is very demanding to assess. Here advanced imaging tech-
niques provide a great insight. By biochemical/compositional MRI 
techniques like T2 mapping, delayed Gadolinium enhanced MRI of 
cartilage (dGEMRIC), gagCEST (chemical exchange saturation trans-
fer) and many others, it is now possible to non invasively diagnose 
the cartilage composition on a very high level (7, 8). Concluding the 
surgeon will have the possibility to know the quality of the cartilage 
pre-operatively. And not only the quality of the injured area, but es-
pecially the cartilage quality of the rest of the joint. This information 
can also be provided in the follow-up after cartilage surgery, were 
advanced imaging techniques can give the surgeon as well as the 
patient more information on the area of cartilage repair and (again) 
the rest of the joint. Especially when it comes to the prediction of the 
future outcome or on returning to play, the more information on the 
injury and on the follow-up is available the better for the surgeon 
and the patient. 
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2.3.1
Effect of Bracing
H. Madry 
Homburg/Germany

Introduction: A knee brace is a conservative treatment option to 
redistribute pathological loads across a knee joint in patients with 
axial malalignment.

Content: In the normally aligned knee, the center of pressure of the 
tibiofemoral force passes slightly through the medial side of the 
knee during stance. Axial malalignment of the lower extremity is a 
risk factor for the progression of unicompartmental osteoarthritis. 
Increased knee joint loads are present in patients with knee oste-
oarthritis, and the interaction between axial alignment and dynamic 
knee joint loading during gait is especially pronounced in patients 
with a high body mass. Knee braces are designed to redistribute 
pathological loads across the knee joint. Especially valgus unloa-
der braces are commonly used to decrease the load in the medial 
tibiofemoral compartment in patients with varus malalignment and 
medial knee osteoarthritis. Several clinical studies have been pu-
blished studying the effect of valgus knee bracing for medial varus 
osteoarthritis. This presentation will focus on the basic science and 
available evidence of biomechanical effects of the different unloader 
knee braces for patients with medial tibiofemoral knee osteoarthri-
tis and varus malalignment. Overall, the available data show that 
such valgus braces alter the biomechanics of the varus knee joint 
through several pathways. Limitations of these braces include long-
term clinical outcome on the progression of medial knee osteoar-
thritis, together with evidence for reduced compliance associated 
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with their long-term applications. More clinical studies are needed 
to better identify grades of medial tibiofemoral osteoarthritis for 
which those braces might be ideally applied and to identify patient 
characteristics with the highest likelyhood for a positive response.

2.3.2
Distraction Arthroplasty
P.M. Van Roermund 
Amstelveen/Netherlands

Introduction: Scientific Principles Treatment of osteoarthritis in the 
ankle -or knee joint may be difficult, especially in young patients. 
The traditional options of treatment involve joint replacement and 
arthrodesis meaning that patients will lose not only the pain but also 
their original joint. Moreover, long term effects following these pro-
cedures may be deleterious. Following an arthrodesis of the ankle 
joint, development of osteoarthritis in adjacent joints in the foot may 
be expected. In total knee arthroplasty, repeated revision surgery 
may be needed in case of wear and tear, loosening and infection 
of the implant. In an attempt to avoid or postpone these options of 
treatment including their effects, joint distraction is being used for 
almost 20 years. The rationale for joint distraction is based on sever-
al hypotheses. In the 1980`s, the Ilizarov method of limb lengthening 
became popular based on the discovery that growth and remodeling 
of bone and soft tissues could be induced by gradual distraction of a 
divided bone with the use of a ring fixator1. Gradual distraction of an 
osteoarthritic joint may induce similar growth and remodeling in the 
damaged cartilage and bone as well, allowing surgeons to postpone 
removal of the OA joint. Another hypothesis is that if loading is a ma-
jor cause in development and progression of osteoarthritis, unloa-
ding may prevent and delay the ongoing process of osteoarthritis. In 
OA ankle joint distraction, unloading produced an overall decrease 
of subchondral bone density with a simultaneous increase in density 
in the region of cystic lesions which correlated significantly with cli-
nical improvement2. Increased turnover of bone with subsequent re-
lease of growth factors is known to play a role in cartilage growth and 
repair. Moreover, intermittent fluid pressures, important for the nu-
trition of the cartilage are maintained in the distracted joint by using 
tensioned K wires in the distraction frame for the ankle- or springs 
in the device for knee distraction3. Several models of inducing OA in 
canine or rabbit knee joints with subsequent distraction have been 
described in literature e.g. ACL transection4, or in combination with 
total meniscectomy5, papain injection6, or by making osteochondral 
defects in the femur7 or tibia8, or by damaging the weight bearing 
cartilage of both femoral condyles: the groove model9. An 8 weeks 
joint distraction of an OA knee joint in beagles induced by ACLT re-
sulted in a normalization of the proteoglycan (PG) turnover of the 
articular cartilage directly after treatment4. However, histology did 
not show cartilage repair. The study was repeated using the groove 
model. Significant improvement of PG content and collagen damage 
was found in the distracted OA canine knee joints compared to the 
non -treated OA group. In addition, both the macroscopic and histo-
logical grade of cartilage damage was found to be less in the distrac-
tion group10. A recent study demonstrated cartilage repair activity in 
experimentally induced and distracted OA canine joints which corro-
borates the structural observations of cartilage repair indicated by 
surrogate markers in humans11. Further research and analysis will 
be necessary to understand the pathophysiological changes, which 
may occur in OA joints during and following joint distraction.

Content: Distraction of OA ankle joints Literature regarding clini-
cal trials with osteoarthritic ankle joint distraction revealed 13 re-
trospective, prospective or randomized controlled trials studies. All 
studies reported significant clinical improvements in pain and mobi-
lity. To achieve unloading in the OA ankle joint, a minimum of 5[SM1] 
mm distraction has been found to be effective12. Cartilage growth 
had been analysed indirectly by measuring an increase of the JSW 
on weight-bearing X-rays as established in 7 out of 12 studies with a 
modest13-14 to significant15-16 result even in a 7 years follow up . Lack 
of standardized X-rays hampers comparison of such measurements. 
Increase of cartilage tissue in the joint had been confirmed with MRI 
evaluation in some studies. 16, 17 Similar remarks can be made on the 
reported decrease in bone density, as measured on X-rays. A decre-
ase in peri-articular bone density have been found in high density 
areas following OA ankle joint distraction using standardized radi-
ographs in the AIDA (Ankle Images Digital Analysis ) method. The 
group from Iowa showed a decreased bone density and improve-
ment of bone cysts on serial standardized CT measurements of OA 
ankle joints s after distraction2. These decrease in bone cysts ap-

peared to correlate with a decrease of pain2 Adding ankle motion 
during distraction with a hinged external fixation frame showed an 
early and sustained beneficial effect on outcome18. To improve pati-
ent selection for OA ankle joint distraction, an attempt was made to 
investigate potential predictors of failure19. The analysis was made 
by using two studies including 75 and 36 patients with a maximum 
follow up of 17 and 2 years respectively. Survival analysis was per-
formed over 12 years (n = 25 after 12 years). Regression analyses 
were used to predict failures and clinical benefit at 2 years after joint 
distraction (n = 111). Survival analysis showed that 44% of the pati-
ents failed, 17% within 2 years and 37% within 5 years after joint dis-
traction (n = 48 after 5 years). Survival analysis in subgroups sho-
wed that the percentage failure was only different in women (30% 
after 2 years) versus men (after 11 years still no 30% failure). In the 
multivariate analyses, female gender was predictive for failure 2 ye-
ars after joint distraction. Unfortunately, not all potential predictors 
could be investigated and other clinically significant predictors were 
not found. Prospective data of other possible variables such as hor-
monal influence, or differences in exercise or occupational behavior 
before and after distraction were not available. Therefore, further 
research is needed to determine the cause of the gender difference 
in outcome of ankle distraction. Distraction of OA Knee Joints En-
couraging effects have been reported also following distraction of 
severely painful OA knee joints in relatively young patients. An in-
crease in joint space width has been found in a number of patients 
following distraction of an OA knee joint20. MRI is able to quantify 
cartilage and to show changes in its morphology, volume and even 
composition21. Following a two months OA knee joint distraction pe-
riod, MRI revealed a significant increase in cartilage thickness and 
a decrease of denuded bone areas22. Further studies are needed 
to evaluate the exact value of MRI measurements. After a period of 
8 weeks distraction of OA knee joints by using a bilateral external 
fixator, an increase of the mean and minimum joint space width ( 
JSW) was demonstrated on radiographs. MRI showed an increase in 
cartilage thickness, and a decrease of denuded bone areas. Clinical 
parameters such as the VAS pain and the WOMEC index improved 
significantly. A recent study at 1-year follow up showed similar signi-
ficant structural and clinical improvements following a distraction 
period of 6 weeks. A study comparing clinical and radiographical 
results of knee joint distraction versus high tibial osteotomy will be 
shortly presented including the results of a five year follow up after 
distraction of severely painful OA knee joints. More RCT studies are 
needed to evaluate the use of joint distraction in treatment of OA 
ankle and knee joints. 
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4.1
Biological & Engineering Considerations for optimal Cartilage 
Repair
J. Elisseeff 
Baltimore/United States of America

Introduction: Cartilage repair remains a significant clinical chal-
lenge with few therapeutic options short of joint replacement with 
synthetic materials. Multiple factors, biological and mechanical, are 
thought to converge to create an environment that is not conducive 
to repair. There are number of strategies today for biological carti-
lage repair, however simply rebuilding lost cartilage tissue does not 
solve the challenges of creating an environment conducive for long 
term tissue survival, overall articular joint function, and ultimately 
reducing patient pain and improving clinical symptoms.

Content: Articular cartilage tissue resides in a complex biological 
and mechanical environment. To address cartilage loss and ultima-
tely joint dysfunction a holistic approach must be taken. We first 
investigated tissue engineering techniques to rebuild the cartilage 
tissue. Multiple biomaterial scaffolds, primarily based on hydrogels, 
were investigated with respect to their ability to support tissue de-
velopment using chondrocytes, adult and embryonic stem cells (1). 
Through this process, biomaterial formulations were optimized to 
support cartilage growth. In the process of considering translation 
from the tissue culture dish to a physiological joint environment a 
number of new parameters must be considered. First, the biological 
building block for the new tissue or cell source must be selected. 
Instead of delivering cells to the joint in combination with the bio-
material, we first chose to employ and mobilize endogenous cells 
through microfracture to work synergistically with the biomaterial. 
The second challenge in translation was adhesion and integration of 
the biomaterial to surrounding tissue in a defect space. To address 
this challenge, we developed a biological adhesive to bind a bio-
material to cartilage/bone surfaces and bridge tissue development 
(2). Clinical testing of adhesive-biomaterial scaffolds in combination 
with microfracture demonstrated robust tissue filling defects and 
reduced pain (3). A next generation biomaterial was created that 
is a combination adhesive-hydrogel formulation that can also work 
with intra-operative biologics such as platelet rich plasma (PRP) and 
bone marrow (4). Simply rebuilding cartilage does not address me-
chanical and biological dysfunction in the joint. Inflammation and 
lubrication in the environment must be normalized to maintain the 
new tissue and address the joint dysfunction associated with patient 
morbidity. From the inflammation perspective, it is well known that a 
number of cell types present in an arthritic joint express inflammato-
ry markers. For example, chondrocytes isolated from osteoarthritic 
cartilage express high levels of inflammatory interleukins and rela-
ted signaling molecules in addition to degradative enzymes. We are 
now investigating molecules that can target joint inflammation. For 
example, we evaluated novel hexosamine analogs developed by the 
Yarema group that specifically modulate the NFKb pathway (5). Ar-
thritic chondrocytes cultured in biomaterials with these compounds 
decreased expression of inflammatory molecules and degradative 
enzymes and increased production of cartilage specific extracellular 
matrix. Application to a rodent model of osteoarthritis demonstrated 
reduced OA progression with hexosamine analog injection. Finally, 
lubrication is a critical property of articular cartilage function in the 
joint. Normally, the surface of cartilage works in concert with the 
synovial fluid to reduce friction and allow painless movement. This 
lubrication system is lost in arthritis and engineered cartilage does 
not have the capacity to bind with synovial components as native 
cartilage. To build a biosynthetic lubrication system, we engineered 
a hyaluronic acid binding peptide composed of a synthetic polymer 
that connects a hyaluronic acid binding peptide functionality with 
a tissue binding peptide (6). When combined with hyaluronic acid 
(HA), the binding technology increases lifetime in the joint. Ho-
wever, endogenous HA can also be theoretically bound to the tis-
sue surface. Preliminary data in an osteoarthritis model suggests 
decreased pain, gene expression for inflammatory markers, and 
delayed arthritis progression. In sum, the articular joint is a complex 
environment and there are many factors that must be considered 
when approaching cartilage loss and dysfunction. We believe that a 
three-pronged approach that considers strategies to address carti-
lage structure, lubrication, and inflammation, will allow us to more 
effectively manage the clinical disease.
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4.2
Image-Based Generation of Tissue-Engineered Cartilage Using 
3D Printing and Injection Molding
L. Bonassar 
Ithaca/United States of America

Introduction: In the past decade, significant progress has been 
made in the development of techniques for controlling both the ma-
cro- and micro-structure of engineered tissues. Technologies such 
as 3D printing, additive manufacturing, solid freeform fabrication 
enable exquisite control of scaffold architecture as well as direct 
deposition of cells in materials. Such technologies are attractve in 
part due to their ability to directly interface with 3D medical imaging 
data sets from MRI, CAT scans, and 3D photography to design living 
medical implants for tissue regeneration. These technologies are 
further enabling with respect to cartilage generation, as they also 
facilitate the design of custom bioreactors that can control the local 
mechanical environment of tissue engineered constructs during cul-
ture. Incorporating interfaces between appropriately shaped anato-
mic structures can aid in the generation of mechanical stimuli that 
are designed to more accurately simulate in vivo loading. Lastly, the-
se recent advances are enabled developments in biomaterials tech-
nology for injection molding and direct printing of complex tissue 
and organs, which enable the rapid and accurate physical realization 
of 3D data sets of biological systems. 

Content: This presentation will review recent accomplishments in 
image-based fabrication of living tissues using examples of living 
implants of various types of cartilage, including auricular cartilage 
(1), as well as intervertebral disc (2) and meniscus (3) and propose a 
vision for widespread adoption of this technology for personal, cu-
stomized tissue regeneration. These three tissues represent unique 
problems in reproducing complex anatomy that is critically related 
to physiologic function. Additionally, these tissues also present 
challenges in reproducing appropriate microstructure, as success-
ful tissue formation requires the generation of complex networks of 
fibers that are organized appropriately - elastin in the case of auricu-
lar cartilage and collagen in the case of interverterbal disc and me-
niscus. To guide the formation of such fibers in engineered tissues, 
chondrocytes from these tissues were seeded into collagen gels 

in concentrations ranging from 1 to 20 mg/ml. Collagen gels were 
fabricated into anatomic shapes using 3D printing and/or molding 
technologies. For all tissues, cellular collagen gels were cultured 
for up to 4 weeks under varying static mechanical constraints. For 
meniscus and intervertebral disc contructs, controls for both group 
were unconstrained and allowed to contract freely, while a rigid, 
impermeable cylinder was placed at the inner edge of the annulus 
fibrosus constructs and the meniscus constructs were clamped at 
the edges (i.e. “horns”) to direct contraction. For both cell types, 
mechanically unconstrained gels contracted dramatically, shrinking 
to <10% of their original volumes. This contraction was associated 
with the formation of small (1-3 um), unorganized fiber bundles. The 
compressive and tensile moduli of these samples increased slightly, 
but the resulting tissue was isotropic. The mechanically constrained 
implants produced networks of circumferentially organized bundles 
of fibers similar in size to those in the native tissues (10-20 um). The 
tensile modulus of constrained gels increased up to 10-fold over 4 
weeks and exhibited significant anisotropy, being 3-4 fold higher 
in the circumferential direction compared to radial direction. Coll-
ectively, these studies demonstrate the utility of combining medi-
cal imaging data with advanced tissue manufacturing techniques, 
which enable customized tissue fabrication and mechanical condi-
tioning to produce functional engineered tissues. 
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5.1.2
Cartilage Biomechanics: Material Characterization in 
Compression
C.T. Hung 
New York/United States of America

Introduction: The biomechanical behavior of articular cartilage can 
best be understood when the tissue is viewed as a multiphasic me-
dium. Articular cartilage can be viewed as biphasic material consi-
sting of an interstitial fluid phase and a porous-permeable solid pha-
se (i.e., the ECM) [4]. For understanding how the water contributes 
to its mechanical properties and time-dependent (viscoelastic) de-
formation behavior, articular cartilage may be considered as a fluid-
filled porous-permeable (uncharged) biphasic medium, with each 
constituent playing a role in the functional behavior of cartilage. A 
variety of material testing methods for articular cartilage exist. Ex-
cept for indentation tests that can be performed on cartilage in situ 
[1, 5], most tissue tests require harvesting of a tissue sample or exp-
lant, from which mechanical testing is performed. In this presentati-
on, two common testing configurations for measurement of articular 
cartilage properties, uniaxial confined and unconfined compression, 
are discussed in the context of a stress-relaxation test. The stress-
relaxation test applies a known deformation to the tissue sample 
while the corresponding force is recorded [4]. These most popular 
methods for measuring the compressive properties of articular carti-
lage perform testing of cylindrical tissue specimens [7, 10, 11].

Content: Confined compression is achieved by placing a cylindrical 
tissue specimen (explant) into a tight fitting, impermeable confining 
ring [4]. A porous platen with a diameter similar to the inner diameter 
of the confining ring is used to deform the tissue axially. The test is 
performed with the tissue immersed in a physiologic bath solution. 
To ensure tissue confinement (so there is no leak of fluid between 
the ring and tissue), a tare load is applied axially to compress the 
tissue, causing tissue bulging (due to the Poisson’s effect). The as-
sumptions of the test are that the cartilage-confining wall interaction 
is frictionless (which otherwise would contribute to the time-varying 
stress). Under these boundary conditions prescribed, the tissue de-
formation can occur only in the axial direction, with fluid exudation 
through the tissue and the porous platen into the media bath. As 
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the platen is initially advanced forward its final position, the fluid in 
the tissue pressurizes, resulting in a sharp rise in the total stress to 
a peak, which begins to subside as the hydrodynamic fluid pressure 
wanes, marking the cessation of fluid exudation and the establish-
ment of equilibrium. At the equilibrium displacement, the Aggregate 
or confined modulus [4] can be calculated from the tissue strain and 
the applied load. This measurement eliminates contributions of the 
anisotropy of the tissue, where the properties of the cartilage vary 
by the direction from which the tissue load is applied, as well as ten-
sion-compression (where the radial tensile properties of the tissue 
are an order of magnitude greater than the axial compressive pro-
perties). Curvefitting of the stress-relaxation data in the constitutive 
framework of the biphasic theory permits determination of the Ag-
gregate modulus and the hydraulic permeability. Unconfined com-
pression is performed similarly, but without a confining ring, and by 
loading the cylindrical tissue specimen between two impermeable, 
parallel, frictionless platens. The latter permits the tissue to expand 
radially upon axial loading without drag. This is, in practice, a techni-
cally easier experiment than confined compression. A dynamic mo-
dulus can be calculated by applying dynamic loading at a range of 
frequencies to achieve a functional measure of the tissue properties, 
which reflect the modulus, complex direction-dependent (anisotro-
pic) tissue properties of the tissue, as well hydraulic permeability. 
As the dynamic modulus is a structural property, it will vary depen-
ding on the dimensions of the tissue specimen, which will dictate the 
path length for fluid transport in and out of the tissue during applied 
dynamic axial loading. To study the depth-dependent properties of 
the tissue in compression, a microscopy-based testing device can 
be employed, in which the applied deformation is prescribed and 
the force recorded with a load cell [8, 9, 12, 13]. For this experiment, 
a cylindrical tissue specimen is cut in half, and the cut surface of one 
of the semi-cylindrical samples imaged with an inverted microscope 
while being loaded on the axial faces. The study can be performed 
in confined or unconfined configuration. In this manner, the modu-
lus through the axial depth of the sample can be determined from 
the displacement field and corresponding local strain field that is 
obtained from digital image correlation, and the measured load. 
With the subpixel resolution afforded by the microscopy-based 
technique, it is possible to also determine the tensile modulus as 
well as compressive modulus of cartilage during a compression test. 
Equilibrating the cartilage sample in hypotonic media places the tis-
sue in a state of swelling (or in tension). As the compressive loading 
steps are applied sequentially to the swollen tissue, the calculated 
modulus at equilibrium reflects the tensile modulus of the tissue. At 
which point the applied compression restores the tissue dimensions 
to its original (non-swollen) dimensions, the subsequent compres-
sive steps would yield the compressive modulus of the tissue. It 
should be noted that the testing techniques described above can be 
used to assess the biomechanical properties of engineered tissues, 
providing a direct comparison of the functional behavior of native 
and grown cartilage [2, 3, 6]. 
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5.2.1
Pathoaetiology & Classification
J. Carey 
Philadelphia/United States of America

Introduction: In 1887, Franz Konig described that, “There is a spon-
taneous osteochondritis dissecans, which without any other con-
siderable damage to the joint brings about detached pieces of the 
articular surface. A great part of remote traumatic events associated 
with loose bodies must be considered as having occurred in this 
way.”1 Konig concludes his classic article with, “The etiology of the 
proposed pathological processes is still unknown.”1 Osteochondritis 
dissecans (OCD) has been recently defined as a focal, idiopathic al-
teration of subchondral bone with risk for instability and disruption 
of adjacent articular cartilage that may result in premature osteoar-
thritis.2 Despite over a century of study, there remains no consensus 
on the etiology of OCD lesions.3 The low incidence of OCD challenges 
any single surgeon attempting to perform meaningful comparative 
research. In order for multicenter prospective research to occur, reli-
able classification systems are necessary.

Content: Pathoaetiology Konig introduced the term “osteochondri-
tis” and initially proposed that inflammation was a key component 
of OCD.1 However, histologic studies have found necrosis more con-
sistently than inflammation.4 At this point, the following etiologies 
are commonly entertained: inflammation, vascular deficiency, endo-
crine imbalance, aberrant development of epiphyseal endochondral 
ossification, genetic factors, acute trauma, and repetitive microtrau-
ma.5 Classification – Radiographs In his 1960 text, Smillie notes, 
“The confusion in definition, etiology, pathology, and treatment 
which exists throughout the voluminous literature devoted to the 
study of osteochondritis dissecans, is based in the fallacy of descri-
bing pathological anatomy in terms of radiological appearances.”6 

He further noted that uncalcified cartilage, fibrous tissue, and actual 
empty space all have a similar appearance.6 Regardless, radiographs 
have secured an important role in the evaluation of knee injuries. In 
the AAOS Clinical Practice Guideline on the diagnosis and treatment 
of osteochondritis dissecans, the workforce notes that limited evi-
dence supports acquiring radiographs including AP, lateral, sunrise/
Merchant, and tunnel views “in a patient with knee symptoms (e.g., 
pain, swelling, locking, catching, popping, giving way) and/or signs 
(e.g., tenderness, effusion, loss of motion, crepitus).”7 In 1983, Cahill 
and Berg described a method of radiographic localization on a dia-
gram of the knee.8 In 1984, Hughston et al. described a similar clas-
sification of location on the femoral condyle using anteroposterior 
and lateral radiographs.9 In fact, several other radiographic features 
of an OCD lesion and knee, have been recently shown to be reliably 
assessed, including growth plate maturity, condylar width, lesion 
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size, fragmentation, displacement, boundary, central radiodensi-
ty, and contour.10 Classification – MRI The AAOS Clinical Practice 
Guideline similarly notes that limited evidence supports acquiring 
an MRI of the knee in order “to characterize the OCD lesion or when 
concomitant knee pathology is suspected, such as meniscal patho-
logy, anterior cruciate ligament injury, or articular cartilage injury.”7 
Stability refers to the mechanical integrity of the subchondral OCD 
lesion. Instability can often be predicted by characteristics seen on 
MRI, including the following: high signal intensity between the pro-
geny fragment and parent bone, cysts in the parent bone, fracture 
lines through the articular cartilage overlying the OCD fragment, and 
loose bodies.11-15 While these features may be useful in classifying 
OCD lesions, the reliability of assessing these features has not been 
published. In fact, MRI is arguably the gold-standard for detecting 
the presence or absence of an OCD lesion, since it can even detect 
non-displaced, stable lesions that arthroscopy may miss. Classifica-
tion – Arthroscopy While multiple arthroscopic classifications have 
been described, no single classification system has been universally 
accepted and routinely used.16 Arthroscopy evaluation guides the 
ultimate refinement of the surgical treatment plan. Perhaps most 
importantly, arthroscopic evaluation reveals if a progeny fragment 
is immobile or mobile when probed, with respect to the surrounding 
parent bone and cartilage. The ICRS has suggested the following 
classification system: ICRS OCD I -- stable lesions with a continuous 
but softened area covered by intact cartilage; ICRS OCD II -- lesions 
with partial discontinuity that are stable when probed; ICRS OCD III 
-- lesions with a complete discontinuity that are not yet dislocated 
(“dead in situ”); ICRS OCD IV -- empty defects as well as defects with 
a dislocated fragment or a loose fragment within the bed; Subgroups 
ICRS OCD I-IV B are defects that are >10 mm in depth.17 While the 
ICRS arthroscopic classification17 and others exist for OCD18-20, none 
have been tested for inter-observer reliability. Further, in an attempt 
to extract the best features from these classifications, to simplify, 
and to employ tools to facilitate remembering, the Research in Oste-
oChondritis of the Knee (ROCK) group developed a novel classifica-
tion system.21 Specifically, arthroscopic features of immobile lesions 
may lead to further classification as follows: Cue ball – no abnorma-
lity detected; or Shadow – cartilage is intact and subtly demarcated; 
or Wrinkle – cartilage is demarcated with a fissure, buckle, and/or 
wrinkle. Similarly, mobile lesions may be further classified as fol-
lows: Locked door – cartilage fissuring at periphery, unable to hinge 
open; or Trap door – cartilage fissuring at periphery, able to hinge 
open; or Crater – exposed subchondral bone defect.21 The ROCK OCD 
knee arthroscopy classification system demonstrated very good re-
liability (ICC of 0.94).21
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5.2.2
Open Physes: Treatment Options
N. Sgaglione 
Great Neck/United States of America

Introduction: Osteochondritis dissecans (OCD) is a focal idiopathic 
arthropathy involving subchondral bone and overlying and adjacent 
articular cartilage that can result in symptomatic degenerative joint 
disease. OCD lesions commonly affect the knee and less commonly 
the foot, talus, ankle, hip, elbow and shoulder. Descriptive classifi-
cation of OCD lesions includes defining the pathologic osteochon-
dral “progeny” fragmentation and the underlying adjacent more 
normalized “parent” bone. Classification schematics include profi-
ling patient symptomatology and age specifically related to growth 
plate maturation in addition to radiographic and high resolution 
scanning description of lesion site, size, depth, progeny contours 
and fragmentation, adjacent parent bone reaction, displacement 
and stability. Operative / arthroscopic evaluative assesment and 
grading of OCD lesions is also described.

Content: Treatment regimens are based upon clinical presentation 
and classifications and follow algorithmic guidelines. More recent-
ly in 2010, the American Academy of Orthopaedic Surgeons (AAOS) 
and the ROCK group (Research in Osteochondritis of the Knee) have 
reviewed and published evidenced – based literature on the classifi-
cation and treatment of OCD lesions. Most authors agree that there 
is a dearth of prospective long term controlled comparison outcome 
data regarding the approach OCD lesions.The indications for treat-
ment of symptomatic OCD lesions include assessment of progeny 
and parent site for stability, displacement and level healing or re-
active non – healing as seen on radiographs and /or MRI scans. In 
skeletally immature patients, nonoperative treatments are common-
ly indicated including activity and load modifications and restricti-
ons in addition to bracing and immobilization. In skeletally mature 
patients with failure of nonoperative treatment or mechanical sym-
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ptoms, surgery may be indicated. Decision making regarding the 
complexity of both arthroscopic and open operative interventions is 
dependent upon the stability of the lesion and extent of pathologic 
bone. Current surgical methods include retro - articular (antegrade) 
and trans – articular drilling (retrograde), debridment of loose bo-
dies, debridement and fixation of progeny fragments, debridement 
and autogenous as well as allogeneic osteochondral grafting and 
biological resurfacing including the use of cell – based therapies.

Numerous surgical approaches have been cited and described with 
variable results. The pearls and pitfalls of several procedural tech-
niques which be discussed and described by an expert faculty panel. 
Case – based presentations will be emphasized in order to illustrate 
clinical decision making and current strategies for diagnosis, ma-
nagement and prognosis. 

5.2.3
Closed Physes: How I do it
K.R. Zaslav 
Richmond/United States of America

Introduction: For stable OCD with open physis I am very conserva-
tive and tend to treat at least 4-6 months non operatively, and then 
if unstable or if this treatment fails in situ fixation with retro-grade 
drilling is often successful. Once physeal closure has occurred I be-
lieve it is a different disease with a different prognosis. 

Content: When OCD presents after phyesal closure I believe non 
operative treatment is mostly unsuccessful and in my experience 
even In situ fixation fails often, within 2 years, due to the bony di-
sease below. For small lesions less than 2 cm, if the fragment has 
bone on the articular side of the fragement and the lesion is shallow 
(less than 8 mm sub-chondral bone involvement) then one might 
consider in situ fixation after drilling. If, as I find most common in 
this age group, the fragment is fragmented or has little to no bone 
on the cartilage fragment, I do not attempt in situ fixation. In this 
group the literature would suggest that drilling and if deeper, ar-
throscopic cancellous bone grafting, is a possible simple alternative. 
For larger lesions however, or after failure of primary drilling, I have 
found ACI is the best option for mild to moderate bone loss. If the 
lesion has deeper bone loss greater than 1 cm then either osteo-
chondral allograft or ACI utilizing The Sandwich technique, as de-
scribed by Dr Lars Peterson is the best option. In younger patients 
just at or post physeal closure I tend to attempt ACI with Sandwich 
technique as the first option as I prefer hold allograft for salvage 
if it fails. However both techniques have been highly successful in 
young patients under 25 with OCD. Technically it is important to re-
move all dead and sclerotic bone from the sub-chondral area and 
burr the defect plus drill into the base to insure good bony healing 
and good bone-cartilage integration. To fill a deep defect after the 
lesion is prepared I use the OATS type harvester and take plugs of 
cancellous bone from the tibia medial to the tibial tubercle, near the 
area we drill for ACL. Multiple plugs can then be placed into fill the 
depth of the defect. As described by Dr Peterson one then either co-
vers the bone graft with a periosteal flap harvested by from femur or 
tibia or more common now a collagen Type I-III patch like Bioguide. 
A second Patch is then sewn on top and the cultured chondrocytes 
are implanted between the two patches, after fibrin glue is placed 
around the periphery as in all ACI procedures. Post operatively pa-
tients are partial weight bearing for 6-8 weeks and may utilize and 
unloader brace after that for up to 4 months so they stress shield 
the lesion while increasing their weight bearing and cyclic loading. 
PT for PRE of quadriceps and hamstrings as well as core and gluteal 
PRE are instituted once weight bearing is allowed. 
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5.2.4
Surgical Approach to Adult OCD
S. Görtz 
San Diego/United States of America

Introduction: Osteochondritis dissecans (OCD) is an acquired con-
dition primarily affecting the subchondral bone of the femoral epi-
physis which often manifests as progressive disease of the over-
lying articular cartilage, ultimately culminating in sequestration of 
an osteochondral fragment. While the exact incidence and etiology 
of OCD remains somewhat controversial, a vast majority of lesions 
occur in the “classic” position on the lateral margin of the medial 
femoral condyle, with a considerable incidence of bilateral disease. 
Generally, adult OCD describes lesions occurring at or after physeal 
closure, although many of these are thought to be progressive se-
quelae of unresolved juvenile cases.

Content: Traditionally, surgeons have relied on radiographic ima-
ging to localize and characterize OCD lesions as well as to evaluate 
skeletal maturity as aprognostic factor. Standard imaging for OCD 
should include AP, lateral, Rosenberg (flexed knee PA) and Mer-
chant (patellofemoral) views. MRI has become a routine diagnos-
tic tool in the evaluation of OCD lesions, which has gained further 
prognostic value with the advent of advanced cartilage imaging 
protocols. Besides skeletal maturity and increased lesions size, a 
subchondral high T2 signal zone in lesions that present with loss 
of surface continuity on T1-weighted images have all been shown 
to be possible predictors of failure in non-operative management. 
Gadolinium enhancement and bone scintigraphy can be helpful in 
distinguishing whether subchondral signal enhancement is owing to 
synovial fluid infiltration or formation of vascular granulation tissue. 
The former indicates disease progression due to loss of surface con-
tinuity and increasing instability (a negative prognostic sign) where-
as the latter implies osseous reconstitution (a positive prognostic 
sign). The progressive nature of symptomatic adult OCD generally 
justifies a more aggressive surgical approach, and the presence of 
unstable or detached fragments in either adult or juvenile disease 
necessitates operative intervention. Partially delaminated grade 1 or 
grade 2 lesions can usually be addressed arthroscopically by using 
bioabsorbable transchondral fixation devices. While interpositional 
fibrous tissue should be removed, extensive subchondral debride-
ment should be avoided. Possible areas of subchondral bone loss 
can be packed with autologous bone graft before definite fixation. 
Salvageable sequestered or loose (grade 3 or grade 4) osteochon-
dral fragments with sufficient (3 mm or more) adherent subchondral 
bone can be reattached either through an arthroscopic or mini-open 
approach if anatomically congruous. This usually involves removal 
of fibrous tissue, curettage and bone grafting of the femoral lesion, 
with drilling to invite neovascularization of the OCD bed. Different fi-
xation methods have been described, including cannulated screws, 
bioabsorbable devices, or autologous osteochondral plugs. While 
reported results have generally been favorable, these methods all 
have inherent disadvantages. Metal screws require eventual remo-
val, bioabsorbable devices have been reported to cause host bone 
reaction, and both can damage juxtaposed articular surfaces or be-
come loose bodies in case fixation is lost. While rare, donor site mor-
bidity and hemarthrosis are possible complications of autologous 
osteochondral graft harvest. Grade 3 or grade 4 lesions with non-
salvagable osteochondral fragments (due to fragmentation or lack 
of adherent bone) pose more of a surgical challenge. Simple loose 
body removal and debridement has been shown to lead to poor 
long-term clinical outcomes and arthritic disease progression, and is 
thus not recommended. Due to the subchondral pathology including 
bone loss commonly encountered in OCD, marrow stimulating tech-
niques are at a distinct disadvantage in treating this condition. While 
least invasive, microfracture generally leads to only fibrocartilage-
nous replacement tissue and has increasingly shown to negatively 
influence revision options due to induction of subchondral sclerosis 
and formation of intralesional osteophytes. Autologous chondrocyte 
implantation (ACI) has led to good clinical results at medium to long-
term follow up in multiple studies. While the use of the ACI sandwich 
technique (with chondrocytes implanted between layers of perioste-
um over autologous bone graft) to address ICRS grade IVb lesions 
has been described in the literature, isolated outcomes of this va-
riant have not been individually reported. Newer generation matrix-
assisted ACI techniques employing different scaffolds promise to 
simplify the concurrent application of bone grafts for use in OCD. 
Likewise, the advent of multilayered acellular scaffolds holds promi-
se as biomimetic conduits for true osteochondral replacement, with 
encouraging early results. Osteochondral grafting techniques are at-
tractive for the treatment of OCD because of their ability to address 
both the osseous as well as the chondral component of the disease 
with a compound graft. Where available, fresh osteochondral allo-
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grafts are generally considered the gold standard treatment for high 
grade OCD. Allografts reliably restore the appropriate joint anato-
my by providing mature, orthotopic hyaline cartilage with an intact 
calcified cartilage tidemark on an osseous scaffold that can restore 
even advanced bone loss associated with ICRS grade IVb OCD lesi-
on. Multiple authors have reported good clinical results with durable 
outcomes at long-term follow up for both autologous and allogeneic 
osteochondral grafts. Recently, renewed interest has been placed 
on optimizing the biological milieu of the joint in cartilage repair, 
including correction of instability and mechanical alignment. Since 
axial varus/valgus malalignment in particular has been implicated 
as contributory in the development of OCD, it stands to reason that 
failure to correct these factors will negatively affect outcomes, re-
gardless of technique. Thus, adjuvant osteotomy is recommended 
to optimize the biomechanical environment of the knee with OCD, 
although this has not been conclusively borne out in the orthopa-
edic literature. In summary, osteochondritis dissecans is seen with 
increased frequency in adolescent and young adult patients, likely 
owing to increased athletic participation and advances in diagnostic 
modalities. Early diagnosis and treatment are important to optimize 
outcomes. An initial attempt at conservative treatment, focusing on 
activity restriction and modification, is usually warranted for stable 
OCD lesions in skeletally immature patients. Adult OCD lesions have 
limited healing potential and unstable lesions usually benefit from 
early operative intervention. Operative treatment options depend 
on lesion size, site, stage as well as patient age and include drilling, 
internal fixation, bone grafting, and different cartilage repair modali-
ties with possible adjuvant corrective osteotomy. 
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6.1.1
Challenges in Understanding Cartilage
E.B. Hunziker 
Bern/Switzerland

Introduction: In the area of cartilage repair, research activity over 
the past decade or so has revolved in circles, not moved forward in 
excitingly new and fruitful directions. The circumstance is the less 
excusable in so far as the technological advancements that have 
been made during this timespan have greatly aided the probing of 
many facets of cartilage biology, thereby permitting an enrichment 
of knowledge and understanding in the targeted disciplines. What 
is now needed is a revolutionary turnaround in our conception of 
cartilage repair and, most importantly, a more thorough and syste-
matic approach to its evaluation. We should not stagnate, but break 
free of the bounds of our comfort zone as represented by the old 
well-worn ruts, the pursuit of which can contribute no more than in-
cremental or cosmetic information to the body of existing data that 
has accumulated over the past decade. 

Content: A fundamental change in the general attitude of scientists, 
PhD-students and supervisors towards the evaluation of cartilage 
repair is also called for. In many laboratories, the analytical process 
is conducted on a rudimentary and insufficiently discriminative le-
vel. Nowadays, repair cartilage is all too commonly presented as a 
tissue that contains lacuna-mantled cells (chondrocytes), that stains 
metachromatically with a cationic dye (such as Toluidine Blue), and 
that manifests immunohistochemical reactivity for type-II collagen. 
Attempts to quantify the characteristics of the tissue are confined to 
parameters that insufficiently describe the true nature of articular 
cartilage. These parameters are gauged using subjective and biased 
scoring systems, such as those propounded by Mankin, O’Driscoll or 
the ICRS etc.. The parameters that are evaluated using these tools 
afford no information relating to the maturation status of the repair 

cartilage, viz., whether it is of a foetal, ontogenetically-transient, 
early postnatal or adult type; nor is any information gleaned as to 
whether the repair cartilage is of a joint-specific type or not. Simi-
larly, these rudimentary evaluations yield no information respecting 
the metabolic status of the tissue, viz., whether the anabolic and 
the catabolic activities are in a state of equilibrium or not. Repair 
cartilage is all too often designated as being “hyaline-like” on in-
sufficient grounds. The tissue needs to be subjected to a rigorous 
analysis: its maturation status should be defined; so, too, should 
its architectonic and ultrastructural features, including the degree 
of anisotropy. These and other structural characteristics should be 
quantified morphometrically, not using subjective scoring systems. 
Another drawback of scoring-system-based approaches is that they 
attempt to evaluate too many parameters, whereas ideally, three 
to maximally four pertinent ones should be evaluated. The impact 
of a repair strategy on the individual parameters can vary greatly 
(ranging from positive to negative), and yet, in the end, an average 
score for all is calculated. Hence, there is the danger that positive 
findings for some parameters will be “diluted” by negative effects 
on others, and, in extreme cases, that falsely-negative results will 
be generated; the reverse situation also holds true. Unfortunately, 
one cannot escape from the reality that scoring-system-based ap-
proaches are subjective and biased, since they attempt to describe 
the situation that appertains within the volume of a defect void from 
two-dimensional images of histological sections without respecting 
the laws of random sampling and stereology. And it is precisely the-
se laws that a morphometric analysis does respect. Investigators 
should not be daunted by the prospect of undertaking a morphome-
tric analysis. Once the basic principles of the approach have been 
grasped, all that is needed for an objective and unbiased evaluation 
of a few pertinent parameters are correctly-sampled tissue-sections 
and an appropriate grid-system. The investigator’s task is then a 
simple “counting” one; moreover, he or she is not burdened with 
the responsibility of “judgement”, which is the case when a scoring 
system is implemented. In addition to structural data, informati-
on appertaining to the post-translational metabolic status of the 
chondrocytes should be derived by monitoring the gene-expression 
levels of representative anabolic and catabolic markers. The con-
ception of truely novel therapeutic approaches to cartilage repair 
is greatly encouraged. But ingenuity alone is not strong enough to 
hold out against the quick-and -easy attitude that has rather shame-
fully become the stamp of our age. 
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6.1.2
Can we manipulate Developmental Biology for Articular Cartilage 
Repair and Regeneration
H. Reddi 
Sacramento/United States of America

Introduction: Developmental Biology is the field of study of develop-
ment of tissues including the bones and associated joints including 
the Articular Cartilage. Tissue Regeneration recapitulates in part the 
developmental biology of Articular Cartilage. Therefore, one could 
in theory apply developmental pathways of articular cartilage for 
the regeneration. Thus, one can deploy the morphogenetic signals 
including morphogens, growth factors and cytokines for repair and 
regeneration of articular cartilage and associated tissues such as 
the meniscus, tendons and ligaments.

Content: Yes one can use developmental signals for Articular Car-
tilage Regeneration. Bone Morohogenetic Proteins (BMPs) and the 
related family of TGF B are critical for cartilage development and 
regeneration. BMPs and TGF B initiate, maintain and promote chon-
drogenesis in the embryo, and are redeployed in cartilage repair and 
regeneration.

The articular cartilage is a durable tissue tissue that lubricates the 
joint and redistributes the compressive loads. These functions are 
impaired following trauma and in osteoarthritis.The regeneration of 
the articular cartilage is a clinical challenge and is an unmet need in 
orthopedic surgery.
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The current goal of our laboratory is the complete and total regene-
ration of articular cartilage. Towards this goal we wish to engineer 
lubrication in Tissue Engineered Cartilage using growth factors and 
morphogens, to direct morphogenesis. Our current work is based on 
the hypothesis that enhancement of superficial zone protein (SZP) 
also known as lubricin and the protein PRG4 in Articular Cartilage 
will improve lubrication and may maintain the bulk mechanical pro-
perties. While several challenges remain we are optimistic that new 
research on mechanotransduction in various zones of the articular 
cartilage, and tissue engineering of cartilage augers well for regene-
ration and lubrication of the new tissues. 

6.1.3
What is Lamina Splendens and What Does it Do?
V. Bobic 
Chester/United Kingdom
Introduction: The uppermost layer of hyaline articular cartilage is 
called the surface layer, the surface amorphous layer, the surface 
lamina or more often the Lamina Splendens. This very thin, film-like 
layer is sometimes seen arthroscopically as transparent, partially 
peeled-off film, usually still attached to otherwise visually intact 
articualting surface. Various optical and electron microscopic ima-
ging studies have shown conflicting and cunfusing morphology and 
structure. Considering its location there is no doubt that Lamina 
Splendens has extremely important articular function as it provides 
a very low friction lubrication surface and contains collagen fibrils 
which run parallel to the surface of articulation. This surface zone 
layer is likely to play a key role in maintaining the mechanical re-
sponse of articular cartilage to load. It is the first region of cartilage 
to degrade in ostroarthritis and yet there is no evidence that it is re-
generated when articular cartilage is repaired, even with autologous 
chondrocytes. (5) 

Image Source: CKC Arthroscopy, Chester UK, January 2015. 

Content: The superficial structure of articular cartilage has been 
frequently studied since the 18th century, when John Hunter noted 
a membrane on the cartilage with a magnifying lens (9), but there 
is no clear consensus about this structure. The structure and com-
position of articular surface remain controversial topics in the lite-
rature. Lamina splendens was described as a bright layer covering 
on the top of articular cartilage by MacConail (8) using phase con-
trasted microscopy. It was then argued as an artifact generated by 
phase contrasted microscopy. Transmission electron microscopy 
(TEM) and scanning electron microscopy (SEM) confirmed the exi-
stent of the lamina splendens. Some authors suggested that lamina 
splendens contained collagen fibres while others argued the lamina 
splendens is amorphous. Confocal microscopy reported that a semi-
transparent membrane on the top of articular cartilage could be phy-
sically peeled off from the rest of articular cartilage and contained 

unique collagen network. The top 10% of cartilage thickness is often 
referred as the superficial zone where the orientation of the colla-
gen fibres is particularly important to tensile strength of the articular 
surface and durability of articular cartilage. The collagen fibres in 
the superficial zone have also been traditionally suggested to align 
predominantly in a direction parallel to articular surface. (1) 

A schematic structure of the collagen network in articular cartilage 
(image above) shows that the interwoven collagen bundles in the 
lamina splendens integrate the obliquely oriented collagen fibres 
and those in the deeper region to form a 3D collagen scaffold, which 
anchors to the subchondral bone. It is well accepted that the 3D col-
lagen scaffold arched on the subchondral bone of articular cartilage. 
It reinforces the swelling pressure of proteoglycan (PG) gel to provi-
de the articular cartilage with loading capacities and considerable 
tensile strength to withstand for wear and shear stresses. Peeling off 
the lamina splendens where the interwoven collagen bundles reside 
reduces the wear and shearing resistance of the articular cartilage. 
It also leads to change of the osmotic pressure in AC and gradually 
release of PGs to the joint cavity. The tensile strength and lateral in-
tegrity of the interwoven collagen bundles permitted peeling off the 
most superficial layer from articular cartilage. This explains why torn 
articular surface occurs during excessive sports and exercises. Image 
Source: Wu JP et al. Journal of Orthopaedic Surgery and Research 
2008, 3:29 Electron microscopy (EM) is the only imaging technique 
that has sufficient image resolution for studying the more detailed 
collagen structure in articular cartilage. However, this technique re-
quires special imaging environments and tissue preparation, which 
may cause artifacts. Confocal microscopy has a higher image reso-
lution than conventional light microscopy. It also allows study of the 
internal microstructure of bulk articular cartilage without dehydra-
ting and physically sectioning the tissue. However, BioAFM (Atomic 
Force Microscope) is capable of looking at the arrangement of col-
lagen fibres and to measure mechanical properties of lamina splen-
dens simultaneously. This new technology has the ability to image 
and examine lamina splendens in new and sophisticated ways. R 
Teshima et al. (3) examined the most superficial layers of human 
femoral head articular cartilage, using polarising microscopy and 
SEM. The most superficial layer, only 4 to 8 μm thick, was acellular 
consisting of collagen fibrils. This layer could be peeled away as a 
thin film, with no broken collagen fibrils on its inferior surface or on 
the surface of subjacent cartilage layers. The orientation and diame-
ter of collagen fibrils were different on these two surfaces. Their fin-
dings suggest that the most superficial layer is an independent one 
which is only loosely connected to the fibrous structure in the layer 
deep to it. Wu JP et al (1) examined the early physiological changes 
of articular cartilage in relation to the 3D collagen network and deve-
loped a 3D histology for study of the 3D collagen network by means 
of monitoring lesions of articular cartilage and early OA. The fibre 
optic laser scanning confocal microscopy used in this study has an 
identical fibre imaging technique to confocal arthroscopy that has 
allowed studying the cellular structure of articular cartilage in vivo. 
They also found that although the interwoven collagen bundles exist 
near the articular surface, the collagen fibres in the superficial zone 
of the normal articular cartilage align predominantly in a direction 
spatially oblique to the articular surface. This agrees with the tradi-
tional suggestions that the collagen fibres in the superficial have a 
predominant orientation to maximize the wear and shear resistance 
of articular cartilage. The predominate collagen orientation may 
also attribute to measurement of the tensile strength of the super-
ficial zone to be greater in one direction However, the relationship 
between the split line and predominate orientation of the collagen 
fibres in the superficial zone has not been confirmed in this study. 
Since the interwoven collagen bundles near the surface of normal 
articular cartialge, this study suggests if the split line represents the 
predominant orientation of the collagen fibres in the superficial, it 
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would only represent the orientation of the oblique collagen fibres 
subjacent. We are trying to learn more about Lubricin, which was 
first isolated from synovial fluid is attributed with many functions 
relevant to its location in the superficial zone of articular cartilage, 
including antiproliferative effects and inhibiting protein or cell adhe-
sion. Probably one of the most important properties, however, is 
that it functions as an efficient boundary lubricant at low striding 
speeds typically seen in joints. Defects in the structure or production 
of lubricin are suspected to be associated with abnormal joint func-
tioning (6). Considering obvious importance of lamina splendens it 
is somewhat surprising that general understanding of its structure 
and function is still relatively basic. Leaving aside poor understan-
ding of various aspects of normal lamina splendens, which no doubt 
requires more research, it is equally important to acknowledge that 
this structure should not be ignored when it comes to articular car-
tilage repair and restoration of weight-bearing articulating surface. 
There is no evidence yet that superficial layer is regenerated with 
any cartilage repair technologies, even when autologous chondro-
cytes are implanted into lesion sites. This is a significant limitation 
that, unless resolved, may lead to the ultimate failure of any articu-
lar cartilage implant as a result of the shear forces in the joint. For 
this reason, it is critical to understand the role of the surface zone 
of cartilage in development, joint function, and pathology. It is also 
essential to consider the importance of repair strategies that can re-
sult in regeneration of the surface zone. Thus, the surface zone of 
articular cartilage is a critical component of the mature tissue becau-
se its collagen fibrils are oriented parallel to the plane of the tissue 
surface and so endow it with resistance to shear forces in the joint. It 
is also a critical component of the immature tissue because it drives 
appositional growth and may allow spontaneous healing when there 
is fibrillation at the surface. It follows that tissue-engineered carti-
lage implants that do not have a lamina splendens will not function 
mechanically in the same way as the natural tissue because they 
will lack resistance to shear forces. Establishing a zone of type II col-
lagen fibrils in the appropriate orientation at the surface should be 
a key aim of any cartilage engineering strategy. Enriching the sur-
face of engineered implants with mesenchymal cells derived from 
the synovial membrane may be a way of reconstructing the lamina 
splendens. Loss of the surface zone early in OA may be devastating 
because it will remove the main driver of the appositional growth 
of cartilage. Failure of repair of the lamina splendens may reflect a 
failure of this niche to function normally in the injured adult joint, 
leading ultimately to cartilage erosion and loss of joint function. 
Tissue engineering solutions will most likely require a recreation 
of the surface zone if the implants are to survive without rapid de-
gradation. (5) As the structure and function of this elusive articular 
layer remains unclear, we have started collaborative imaging project 
on morphologic and structural imaging and functional research of 
animal and human Lamina Splendens at the Institute of Integrative 
Biology at the University of Liverpool, UK (Prof Anthony Hollander) 
and Osaka Health Science University, Japan (Prof Norimasa Naka-
mura). If you have access to potentially suitable imaging and other 
technologies and if you wish to contribute and share the knowledge 
on structure and function of Lamina Splendens please contact us via 
Linkedin and join our Lamina Splendens Interest Group.
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6.1.4
Can the Lamina Splendens be Restored by Cell-Based Cartilage 
Repair?
N. Nakamura 
Osaka/Japan

Content:

Methods&Materials: Safranin O staining, macro- and micro-inden-
tation testing, the combination of scanning electron microscopy 
(SEM) with picrosirius red staining under polarised microscopy, fric-
tion testing, and permeability testing were performed with normal 
and chondral lesions treated with TEC at 6 months after implanta-
tion. The detailed experimental procedures were described in the 
previous studies in details (Ando et al. 2012). 

Results: TEC-mediated repair tissue was cartilaginous with Safranin 
O staining, and had comparable macro-scale compressive proper-
ties with uninjured cartilage (Figure1A,C). However, morphological 
assessments revealed that the superficial zone of TEC-mediated tis-
sue was more fibrocartilage-like, in contrast to the middle or deep 
zones that were more hyaline cartilage-like with Safranin O staining 
(Figure1B). SEM showed a thick tangential bundle of collagen fibers 
at the most superficial layer of uninjured cartilage, while no corre-
sponding structure was detected at the surface of TEC-mediated 
tissue (Figure2A). The lubrication properties of the two tissues was 
similar (Figure2B), however, the surface stiffness of the TEC-repair 
tissue was significantly lower than that of uninjured cartilage (Fi-
gure2C). The TEC-mediated tissue exhibited lower water retaining 
capacity than did uninjured cartilage, specifically at the superficial 
zone (Figure 2D). 

Conclusions: TEC-mediated tissue exhibited compromised mecha-
nical properties at the superficial zone including the Lamina Splen-
dens, properties which need improvement in the future for mainte-
nance of long term repair cartilage integrity. 

Figure1. (A) Safranin O staining of uninjured normal articular cartila-
ge and chondral lesions treated with TEC at 6 months after implanta-
tion. (B) Zonal histology with Safranin O staining of superficial (a,d), 
middle (b,e) and deep (c,f) zone of porcine uninjured cartilage and 
TEC-mediated tissue. (C) Tangent modulus of uninjured cartilage, 
TEC-mediated tissue and those in the untreated group. g: p < 0.05, 
compared to uninjured cartilage. h: p < 0.05 compared to the TEC 
treated group. 
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Figure 2. (A) Scanning electron microscopic (SEM) view of porcine 
normal and chondral lesions treated with TEC at 6 months after im-
plantation. Polarised microscopic view. Arrows: one bright thin fiber 
was observed at the most superficial layer which has been termed 
the lamina splendens. (B) Lubrication properties. (C) The surface 
stiffness. a: p < 0.05, b: p < 0.05 compared to normal cartilage. 
(D) Permeability testing. c: p < 0.05, compared to normal cartilage. 
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7.1.1
Tuning Synthetic Hydrogel Platforms for Cartilage Tissue 
Engineering
S.J. Bryant 
Boulder/United States of America

Introduction: The chemistry, mechanical properties, and degradati-
on profiles of synthetic hydrogels can be readily tuned, thus offering 
the ability to create highly specific environments. The challenge, 
however, is identifying the appropriate properties that support cell 
viability and importantly extracellular matrix (ECM) synthesis, depo-
sition and elaboration, while maintaining functional properties as 
the hydrogel degrades and new matrix is deposited. A mechanically 
stiff hydrogel is ideal for in vivo articular cartilage tissue enginee-
ring; however, the high hydrogel crosslink density that is required to 
achieve a stiffness similar to articular cartilage, impedes diffusion of 
the cartilage-specific ECM molecules and ultimately restricts tissue 
development. The presence of mechanical loading further compli-

cates the design of the hydrogel as loading influences the hydrogel 
environment and ultimately how cells interact with and sense the 
hydrogel. Taken together, there are numerous design challenges as-
sociated with developing synthetic hydrogels for articular cartilage 
tissue engineering. Most notably, these include (a) identification of 
biochemical and biomechanical cues that enhance tissue synthesis 
and (b) tuning the degradation kinetics of the hydrogel to match 
ECM synthesis while maintaining function. To address each of these 
design challenges, our group focuses on (a) designing biomimetic 
and synthetic hydrogels that are inspired by the native ECM of car-
tilage and (b) implementing computational models to help identify 
optimal degradation mechanisms and profiles that match new tis-
sue synthesis. Once developed, our goal is to use the computational 
models to personalize the hydrogel design for a given patient, thus 
offering personalized cartilage tissue engineering approach.

Content: PEG hydrogels were formed by photopolymerization of PEG 
dimethcrylate or thiol-norbornene monomers and methacrylated 
chondroitin sulfate. Bovine chondrocytes were isolated from either 
the femoral condyle of knees of ~3 mo old calves or the metacarpal-
phalengeal joints of 18 mo old calves. Freshly isolated chondrocytes 
were encapsulated at 50 million cells/mL unless otherwise noted. 
Cell-laden constructs were cultured either under free swelling con-
ditions or in custom bioreactors that applied dynamic compressive 
strains in a sinusoidal waveform. The constructs were assessed by 
(a) 35SO4-incorporation into newly synthesized proteoglycans using 
Alcian blue precipitation method, (b) immunohistochemistry for col-
lagen type II (green) and nuclei counterstained with dapi, and (c) 
tangent compressive modulus (0.5 mm/min to 15% strain). Signi-
ficance was assessed by one-way ANOVA (n=3) with Fisher’s LSD 
post-hoc test, p < 0.05. Data are presented as mean with 95% con-
fidence intevals. We employed our multi-scale mechanical model [1] 
with a multi-phasic formulation, incorporating distinct phases of so-
lid (hydrogel), fluid, enzyme and ECM molecules. The model is based 
on mixture theory, Flory-Rehner, rubber elasticity, and degradation 
kinetics based on psuedo first order rate kinetics for hydrolysis and 
Michaelis-Menten kinetics for enzymatic degradation. Cartilage is 
comprised of a high concentration of aggrecan which leads to a high 
density of fixed negative charges in the tissue. While these charges 
contribute to the tissue’s ability to withstand large compressive fo-
ces, they also create a unique environment surrounding the chon-
drocyte. The fixed negative charges attract mobile positive ions 
that lead to an unusually high osmolarity (e.g., 350-400 mOsm) in 
cartilage compared to other tissues. We have developed biomime-
tic PEG-based hydrogels containing covalently tethered chondroitin 
sulfate (ChS), the main glycosaminolgycan in aggrecan [2]. The den-
sity of fixed negative charges can be readily controlled by varying 
the amount of ChS incorporated into the PEG hydrogel. We investi-
gated the role of fixed negative charges, via the incoporation of ChS, 
when combined with dynamic compressive loading. PEG and PEG-
ChS (1% ChS) hydrogels were formed and placed in culture medium 
such that under free swelling conditions, the local osmolarity within 
both hydrogels was similar at ~400 mOsm. Because PEG is a neutral 
hydrogel, salts were added to the culture medium to raise the local 
hydrogel osmolarity to match that of the PEG-ChS hydrogels. Select 
results are shown in Figure 1. Under free swelling conditions, where 
osmolarity was similar, proteoglycan synthesis was also similar in 
both hydrogels. However, under dynamic compressive loading the 
response differed and was dependent on the level of strain. At low 
strains, proteoglycan synthesis was elevated under loading, but 
to a greater degree in the PEG-ChS hydrogel. On the contrary, high 
strains led to inhibition of proteoglycan synthesis in the neutral hy-
drogel, but not in the PEG-ChS gels. These findings suggest that the 
presence of fixed negative charges improves proteolgycan synthesis 
over a neutral hydrogel, but only when dynamic mechanical forces 
are present. This finding points towards the importance of dynamic 
changes in osmolarity, which have been linked to intracellular calci-
um and calcium-mediated proteolgycan synthesis [3]. 
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In addition to biochemical and biomechanical cues, degradation of 
the hydrogel must match that of new tissue synthesis. To address 
this design challenge, we developed a multi-scale computational 
model that describes tissue elaboration within degrading hydrogels 
[1]. Specifically this computational model enables characterization 
of the simultaneous processes involving matrix synthesis and sub-
sequent diffusion (which is dependent on the crosslink density of 
the hydrogel) and of hydrogel degradation (spatial and temporal 
changes in hydrogel crosslink density as crosslinks are cleaved). In 
order for hydrogel degradation to closely match tissue synthesis, 
mechanical integrity must be maintained as the weight bearing pro-
perties transition from the hydrogel to the newly deposited tissue. 
This occurs when hydrogel degradation supports matrix connectivi-
ty prior to complete degradation of the hydrogel (Figure 2). Experi-
mentally, we have probed tuning hydrogel degradation to facilitate 
matrix connectivity by designing hydrogels that degrade either by 
hydrolysis or by cell-secreted enzymes (Figure 2). In the former, the 
hydrogel degrades by water and occurs throughout the hydrogel 
(i.e., bulk degradation). In the latter, crosslinks are cleaved by en-
zymes secreted by cells and therefore degradation occurs in regi-
ons immediately in the vicinity of the cell. We demonstrate that for 
hydrolytically degradable hydrogels, cell concentration is critical to 
achieving matrix connectivty. At lower cell seeding densities (50x106 
cells/ml), the encapsulated cells are too far apart resulting in a lack 
of matrix connectivity concomittant with a dramatic loss in the ove-
rall compressive modulus as the hydrogel continues to degrade. 
On the contrary at high cell seeding densites (100x106 cells/ml), the 
cells are close together enabling matrix connectivity to occur within 
four weeks resulting in an overall increase in compressive modulus 
by nearly 4-fold. Alternatively by creating hydrogels that degrade 
by cell-secreted enzymes, degradation predominantly occurs in the 
regions immediately surrounding the cells where matrix is being 
deposited. In this example, PEG gels were crosslinked with CRDTE-
GEARGSVIDRC, a peptide crosslinker derived from the sequence in 
aggrecan that is recognized by aggrecanases [4]. We observed that 
matrix connectivity could be achieved at lower cell seeding densities 
(50x106 cells/ml) without a dramatic loss in mechanical properties. 
Overall, these findings point towards a combination of degradation 
mechanisms and profiles that are suitable for cartilage tissue engi-
neeirng, but which must capture matrix connectivity prior to comple-
te gel degradation to maintain mechanical integrity. 

Overall, synthetic hydrogels can be designed to mimic key ECM mo-
lecules of cartilage and tuned to degrade in a manner that matches 
newly depositing tissue. We demonstrate the importance of a char-
ged matrix in enhancing tissue synthesis under dynamic mechani-
cal compression, suggesting an important mechanical regulator of 
chondrocytes. In addition, we demonstrate the utility of our multi-
scale computational model in capturing key phenomena observed 
experimentally. We are currently further validating our computato-
nal model and developing hydrogels that containing both charge 
and degradable moieties to enhance cartilage tissue engineering.
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7.1.2
Making correct choices for application of scaffolds for cartilage 
repair
A.P. Hollander 
Liverpool/United Kingdom

Introduction: The first generation of cell therapies did not utilise 
scaffolds. MACI and related techniques have progressed the field by 
combining cells and biomaterials. The future may well depend on 
tissue enbgineering approaches where cartilage is pre-matured oin 
vitro prior to implantation. Therefore careful thought needs to be 
given to slection of an scaffold that is most appropriate for a parti-
cular therapy.

Content: The use of scaffolds to augment cartilage repair is now 
commonplace (1 - 8) and it is easy to take for granted the need to 
choose carefully which particular scaffold to use. It will often be 
tempting to reach for the scaffold that is already available in your 
laboratory or one that is already CE marked for clinical use. But there 
are several key aspects to consider when selecting the most appro-
priate scaffold if the ultimate aim is to scale up production of a cell 
therapy in order to treat a large number of patients. Some of these 
key considerations are discussed here although the list is not ex-
haustive and specific therapies may have unique features to taker 
into account. 

Natural or synthetic: natural products may be more expensive and 
harder to assure consistency but cells may more easily adhere 
to them than synthetic scaffolds. The development of synthetic 
membranes with adhesion sequences could overcome this problem 
in the future.

Mechanical properties. It is critical to understand if the scaffold 
needs to provide permanent structural support, temporary structu-
ral support (until it is replaced with regenerated tissue) or no struc-
tural support at all. For example, a scaffold that is essentially acting 
as a cell delivery device may not need to provide any structural sup-
port. On the other hand, where scaffold is implanted into a weight-
bearing region with no pre-maturation of tissue in vitro then it may 
be desirable for the scaffold to have good mechanical properties 
that will contribute to in vivo survival of the implant.

Handling properties of the scaffold could strongly influence the ac-
ceptability of a new cell therapy by surgeons. A material that is ideal 
in terms of the cell therapeutics but mechanically fragile and very 
hard to handle may never see the light of day from a clinical or com-
mercial perspective.

A scaffold that is already CE marked may speed up the time to clinic 
for new therapies but this should not be the overriding factor. In the 
end it is more important to find the optimal material than to rush to 
the clinic through the easiest regulatory route with a sub-optimal 
material.

Another key aspect is assuring long-term supply of the chosen scaf-
fold. If a particular cell therapy relies on a unique scaffold provide 
by a single supplier then you need to be sure of the long-term sta-
bility of the company and its commitment to producing the scaffold. 
Otherwise development of your therapy may have to cease because 
of a change in the company strategy or production cost of the ma-
terial.

Enhancing potency of the cell therapy will always remain the key 
characteristic that can be monitored in vitro. However it is essential 
to have a reliable and straightforward potency assay that allows you 
to screen a range of scaffolds and compare them in a way that leads 
to effective decision-making.

A systematic approach to addressing each of these aspects early in 
the life of a development project will save a lot of time and expense 
and may make the difference between success or failure of your cell 
therapy. Basic scientists working on a new cell therapy technology (1 
- 8) can avoid future problems by holding early discussions with sur-
geons who will use their invention and biomaterials suppliers who 
will make it feasible. By working together we can be more effective 
in creating new treatments patients who are relying on us to help 
them out.
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7.1.3
Human Cell Conditioned Media and Extracellular Matrix Reduce 
Inflammation and Support Hyaline Cartilage Formation
G. Naughton1, D. Grande2, K. Masuda3, E. Pinney1, M. Zimber1 
1San Diego/United States of America, 2Manhasset/United States of 
America, 3La Jolla/United States of America

Introduction: Current approaches to regenerating orthopedic tis-
sues following trauma or disease are limited due to several factors 
including autologous graft availability, donor site morbidity and 
pain, allogeneic and xenogeneic immunogenicity and pathogen 
transmission concerns. To offset some of these safety and effica-
cy issues, we have developed a bioengineered human multipotent 
stem cell-derived conditioned medium (CCM) and extracellular ma-
trix (hECM) that consist of a variety of growth factors and matrix pro-
teins that promote wound healing and regeneration. Given the me-
senchymal lineage of these multipotent cells, it was identified that 
the hECM and CCM may provide benefit in orthopedic indications. 
The CCM and hECM were biochemically characterized by ELISA and 
western blotting methods and evaluated for their potential to sup-
port the in vitro growth of bone marrow-derived mesenchymal stem 
cells as a medium supplement and a substrate coating. In addition, 
using established animal models, the CCM and hECM were found to 
ameliorate inflammatory responses and regenerate osteochondral 
defects. The data demonstrates that bioengineered CCM and hECM 
have significant potential as a human-source therapeutic to treat a 
variety of clinically significant orthopedic conditions. 

Content: Human fibroblasts, grown in hypoxic suspension culture, 
revert into multipotent stem cells as evidenced by the upregulation 
of SOX 2, Oct4, NANOG, and KLF4 genes, and by the expression of 
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stem cell-associated proteins including Nodal, Brachyury, Nestin, 
and Oct4. The multipotent cell conditioned media (CCM) was cha-
racterized by ELISA and western blotting methods and shown to 
contain osteonectin (SPARC), decorin (29.6 ng/mL), follistatin (198.0 
ng/mL), noggin (723.0 ng/mL), TGF beta1 (3.0 ng/mL), bFGF (2.9 ng/
mL), and hyaluronic acid (24.4 ug/mL), as well as VEGF (122.0 ng/
mL). In addition to the soluble material, the hypoxic cells secrete an 
insoluble human extracellular matrix (hECM) that contains compon-
ents associated with stem cell niches in the body and scarless hea-
ling of fetal skin. These proteins include a variety of laminins, oste-
onectin, decorin, hyaluronic acid, collagen type IV, SPARC, CXCL12, 
NID1, NID2, NOTCH2, tenascin, thrombospondin, fibronectin, versi-
can, and fibrillin-2. This material can be manufactured reproducibly 
under GMP conditions and has been shown to support proliferation 
of hESCs, human mesenchymal stem cells (MSCs), as well as se-
veral differentiated cells types. In vitro studies demonstrated that 
the CCM and ECM promoted the adhesion, proliferation and migra-
tion of bone marrow-derived MSCs. Medical device materials were 
coated with the insoluble hECM or lyophilized-reconstituted hECM 
using a passive dipping method or covalent bond photoactivation 
technique. Subcutaneous implant studies in mice with hECM-coated 
PPE and PET polymer devices has shown its ability to significantly 
reduce foreign giant body cell infiltration at two weeks (p< 0.05) 
and reduce the average fibrous capsule thickness observed out to 
12 weeks (p<0.05). These positive effects were not changed with 
either ethylene oxide or electron beam sterilization. These results 
are consistent with in vitro studies which demonstrated that the 
hECM does not stimulate human dendritic cell activation, further 
supporting the biocompatibility of the hECM. The CCM and hECM 
were evaluated in an ex vivo rabbit intervertebral spinal disc model 
to study the effects of these materials in an environment where an 
extensive inflammatory response was induced by thrombin injec-
tion. Compared to untreated controls, both the CCM and hECM treat-
ment significantly down regulated the expression of the inflammato-
ry cytokine genes IL-1, IL-6, TNF-alpha, as well as the genes encoding 
the extracellular matrix degrading enzymes MMP3, and ADAMTS4, 
while upregulating aggrecan expression in the annulus fibrosus and 
nucleus pulposus tissue. The hECM was used in an in vivo rabbit 
studies to demonstrate its potential as an orthopedic wound hea-
ling matrix to promote the regeneration and repair of a full-thickness 
articular cartilage defect. Femoral osteochondral defects were crea-
ted and left untreated or filled by injection with the hECM slurry im-
mediately following injury. Histological observation at eight weeks 
showed that the controls had poor tissue growth with scarring, while 
the hECM-treated defects showed excellent mature bone and hyali-
ne cartilage formation exemplified by the presence of a tide mark 
and integration into the adjacent cartilage. No ectopic tissue growth 
or inflammatory reactions were seen in the hECM treated defects. 
This data demonstrates that the bioengineered CCM and hECM have 
significant potential as novel orthobiologics to reduce inflammation 
and promote cartilage regeneration and healing in the articulating 
joint and intervertebral spinal disc.
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7.2.2
Does the Micro Fracture Work in the Hip?
B. Domb 
Westmont/United States of America

Introduction: The treatment of articular cartilage damage in the hip 
remains a challenging problem facing orthopedic surgeons due to 
its limited healing and regenerative potential[1]. Microfracture in the 
setting of hip arthroscopy has been studied to a limited degree[2-4]. 
The objective of microfracture is to bring marrow cells and growth 
factors from the underlying bone marrow into the affected chondral 
defect. By penetrating the subchondral bone, pluripotent marrow 
cells can emerge to form new fibrocartilage to fill the chondral de-
fect. Penetration of the adjacent subchondral bone stimulates plu-
ripotent mesenchymal stem cells, which fill the chondral defect and 
form cartilaginous tissue[5]. Histology of the microfractured lesions 
has shown a fibrocartilaginous-type tissue that replaces the chon-
dral defect[6-8]. The advantages of microfracture include the abi-
lity to access a large surface area of the acetabulum and femoral 
head, cost-effectiveness, minimal morbidity and is straightforward 
to perform. Clinical outcomes of microfracture in the hip have been 
favorable in the absence of osteoarthritis (OA), with no significant 
complications reported[2, 9, 10].

Content: Much of our knowledge for the treatment of articular car-
tilage defects has been extrapolated from the knee literature[11-13]. 
The indications in the knee include focal and contained lesions, usu-
ally less than 400mm2 in size[14]. Microfracture has been a valuable 
treatment option for articular cartilage defects in the knee since its 
development in the early 1980s[14-16].

Indications include full-thickness cartilage defects and unstable car-
tilage flaps overlying subchondral bone. Contraindications include 
patient unwillingness or inability to adhere to demanding rehabilita-
tion protocol, specifically weight bearing restrictions, degenerative 
OA or systemic immune-mediated disease. Age and size of lesion 
are not specific contraindications, but microfracture is generally 
preferred for smaller lesions <4cm2. Additional joint pathologies 
should also be addressed when performing microfracture. Full be-
nefits of microfracture are usually not seen in knees for a minimum 
of six to 12 months, with continued improvement lasting up to two 
years and leveling off.

Our site has published two studies on microfracture, the first being 
a case series in Hip International and the second a matched-pair 
controlled study in Arthroscopy. The results of our studies offer 
new insight into a procedure, which has been extensively studied 
in other joints. Our case series demonstrated statistically signifi-
cant clinical improvement in PRO’s after receiving microfracture 
during arthroscopic hip surgery at minimum two-year follow-up. 
Our matched-pair controlled study reported that patients receiving 
microfracture during hip arthroscopy did not show a statistically 
significant difference in PRO scores when compared to a matched-
pair control group at two-year follow-up. Both groups demonstrated 
significant improvement in all PRO scores. These results show that 
microfracture appears to be a viable treatment option for grade IV 
cartilage damage identified at the time of hip arthroscopy. Further-
more, full thickness chondral defects may not necessarily portend 
an inferior functional prognosis when treated with microfracture.

In summary, the management options for full thickness chondral 
defects in the hip are currently limited. Microfracture for isolated 
lesions is a reproducible and technically simple procedure that is 
associated with improved patient outcomes. The size and

location of lesions best managed with this procedure as well as sup-
plementary treatments that may improve the quality of the type of 
cartilage formed are still under investigation.

7.2.5
Do we Need Osteotomies as well as Cartilage Repair?
O. Mei-Dan1, C. Pascual Garrido2 
1Aurora/United States of America, 2New York/United States of 
America

Introduction: Structural instability of the hip is known to be pre-
sent in patients with hip dysplasia. The lack of coverage can lead to 
subtle or frank instability while overloading of the articular cartilage 
can lead to joint degeneration. 
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Content: Structural instability of the hip is known to be present in 
patients with hip dysplasia. The lack of coverage can lead to subtle 
or frank instability while overloading of the articular cartilage can 
lead to joint degeneration. The acetabulum of a dysplastic hip typi-
cally is characterized by a shallow articulating cavity, an excessively 
oblique acetabular roof, and decreased acetabular coverage of the 
femoral head. Other instability patients may present with an increa-
sed femoral anteversion. Femoral version is defined as the angular 
difference between the axis of the femoral neck and transcondylar 
axis of the knee. This is also referred to as the femoral torsion, being 
the sum of the two. Normal adult anteversion ranges between 10 
and 20 degrees. Abnormal femoral torsion may cause abnormal joint 
stresses, leading to subsequent degeneration of the labrum and the 
anterior acetabular articular cartilage, hip pain and secondary oste-
oarthritis at an early age. The natural history of the unstable hip is 
not well known, but is estimated that 40-50% of patients with hip 
dysplasia develop OA before the age of 50 years and that approxi-
mately 50% have their first reconstructive surgeries before the age 
of 60 years. However, many of these patient become disabled due 
the associated pain and can not perform daily and sport activities 
before they turn 30. The Patient The typical patient with structu-
ral-functional instability secondary to dysplasia is usually a young 
adolescent or adult who complains of groin pain. Female comprise 
the majority of the cases. In contrast with FAI patients, the pain is 
not only activity related. If the patient has concomitant FAI, which 
occurs in more than 50% of these patients, limited range of motion 
with deep flexion and IR will be evident. A snapping psoas tendon 
and IP (iliopsoas) tendinitis is often present. This occurs more in 
patients with anteverted femur, secondary to the constant friction 
between the femoral head and the IP tendon. Patients with ante-
rior dysplasia or/and excessive torsion of the femur will develop 
anterior labrum tears and chondral lesions reproducing pain with 
the quadrant or impingement test but also at rest. Internal rotation 
in flexion at 90 degrees varies from patient to patient and depicts 
the severity of hip dysplasia and whether a cam lesion is present 
concomitantly. It is also important to check range of motion in the 
prone position to assess femoral or acetabular excessive version . 
Patients with anteverted femurs normally present excessive internal 
rotation of the hip with the knee bent to 90° in the prone position. 
Computed Tomography (CT) scan with 3-dimensional reconstruction 
is used to assess acetabular version, early joint space narrowing, 
socket versions, subchondral cysts and determine associated CAM 
lesions. In those patients with anteververted femurs cuts are perfor-
med including both femoral neck and distal femoral condylar axial 
views to obtain femoral torsion measurements, as well as full-length 
scanogram to assess for possible leg-length discrepancy. In cases 
of clinical suspicion for pathological tibial torsion, CT views are ex-
tended to the proximal tibia and ankle joint, to obtain tibial torsion 
measurements MRI and D-GMERIC are used to assess intra-articular 
pathology commonly seen in these patients such as lig teres tears, 
torn and hyperthropic labrums. Cartilage quality is also assessed 
and confirmed before deciding to proceed with an osteotomy. When 
to treat structural instability and how? In symptomatic patients, 
if left untreated is thought to potentially lead to early degenerative 
joint disease. Once pain has developed in these patients, non ope-
rative treatment will not result in further improvement. Surgical hip 
preservation procedure should not be performed if patients has al-
ready developed significant early OA signs. Correcting cartilage da-
mage, whether localized sub chondral cysts or exposed bone after 
the debridment of loose cartilage flap, without correcting the under-
line instability patho-anatomy causing the instability, would result 
in long term failure. same way we will no repair hip labral tear wit-
hout correcting the FAI characteristics. The stages to address these 
patient would be: 

Hip Arthroscopy: Hip arthroscopy is performed in all patients with 
hip dysplasia-structural or functional instability. Arthroscopy allows 
to treat intra-articular pathologies such as labrum tears, CAM lesi-
ons, lig teres tears and chondral lesions. Sixty percent of patients 
with hip dysplasia will have intra-articular pathology. Normally hip 
arthroscopy is performed one week before the PAO-DFO is perfor-
med. 

PAO is indicated in those patients with CE angle less than 20 and 
roof angle more than 10 degrees or with excessive acetabuar ante-
version.

DFO (derotational femoral osteotomy) is indicated in those patients 
with symptomatic anteverted femurs of more than 35 degrees in the 
set up of normal to borderline anteverted sockets. 
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7.3.1
Repair or Resect: Current Evidence
S. Rodeo 
New York/United States of America

Introduction: This lecture will consider the role of the menisci and 
the clinical indications for meniscectomy, meniscus repair, and me-
niscus replacement.

Content: The role of the meniscus in load transmission across the 
tibiofemoral joint is well-established. Because the menisci increase 
the contact area and decrease contact stress, loss of meniscus struc-
ture and/or function increases the risk of degenerative joint disease. 
Meniscectomy can reliably improve symptoms, which are typically 
pain, swelling, and occasionally mechanical symptoms of catching 
or even locking. Historical studies of total meniscectomy report ra-
tes of symptomatic arthritis in over 30-40% of patients at long-term 
follow-up. As the importance of the menisci in knee function beca-
me more evident, the concept of meniscus preservation with par-
tial meniscectomy became the standard. Contemporary studies of 
arthroscopic partial meniscectomy report predictably good results 
in knees with minimal degenerative changes, with successful out-
come reported in approximately 80 to 90% of patients at long-term 
follow-up. Poorer outcomes are seen in patients with degenerative 
tears and concomitant degenerative cartilage changes, with success 
rates of 60 to 70% in this group. Clinical studies have also demons-
trated more rapid progression of degenerative changes in the lateral 
compartment than in the medial compartment following meniscec-
tomy. Based on the well-known morbid sequelae of meniscectomy, 
it follows that meniscus preservation by repair rather than removal 
should be done whenever possible. The primary consideration in 
repair versus resection is based on the healing potential of the me-
niscal tissue, which is determined primarily by blood supply. Tears 
in the peripheral 25% of the meniscus have potential to heal due 
to adequate vascularity. The quality of the meniscal tissue is also 
an important factor in determining healing potential, with poorer 
healing expected in the setting of intrinsic degenerative changes in 
the meniscus. Other factors to consider are knee instability, patient 
age and tear chronicity. Healing in the intra-articular environment 
is a slow and imperfect process. The presence of fibrinolysates in 
the post-operative / inflammatory environment prevents formation 
of the fibrin clot that is necessary as a scaffold to support the initial 
reparative response. Laboratory studies demonstrate that cells from 
all regions of the meniscus have the ability to respond to cytokines 
with cell proliferation, matrix synthesis, and chemotaxis, suggesting 
the intrinsic potential for meniscus healing. Furthermore, cells on 
the meniscus surface have been found to express α-smooth muscle 
actin, indicating a contractile capacity which could contribute to gap 
closure. All of these factors indicate the potential to harness me-
niscus biology to induce healing. There is now increasing interest 
in methods to augment meniscal healing biology, with approaches 
such as application of bone marrow-derived cells, collagen scaf-
folds, etc. Further work is required in this area. An important and 
largely unanswered question is whether the repaired/healed menis-
cus functions normally. Even if the meniscus heals effectively, the 
material properties of the healed tissue are likely not normal, sug-
gesting abnormal function in load transmission in the tibiofemoral 
joint. There is some early data suggesting a protective effect of the 
repaired meniscus compared to knees that have undergone menis-
cectomy. The clinician faced with the decision to repair versus resect 
a torn meniscus will be aided by further information about the pos-
sible function of the repaired meniscus. The next frontier will be me-
niscus transplantation with human allograft tissue or replacement 
with synthetic or tissue-engineered materials. Ongoing research in 
the area of biomaterials as well as meniscus biology will hopefully 
lead to development of novel solutions for meniscus replacement. 
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7.3.2
Stem Cells for Meniscal Repair
C. Vangsness, Jr. 
Los Angeles/United States of America

Introduction: Arthroscopic meniscal repair and debridement are 
some of the most common procedures performed in the field of 
orthopaedic surgery. Further, recent research has suggested poor 
long-term outcomes for patients with meniscectomies with increa-
sed incidence of osteoarthritis, leaving a need to develop techno-
logy to regenerate meniscal tissue following meniscectomy. Me-
senchymal stem cells (MSCs), are cells that can be harvested from 
multiple organs and retain the ability to differentiate into a variety of 
tissues, including osteoblasts, adipocytes, and chondroblasts. They 
have been shown to stimulate the regeneration of meniscal tissue in 
several animal models and recently in humans, as well. This presen-
tation reviews the current research and clinical data regarding me-
senchymal stem cells, specifically with regard to post meniscectomy 
meniscus growth with stem cells.

Content: Methods: Pubmed, Index Medicus and Google scholar were 
searched for publications regarding the use of MSCs in the context 
of meniscal regeneration. The key words were stem cell, meniscus, 
meniscus repair, and meniscus growth. Review of the Literature: A 
multitude of animal studies have been completed to evaluate the 
functionality of MSCs in the setting of meniscal growth. Early studies 
on both small and large animals investigated how MSCs respond to 
meniscal injury, and it has become well established that MSCs are 
recruited to injured menisci and are able to adhere to this site. Fur-
ther trials in large animals show that MSCs are necessary to heal 
meniscus tears in the avascular zone, as neither autologous bone 
marrow nor platelet rich plasma have demonstrated the ability to 
improve meniscal healing. With regard to harvest site, bone marrow 
derived mesenchymal stem cells (BM-MSCs) have been shown to 
regenerate meniscal tissue in both large and small animal models. 
Additionally, they have been demonstrated to repopulate an absent 
meniscus when seeded onto scaffolds, as well as replicate both the 
histology and stiffness of the native meniscus. Adipose-derived 
mesenchymal stem cells (ASCs) have also been noted to adhere 
to meniscal lesions in the avascular zone and increase the rate of 
meniscal healing in rabbits. The antigenicity of MSC injection has 
been investigated in animal models, which demonstrated that while 
minor mismatched MSCs better regenerated meniscus lesions than 
major mismatched MSCs, no immunologic reactions were elicited. 
Further, the data did not suggest any malignant tissue formation in 
large or small animal models. There is a paucity of data regarding 
human meniscus regeneration following meniscectomy with MSCs. 
One double blind randomized control study investigated the injec-
tion of large and small doses of allograft MSCs derived from bone 
marrow aspirates of non-HLA matched donors, demonstrating no 
major complications, as well as a greater than 15% short term incre-
ase in meniscal volume. Conclusion: Mesenchymal stem cells have 
demonstrated the ability to aid in the regeneration of the meniscus. 
MSCs from multiple organs of origin have demonstrated this ability, 
though no study has demonstrated and superiority by MSC site of 

origin. Further work needs to be done to evaluate the specific me-
chanism of regeneration and the mechanical and cellular properties 
of this repaired tissue. Future study must be done to evaluate this 
treatment in the human model.
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7.3.3
Meniscal Scaffolds, Indications, Technical Pearls & Outcome
T. Spalding 
Coventry/United Kingdom

Introduction: The deleterious effects of total and partial meniscec-
tomy are well established as are the benefits of “saving the menis-
cus” [7,13,4,14]. Where this cannot be achieved by meniscal repair 
one alternative is via meniscal scaffold augmentation. This “off the 
shelf” option avoids the need and wait for a matched allograft with 
the inherent theoretical immune response and disease transmission 
risk from such a tissue[11].

Content: MENISCAL SCAFFOLDS Meniscal scaffolds were introdu-
ced in the early nineties with the aim of providing a structure that 
allows ingrowth of meniscus-like tissue. There are currently two 
such scaffolds available in Europe: The Collagen Meniscus Implant 
(CMI®-Ivy Sports Medicine GmbH, Gräfelfing, Germany) was the first 
meniscal scaffold used for the treatment of partial meniscal defi-
ciency. Originally known as CMI, it has also been called Menaflex, 
before recently reverting to its former name. It consists of purified 
bovine type-1collagen (achilles tendon) and a small amount of gly-
cosaminoglycan, forming a defined stable matrix scaffold. As it is 
the oldest scaffold, there are significantly more studies assessing 
its safety, chondral effect and efficacy. Biopsies have shown that it 
is extensively reabsorbed by 12-18 months and replaced by fibro-
cartilaginous tissue[2]. Actifit (Orteq, London, UK) is a synthetic 
polymer scaffold consisting of 80% biodegradable polyester (poly-
caprolactone) and 20% polyurethane. It was extensively tested in 
animal models before being introduced to human clinical use [12]. 
The polyester portion is designed to provide elasticity and control 
degradation, whilst the polyurethane part is designed to provide 
mechanical strength. This makes the Actifit stiffer than the Collagen 
Meniscus Implant with easier handling characteristics for insertion. 
Indications Meniscal scaffolds are indicated in patients with activity 
related symptoms, ideally for a minimum of six months post partial 
meniscectomy. There is no supportive evidence in performing acute 
scaffold augmentation at the time of initial meniscectomy[8]. Pati-
ents should have undergone an incomplete, but subtotal, meniscec-
tomy with intact anterior and posterior horns to allow for anchorage 
of the scaffold on the host tissue must be present, along with an 
intact meniscal rim for hoop stress support. The articular surfaces 
should be International Cartilage Repair Society (ICRS) grade 2 or 
less. In ICRS grade 3a, where the chondral loss is more than 50% 
thickness, a scaffold may be suitable if the area is relatively small. 
Implantation can be combined with cartilage repair procedures but 
the result of such combination is unclear. Unsuitable patients inclu-
de those with extruded or deficient meniscal rim as it will not provi-
de the required support, and where the articular surface is worn to 
the calcified layer (ICRS 3b) or down to bare bone, as it is likely to be 
too abrasive to the scaffold and compromise the regeneration po-
tential. Surgical Technique Although both scaffolds are different in 
construction, the surgical techniques are identical. Step1: Preparati-
on of the meniscal bed Fashioning a rectangular defect by trimming 
of the meniscal remnant to the peripheral/ outer vascularised zone 
so as to encourage ingrowth and cell colonization of the scaffold. It 
is crucial, however not to compromise the outer 2mm of host circum-
ferential meniscal fibres otherwise the hoop stress support will be 
lost. Step 2: Sizing the scaffold The length of the defect is measured 
and the implant is cut (10% oversized) and manipulated into place, 
through an enlarged portal Step 3: Securing the implant Fixation is 
achieved using a combination of different meniscal repair methods, 
depending on the surgeon’s experience. We recommend that su-
tures are inserted in a horizontal configuration manner for best cap-
ture of the meniscal tissue[3]. Usually all-inside suture systems are 
used for the posterior horn, inserted from the ipsilateral portal and 
the opposite portal to ensure perpendicular access for the anterior 
sutures. Out-to-in sutures can be used for the anterior third. Sug-
gested post operative protocol: Patients are encouraged to follow 
a strict program involving a graduated return to flexion and weight-
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bearing over an eight week period as detailed by guidelines for each 
product. By three months patients should have full flexion and be 
able to walk on the flat without the knee swelling. Running and im-
pact joint loading activities are avoided for six months before buil-
ding up to full pivoting activities at nine months at the very earliest. 
Full maturity of the implant continues over an 18-24 month period. 
Outcomes and Discussion Clinical evidence on meniscal scaffolds 
are of limited quantity, with a recent systematic review identifying 
only 2 randomised control trials (RTCs) and 13 case series[6]. Unsur-
prising most (12) involve the CMI scaffolds as these were available 
the longest, two on the Actifit and only one study comparing the two 
types of scaffold directly. Their outcomes demonstrated that the 
patients’ average age was 37 years old (range 16-67) with a failu-
re rate of 10.25% (at 5 years?) and approximately 5% implant rela-
ted complications[6]. Interestingly the two randomised trials failed 
to demonstrate improvement post meniscal scaffold implantation. 
One was on cohorts who underwent high tibial osteotomies (HTOs) 
and were randomised into a group with and without meniscal scaf-
fold implantation[5]. This study had small numbers and high drop-
out rates. Conversely in another study with 30 patients undergoing 
HTO alone vs. HTO + meniscal scaffold either with collagen or poly-
urethane, those receiving the scaffold demonstrated better outco-
mes irrespective of the type of scaffold used at 12 months [9]. The 
second RCT had 311 participants and had two participant groups: 
chronic meniscal deficiency (prior partial menisectomy) and acute 
meniscal deficiency (no previous surgery)[8]. The follow up was 7 
years and they found that the chronic group treated with Collagen 
Meniscus Implant had improved outcomes compared to partial me-
nisectomy, but the acute group did not. A prospective multi-centre 
trial, involving our own centre , observed improvement in outcomes 
at 24 month follow-up with the use of scaffolds (Actifit) for lateral 
meniscus augmentation[1]. Our units’ published experience, a case 
series of 23 patients with a minimum 12 month follow-up, in terms of 
regenerative tissue present, confirmed improvement of PROMs, and 
maintenance of the articular cartilage but we observed mixed results 
on direct inspection with second look arthroscopies [10]. In 2012 the 
National Institute for Health and Care Excellence (NICE, UK,.) publis-
hed a guideline on partial meniscal replacement using a biodegra-
dable scaffold (NICE guideline IPG430). They noted that there were 
no safety concerns over scaffolds but that evidence for meniscal 
scaffolds was limited in quantity. They therefore advised that further 
research was required and that surgeons should only undertake the 
procedure with special permissions. CONCLUSION The deleterious 
long term consequences of menisectomy are now well known. It is 
evident from the low PROMs baseline that patients undergoing me-
niscal reconstruction have a significant disease burden, especially 
when considering their young age and physical demands. Meniscal 
reconstruction techniques have been shown to provide significant 
symptomatic benefit to patients but we must wait for more metho-
dologically sound studies to be able to answer and quantify the long 
term chondroprotective benefits.
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7.3.4
Meniscus Transplantation: Solution or A Bridge Procedure?
B. Cole, A.K. Tilton, M. Smith 
Chicago/United States of America

Introduction: Partial or complete menisectomy results in negative 
biomechanical and biological consequences for the knee. Patients 
often experience pain, effusion, and recurrent swelling as increased 
tibiofemoral contact pressures lead to bipolar disease, resulting in 
a push in the orthopedics community towards meniscal preserva-
tion rather than removal. However, for patients in which meniscal 
preservation is not possible, allograft meniscal transplantation has 
emerged as a meniscal-sparing procedure that can restore near-nor-
mal knee function and anatomy, thus relieving pain and improving 
function for patients.

Content: The typical meniscal transplant candidate is a non-obese 
patient under 50 years old with a prior knee injury, prior meniscal 
surgery and persistent pain. Absolute indications for meniscus trans-
plant include an absent meniscus, pain, or instability in the setting 
of a previous ACL tear. Comorbidities must be corrected and cartila-
ge must be intact before performing meniscal transplant. Emerging 
indications for allograft meniscus transplant include painless effusi-
ons, ipsilateral overload, and radiographic progression of meniscal 
disease. Contraindications to allograft meniscus transplant include 
femoral or tibial flattening, tibiofemoral subluxation, serious cartila-
ge disease (> ICRS Grade III), inflammatory arthritis, infection or sy-
novial disease in the joint. Preoperatively, it is important to perform 
both anterior-posterior (AP) extension and AP flexion radiographs 
because some meniscal pathology may not be visible on extension. 
MRI should be performed to assess focal cartilage defects, ligamen-
tous instability, remaining meniscal tissue and subchondral edema. 
Arthroscopy is the gold standard for determining whether or not a 
patient is a good candidate for meniscal transplant. Graft selection 
is an important part of preoperative planning because meniscal al-
lografts are both size- and compartment-specific. The appropriate 
size graft can be predicted by the patient’s height, weight and ge-
nder or by correlating bony landmarks with soft tissue measures on 
radiographs (Pollard method). Magnification on radiographs and 
the harvesting practices of the specific tissue bank must be taken 
into account during the sizing process. The distance between the 
tibial spine and tibial plateau on AP radiograph is measured from 
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the meniscal width (1:1 ratio). Meniscal length can be measured as a 
portion of the depth of the tibial plateau on lateral radiograph: 80% 
of the medial meniscus and 70% of the lateral meniscus. Properly 
sizing the meniscus transplant is important because oversized al-
lografts lead to increased tibiofemoral contact forces, while under-
sized grafts lead to increased meniscal forces. Approximately 10% 
size mismatch is acceptable. Bony insertions should be maintained 
in order to replicate normal tibiofemoral mechanics. Several tech-
niques are available for allograft meniscus transplantation. Bony 
fixation can be achieved through separate bone plugs in the anterior 
and posterior horns or with bone bridges (bridge-in-slot, dovetail, 
keyhole or trough techniques). Either plugs or a bridge can be used 
for a medial transplant, while lateral transplants are only perfor-
med with a bone-bridge technique because of the close proximity 
of the anterior and posterior horns on the lateral side. We prefer the 
bridge-in-slot technique because it restores tibial femoral contact 
forces on the medial and lateral sides, can be performed with con-
comitant procedures, and requires only small incisions. Chondral 
defects, malignment and ligamentous instability can be addressed 
as staged or concomitant procedures with allograft meniscal trans-
plant. When simultaneously performing a cartilage restoration pro-
cedure (e.g. autologous chondrocyte implantation or osteochondral 
allograft) and a meniscal transplant, the cartilage repair should typi-
cally be performed after meniscal transplant. This avoids accidental 
damage to the repaired cartilage during the meniscal transplant. A 
high-tibial osteotomy (HTO) to correct malalignment combined with 
allograft meniscal transplant has been shown to result in better out-
comes than either procedure alone by improving contact pressures 
and protecting the transplanted tissue. For neutral knees, correction 
to 3 degrees of mechanical valgus results in maximum benefit, and 
realignment to varus has been shown to improve contact pressures. 
The meniscal transplant should be completed prior to HTO becau-
se insertion of the meniscus requires significant varus and valgus 
stress that could compromise the osteotomy. It may be necessary 
to combine an ACL repair with allograft meniscal transplant, espe-
cially because an intact ACL is necessary to protect articular cartila-
ge and the meniscus. In this case, a modified bridge-in-slot, or split 
bone block, technique with transosseous sutures is used where 
the ACL graft can pass through two small bone blocks instead of 
a single large bone block. The posterior block is passed first, then 
the femoral side of the ACL graft is passed and fixed. The anterior 
block is passed next followed by fixation of the tibial ACL. Finally, 
the meniscus is sewn into place. The literature supports good to ex-
cellent results following allograft meniscal transplant performed in 
isolation or concurrently with other procedures. In the largest study 
of allograft meniscal transplant outcomes to date, McCormick and 
colleagues reported the outcomes of 172 patients who underwent 
mensical transplant with minimum 2 year follow-up (mean follow-
up 59 months). Isolated meniscal transplant was performed on 40% 
of the patients, and meniscal transplant with concomitant cartilage 
repair, osteotomy or ACL repair was performed on 60% of the pa-
tients. While results demonstrated an overall graft survival rate of 
95% at mean 5-year follow-up, 32% (64 patients) underwent sub-
sequent surgery during the study period. Of those requiring addi-
tional surgery, arthroscopic debridement was the most commonly 
performed procedure (n=38). Eight patients underwent revision al-
lograft meniscal transplant and ultimate arthroplasty. Patients who 
underwent surgery within 2 years of meniscal transplant were 8.4 
times more likely to eventually require revision mensical transplant 
or arthroplasty. Overall, studies have demonstrated positive results 
with improvement in clinical outcomes for patients treated with allo-
graft meniscus transplant. Failure rates are 10-20% at an average of 
4.6 years following surgery when failure is defined as graft destruc-
tion or removal, revision meniscal transplant or knee arthroplasty. 
Measurable reductions in pain and improvement in patient function 
and satisfaction are demonstrated in roughly 85% of cases with pro-
per patient selection. There is a trend toward better results in more 
recent studies, reflecting a collective improvement in graft proces-
sing, surgical techniques, and patient selection criteria. Clinical data 
establishes the short-term efficacy of allograft meniscal transplant 
in alleviating symptoms and preventing the progression of articular 
degeneration, while long-term data suggests that meniscal transp-
lant benefits are limited to a five to seven year timeframe.

References:

1. Cole BJ, Dennis MG, LeeSJ, et al. Prospective Evaluation of 
Allograft Meniscus Transplantation A Minimum 2-Year Follow-up. 
The American journal of sports medicine. 2006;34(6):919-927.

2. Saltzman BM, Bajaj S, Salata M, et al. (2012). Prospective long-
term evaluation of meniscal allograft transplantation procedure: 
a minimum of 7-year follow-up. The journal of knee surgery.2012; 
25(2):165-175.

3. Lee AS, Kang RW, Kroin E, Verma NN, Cole, BJ.Allograft meniscus 
transplantation. Sports medicine and arthroscopy review. 2012; 
20(2), 106-114.

4. Kang RW, LattermannC, Cole, BJ. Allograft meniscus 
transplantation: background, indications, techniques, and 
outcomes. The journal of knee surgery. 2006; 19(3):220-230.

5. Noyes FR, Barber-Westin SD, Rankin M. Meniscal transplantation 
in symptomatic patients less than fifty years old. The Journal of Bone 
& Joint Surgery, 2004; 86(7): 1392-1404.

6. McCormick F, Harris JD, Abrams GD et al. Survival and Reoperation 
Rates After Meniscal Allograft Transplantation Analysis of Failures 
for 172 Consecutive Transplants at a Minimum 2-Year Follow-up. The 
American journal of sports medicine.2014; 42(4): 892-897.

7. van der Wal RJ, Thomassen BJ, van Arkel, ERA. Long-term clinical 
outcome of open meniscal allograft transplantation. The American 
journal of sports medicine, 2009; 37(11): 2134-2139.

8. Yanke AB, Chalmers PN, Frank RM, Friel NA, Karas V, Cole BJ. 
Clinical outcome of revision meniscal allograft transplantation: 
minimum 2-year follow-up. Arthoscopy. 2014.

9. Chalmers PN, Karas V, Sherman SL,Cole BJ. Return to high-level 
sport after meniscal allograft transplantation. Arthroscopy: The 
Journal of Arthroscopic & Related Surgery. 2013; 29(3); 539-544.

10. Kang RW, Chen AL Triad of cartilage restoration for 
unicompartmental arthritis treatment in young patients. The journal 
of knee surgery. 2009; 22: 137-141. 

11.1.1
We all carry an experience that others might profit from
R. Jakob 
Motier/Switzerland

Introduction: The aim of this session is simply to present interesting 
situations that surgeons and scientists can learn from. Contributors 
of the Symposium will focus on complications specific to our field 
of cartilage repair and articular surgery. To introduce the session 
and explain why, we have prepared some challenging reflections on 
complications and decision making, starting with a definition. For 
the real message, consider the quote above!

Content: Definitions and meanings Wikipedia Definition: Complica-
tion, in medicine, is an unfavourable evolution of a disease, a health 
condition or therapy. A medical treatment, such as drugs or surgery 
may produce adverse effects and/or produce new health problem(s) 
by itself. Therefore, a complication may be iatrogenic, i.e., literally 
brought forth by the physician. There are sayings among surgeons: 
‘’If you did not yet meet that complication then that means you 
have not operated on enough cases”. Or “Only he, who operates 
little, has no complications!” 

With these statements we understand that occasional complications 
are almost guaranteed with an intensive surgical life, such as infec-
tions, where the percentage is statistically determined despite the 
best precautions. Patients with fractures or crush injuries or surgery 
at the knee level are at risk of neurological or vascular complications 
- sometimes life-threatening, including acute compartment syn-
drome, rhabdomyolysis, and fat embolism syndrome. Though rare, 
surgeons need to be alert and be able to recognise the key signs 
and symptoms. Surgeons must know the time frame for decisions to 
solve the limb or life-threatening problems. Such learning has to be 
balanced against the issue of limited working hours for residents in 
training with a special concern for non-met critical volume - ie seeing 
a particular complication and being able to respond.

Facing up to complications “Good results comes from experience, 
experience however comes from poor results”. 
Surgeons acquire handicraft and surgical skills in a given special-
ty through training and experience. They are still allowed however 
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to have complications, and when they do occur it is best to accept 
them and consider the reasons why. There are then, of course, 
many observations as to the ‘why’. Let us consider ‘indications’: If 
the number of complications exceeds the statistical frequency by 
a given surgeon it is all about indications, it could be argued. The 
pressures of non clinical factors in decision making are apparent and 
need to be faced and addressed.

If a complication occurs with surgery for a “weak” indication it 
weighs all the heavier and not unfrequently it carries with it a law 
suit. A solid “indication policy” is a reason to use a certain treatment 
based on sound judgement which 3 other colleagues would back up. 
We observe that interestingly there are no ‘indication conferences’ 
to focus and strengthen the surgeon’s intention and give confidence 
to the patient. Maybe this would prevent law suits and costly “worst 
cases”. “Unfortunately being honest does sometimes not evident-
ly pay. The honest doctor finishes often by paying”. (Rossier) “All 
which can happen, will happen one day”.

The wide range of medicine means that there is a wide range of pos-
sible complications, and just because something is rare does not 
mean vigilance does not have to be given. Mistakes are often for-
gotten as surgeons do not collect them in a private file, and a case 
discussion or desperately necessary “Epicrisis”, is not performed. 
Surgeons are poor at looking back and reappraising something with 
scribbled down thoughts, drawings and pictures to find out where 
the mistake happened, and when and by which gestures and pre-
cautions it could have been avoided.

‘’Don’t forget the biology’’ The general rules of biology will be more 
precious than all the textbooks on techniques! All too often a surgeon 
becomes a victim to technology and the seduction of the surgeon’s 
psychomotor skills by glamorous instruments, while perhaps for-
getting (or choosing to forget) both about the human being to whom 
the knee belongs; and to the biology, biomechanics, and behaviours 
that will ultimately dictate surgical success or failure. 

Symposium

In this Symposium speakers will share their worst encounters and 
throw more light to justify their stand on the case. Criticalities, un-
expected events and crisis management would be part of the dis-
cussion.

11.2.1
Controlled Release in Musculoskeletal Applications
K. Shakesheff 
Nottingham/United Kingdom

Introduction: Controlled release systems can enhance the clinical 
efficacy and safety of drugs and cell therapies, simplify and accele-
rate clinical administration routes and strengthen intellectual pro-
perty protection of new products. In musculoskeletal applications 
any controlled release system must be designed with an awareness 
of the biomechanics of the delivery site, the duration of action re-
quired for tissue repair and cost effectiveness of the therapy. In this 
talk I will present a new controlled release system that is designed 
for musculoskeletal applications and specifically for the minimally 
invasive delivery of drugs and cells with enhanced control of the lo-
cation of action.

Content: We have developed a family of controlled release systems 
that can deliver cells and molecules with precise control of location 
and release kinetics after administration through narrow bore need-
les. We use temperature sensitive biodegradable polymer particles 
as the foundation of this technology. At room temperature the ma-
terials are low viscosity fluids and on injection into the body a phase 
change in the material creates a highly porous matrix with proper-
ties that can be tuned to the clinical problem.(Qutachi et al., 2014) 
For controlled release of drugs, small molecules, nucleic acids and 
proteins, we can control the rate of drug release by modifications 
to polymer blend compositions. The polymer particles can be highly 
porous and depending on the formulation they can undergo a pro-
cess called liquid sintering after injection to form a strong scaffold 
structure. Recently we have focused on the intracellular delivery of 
DNA, RNA and whole proteins. Our goal is to access intracellular pa-
thways, for example, delivery of transcription factors to stimulate 
proliferation and/or differentiations processes. For drug delivery 
we can achieve release kinetics that control drug presentation for 
2 days, 1 week up to 3 months.(White, Kirby, & Cox, 2013)The me-

thod of drug incorporation and release is largely independent of the 
molecular characteristics of the drug. For cell therapy we propose 
that microparticle based controlled release systems can improve the 
retention of cells at sites of administration (compared to injection 
of cell suspensions) and can ensure receptor-mediated cell adhesi-
on to a substrate throughout the administration process. We have 
also demonstrated the co-delivery of drugs and stem cells via nar-
row bore needles.(Bible et al., 2012)Hence, the controlled release 
system can act as a life-support system for the cell therapy through 
the late stages of manufacturing through to the engraftment phase. 
Finally, we are also using our biomaterials to enhanced cell biopro-
cessing. We have new thermoresponsive materials that facilitate 3D 
culture of cells and allow passaging without enzymatic treatment. 
The biomaterials can act as a host for cell expansion and an integra-
ted delivery system. In summary, we propose new delivery systems 
that overcome major hurdles in the development of robust products 
for drug and cell delivery in regenerative medicine. These biomate-
rials can enhance product intellectual property protection, simplify 
clinical administration and enhance safety and efficacy. 
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11.2.3
Future Trends
L. Creemers 
Utrecht/Netherlands

Introduction: Although the concept of achieving a sustained pre-
sence of drugs and regenerative factors in musculoskeletal patho-
logy and repair is not new, biomaterial-based delivery in cartilage 
regeneration is still in its infancy. Several new research areas and 
technologies, often most advanced in oncology research, will be in-
strumental in making this approach optimally successful.

Content: Biomaterial development will generate new materials for 
local delivery that can be induced to release their content, either 
by local, pathological, processes or by triggers applied outside the 
body, i.e. “delivery on demand”. The chemical make-up of bioma-
terials may include molecular motifs that are susceptible to clea-
vage by specific enzymes, such as extracellular matrix degrading 
enzymes. External triggering can consist of light-based stimuli, or 
for example as is done in the so-called microbubble technology, of 
ultrasound. Further advancement in biomaterial research will be re-
quired to ensure the delivery vehicles used will not be harmful or 
interfere with the active substances released. Further advancement 
in basic biomaterial research will be required to ensure the delivery 
vehicles used will not be harmful or interfere with the active subtan-
ces released. Another tool further enabling successful introduction 
of local delivery as regenerative and antidegenerative treatment 
is noninvasive imaging, such as 19F-MRI or Near Infrared Imaging 
(NIR), which will aid in fine tuning delivery and release. Labelling 
the delivery vehicles, be it solid constructs or nano-or microcarriers, 
but also of active compounds will reveal their respective retention 
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and presence in the joint. Mass Spectrometry Imaging specifically 
can show final tissue distribution of the released compounds, with 
high resolution and allows for the correlation with biological effects 
by simultaneous detection of drug and biological markers of rege-
neration or degeneration. Eventually, many of these imaging tools 
can be adapted to image drug/growth factor effectivity, for example 
using NIR-labelled probes that measure disease activity. Important-
ly, one should realise that the joint is a complex structure consisting 
of many types of tissues. Delivery of the right cues to the right loca-
tion will greatly enhance effectivity. This can be achieved by using a 
hydrogel in a cartilage defect, but also by using targeting strategies, 
such as coupling receptor ligands or antibodies against specific tis-
sue structures to micro- and nanocarriers to direct these to the right 
location. With respect to the compounds to be delivered, these may 
on the long run include silencing oligonucleotides, to specifically 
target one specific protein, or gene vectors that allow for the local 
production of regenerative factors by native cells. As proteins are 
relatively unstable, and recombinant technology is expensive, eno-
genous production after gene transfection may be a more viable op-
tion. However, here clinical application is still hampered by various 
setbacks such as difficult to control in vivo delivery, endosomal es-
cape of nucelotides required for their silencing activity and off-target 
effects. Finally, from the side of fundamental research, studies into 
the effects of long term exposure to substances normally cleared 
quickly after intrarticular injection or present at only low concen-
trations in the course of systemic administration will be required. 
This will encompass research on the temporal and local effects at 
the local tissue level but also on cellular processes activated. All in 
all, application of all of these tools and technologies to take these 
treatments to the patient will typically be a concerted effort of multi-
disciplinary and collaborative research groups.
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11.3.1
The Role of Loading in Cartilage Repair Rehabilitation
K. Hambly 
Chatham/United Kingdom

Introduction: Optimal loading has been defined as “the load applied 
to structures that maximises physiological adaptation”.1 Musculos-
keletal rehabilitation utilises loading for the purpose of eliciting spe-
cific positive tissue responses, such as increases in peak strength, 
endurance or range of motion, through the selection of modalities 
and their delivery parameters. Progressive tissue loading is exten-
sively used in rehabilitation to stimulate structural, biochemical and 
neuromuscular adaptations whilst minimising the risk of reinjury. 

Content: Musculoskeletal tissues, including articular cartilage, are 
highly sensitive to their mechanical environments. Chondrocytes 
are mechanosensitive with mechanical forces modulating adaptati-
on processes through mechanotransduction pathways.2 Mechanical 
stimulus is crucial to the maintenance of healthy articular cartilage. 
Reduced loading in the form of non- or partial weight bearing has a 
direct negative effect on articular cartilage thickness and stiffness 
within a relatively short period of time.3 Following cartilage repair, 
an adequate mechanical stimulus is required to maintain cartilage 
and joint homeostasis and promote the positive effects of loading 
without exceeding the pathophysiologic properties of neo-cartilage 
repair tissue. Healthy articular cartilage has a linear positive dose 
response to loading up to a threshold point4, after which mechanical 
loading results in extracellular matrix degradation. However, inju-
red tissue responds differently to mechanical loading, the threshold 
point is lowered, and adaptation is dependent on tissue healing 
timescales. One of the main objectives of cartilage repair surgery is 
to provide a durable repair tissue that is able to accept physiological 
loads associated with functional activity. The influence of loading on 
cartilage is complex and joint loading in vivo is a complex interaction 
of parameters. Rehabilitation is heavily reliant on the ability to mani-
pulate loading but the optimal way to manage loading after cartilage 
repair has not yet been established. Loading variables include the 
nature, magnitude, direction, frequency, duration and intensity of 

loading.1 Over the last twenty years the time to full weight-bearing 
following ACI tibiofemoral cartilage repair has reduced from 12 to 6 
weeks.5 Knowing the time to full-weight bearing provides a valua-
ble insight into loading, albeit with the inherent issues associated 
with the accuracy of partial weight-bearing.6 However, in order to 
quantify total load it is necessary to consider additional parameters, 
for instance the number of steps per day, distance covered and the 
walking to recovery ratio. Cartilage takes time to recover following 
loading. Eckstein et al. (1999) found that 90 minutes was required 
for patellar cartilage to recover after 100 knee bends.7 The load to 
recovery ratio is therefore an important aspect within rehabilitation. 
Management of loading in rehabilitation often focuses on magni-
tude of load at the expense of the variety of loading necessary for 
optimal functional recovery.1 It is not sufficient to focus solely on the 
rehabilitative needs of the cartilage repair tissue. Optimal functio-
nal rehabilitation requires rehabilitation of all the musculoskeletal 
tissues in conjunction with the psychological rehabilitation of the 
person. It is important to consider the role of components such as 
muscle strength, endurance, flexibility etc. play in the rehabilitati-
on needed for functional restoration following surgery. For athletes, 
this involves consideration of alternative training methods that have 
the potential to achieve training goals but at lower levels of joint loa-
ding, for example using positive air pressure treadmills or aquatic 
therapy. New mechanical interventions that have the potential to ef-
fect cells and tissues through physical forces outside the traditional 
physical therapies are also being explored.8 One of the difficulties 
facing cartilage repair rehabilitation is the ability to directly quantify 
loading response of the cartilage tissue in vivo. Indirect measures 
for loading have been evaluated in other areas of musculoskeletal 
rehabilitation. For example, perceived loading as rated by the Borg 
CR10 scale has been found to have a moderate to strong correlation 
with normalised EMG activity during resistance exercises.9 At pre-
sent, loading in cartilage repair rehabilitation is heavily reliant on 
clinical measures such as range of motion, manual strength, pain, 
swelling and heat. This situation is further compounded by the fact 
that outcome studies of cartilage repair do not generally provide suf-
ficient detail regarding loading parameters during rehabilitation.10
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11.3.2
Quantifying & Progressing Knee Loading - Implications for 
Exercise Selection
D. Logerstedt 
Philadelphia/United States of America

Introduction: Joints are exposed to a variety of external and internal 
loads during activities of daily living and sports. Articular cartilage 
can handle these varying degrees of mechanical loading, whether 
it is shear or compression forces. However, under loading or over-
loading the joint can have detrimental effects on cartilage. Acute 
and chronic high-level loads or reduced loads can have catabolic 
responses to the cartilage.

Content: Articular cartilage injuries are prevalent with almost one 
million individuals being affected annually. Articular cartilage inju-
ries are increasing with the rise in participation in cutting and pi-
voting sports and are associated with pain, swelling, and decrea-
sed function. Articular cartilage lesions that initially are small and 
asymptomatic and left untreated can increase in size, resulting in a 
painful knee joint. Articular cartilage damage after traumatic knee 
injuries increases the risk of cartilage degradation in all three knee 
compartments. Upward of 50% of adolescent athletes participating 
in cutting and pivoting sports undergoing knee surgery have articu-
lar cartilage injuries. While articular cartilage injury can occur duri-
ng traumatic events or chronic aberrant joint-loading patterns from 
joint instability or malalignment, these lesions can restrict an indi-
vidual from participation and predispose them to progressive joint 
degeneration. Consequently, articular cartilage damage is a strong 
risk factor for the development of osteoarthritis after knee surge-
ries. In order to improve clinical and functional outcomes of articular 
cartilage injuries, a better understanding of the mechanistic factors 
after cartilage injury and subsequent surgery is warranted.

In order to improve the clinical management and outcomes of pa-
tients after cartilage repair, it is imperative to understand the me-
chanistic factors predisposing the cartilage repair tissue to dama-
ging joint loads. Although several factors, such as age, symptom 
duration, lesion characteristics, body mass index, and preinjury 
activity level, can affect outcomes after cartilage repair, the current 
practice guidelines for joint loading after cartilage repair are predi-
cated primarily on clinical experience. Movement asymmetries are 
nearly ubiquitous following knee surgeries. Abnormal joint motion 
has been suggested to be an instigating factor in the initiation and 
progression of osteoarthritis in the ACL-injured knee. After ACI sur-
gery, aberrant movement patterns are present, specifically reduced 
knee motion during weight acceptance and decreased sagittal plane 
moments, and can persist for months, and alter joint loading. These 
gait deviations may promote further cartilage damage through re-
duced shock absorption and increased joint loading, predisposing 
the knee to degenerative changes. After an anterior cruciate liga-
ment injury and/or reconstruction, altered joint loading is the result 
of underloading of the acutely injured compared to the uninjured 
knee. Specifically, altered joint kinematics and kinetics may cause 
inappropriate loading on the healing cartilage repair tissue, there-
fore disrupting the healing process. Although knee loading has been 
studied in several other models, little data exists on joint mechanics 
during gait in patient with cartilage repair.

While nonmodifiable factors, lesion characteristics and surgical de-
cisions influence healing and rehabilitation processes, the impact of 
mechanical loading plays a substantial role in the success or failure 
after cartilage repair. The effects of loading from exercise on articu-
lar cartilage have reported a favorable physiological response that 
has driven the use of loading for cartilage repair. Rehabilitation after 
cartilage injury and repair is critical in order to optimize the healing 
tissue and maximizing patient function. Rehabilitation should fo-
cus on optimizing the environment that would allow for adaptation 
and healing to the repair tissue. In an effect to accomplish this, a 
systematic, criteria-based progression is constrained by the biolo-
gical healing properties of the repair tissue and surgical technique, 
symptomology of the patient, joint biomechanics, neuromuscular 
physiology, the magnitude and timing of the mechanical loads, and 
the demands of the patient’s activity-specific needs. Furthermore, 
due to the complex nature of cartilage repair and variable defect 
characteristics and comorbidities, an individualized rehabilitation 
approach should be used for every athlete following articular car-
tilage restoration.

Systematic approach to rehabilitation incorporates progressive joint 
loading through graded exercises and stepwise weight-bearing acti-
vities. Quantifying and monitoring appropriate loading through ap-
propriate exercise prescription is paramount in achieving success-

ful outcomes. While high compressive and shear loads early after 
cartilage repair can negatively affect chondrocyte metabolism, low 
mechanical forces can promote cartilage formation and nutrition. 
The incorporation of loading exercises can conceptually framed as 
optimizing joint stress. The use of continuous passive motion (CPM) 
and stepwise weight-bearing activities has been recommended as a 
standard treatment after cartilage repair. Once clinical milestones 
are achieved, an individual can begin controlled gradual progression 
of mechanical loads on the repair tissue to further stimulate carti-
lage healing while preventing excessive overload. This progression 
allows the tissue to become stronger and more resilient as higher 
and multiplanar loading are introduced. To monitor the progression 
of loads, pain and swelling can be used as indicators of accelerated 
progression or tissue overload. Soreness rules and effusion grading 
are reliable in symptom monitoring and exercise and activity pro-
gression. Furthermore, individuals should be able to demonstrate 
the ability to tolerate lower loading demands without pain or swel-
ling.

In conclusion, quantifying and progressing joint loads is critical in 
cartilage tissue healing and patient outcomes. A systematic, step-
wise progression of gradual controlled loading is recommended 
to allow an individual safe return to activity and maintain cartilage 
health.
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11.3.3
Muscle Strength & Knee Loading patterns in athletes with 
articular cartilage defects
H. Silvers 
Los Angeles/United States of America

Introduction: The risk of articular cartilage injury in the athlete is 
quite high and often occurs in concert with acute injury (ACL, me-
niscal) and with chronic and repetitive loading forces associated 
with participation in sport.1,2,3,4,5,6 Damage to the articular cartilage 
surface often leads to functional impairment or inability to perform 
athletically. Interventions designed to address the violation of the 
integrity of the articular cartilage surface is exceedingly challenging 
due to the extraordinary demands of movement associated with 
high athletic performance. 

Content: Surgical repair of the articular cartilage has been shown 
to statistically restore the articular cartilage integrity and allow ath-
letes to return to their prior level of sporting participation.7 In a re-
cently published systematic review, Mithoefer et. al. found that in 
the twenty studies (N=1363) analyzed with an average follow-up 
of 42 months, 73% of participants were able to return to their prior 
level of sport.7 An additional systematic review analyzed the func-
tional outcome scoring systems utilized in research publications. Of 
the 26 studies analyzed, three activity scales and five knee specific 
instruments were utilized; leading to heterogeneity in reporting and 
a paucity of data analysis with respect to rehabilitation and functio-
nal outcomes.10 Pre and post-operative rehabilitation is an integral 
component of the treatment algorithm and should integrate the type 
of surgical repair, the diameter, location and depth of the defect, the 
athlete’s age, concomitant or prior injury history, and the sport-spe-
cific demands.7,8 The rehabilitation protocol must be criterion based 
and if conceivable, should be paired with a biomechanical analysis 
to objectively calculate and visualize ground reaction forces during 
loading patterns. This knowledge will allow the physical therapist 
to optimize the patient’s therapeutic exercise prescription to allow 
equal distribution of loads across the entire joint surface and avoid 
adverse and excessive mechanical loading at the lesion site.8 The 
optimal goal for the surgical and rehabilitation intervention of the 
athlete is to initiate optimal return to sport at the pre-injury level, 
continue sports participation throughout the sporting career and 
thereafter, and to significantly reduce the inherent risk of reinjury or 
further degradation of the original defect site and the surrounding 
tissue(s). There is a significant potential for adverse loading to the 
articular cartilage surfaces after ligamentous or meniscal injury.1,2,3 
After conservative and/or surgical management, the biological hea-
ling process of tissues must ensue in order to optimize movement 
without compensatory kinematic patterns. Abnormal gait patterns 
apply excessive tensile and compressive forces on the articular 
cartilage surfaces, which may deter optimal healing. The long term 
consequences of pathokinematic gait are well documented.5,9 Ster-
giou et al reported that the excessively high tibial rotation forces 
(transverse plane) occur in ACL deficient and reconstructed athletes, 
which may increase the likelihood of osteoarthritis development in 
this cohort.11 The scientific community must continue to seek homo-
geneity in our functional outcome tools, continue to optimize sur-
gical interventions, refine the pre and post-operative intervention 
techniques and incorporate the utilization of biomechanical analysis 
to ensure that adverse joint loading is not excessive nor does it app-
ly deleterious forces to the articular cartilage surface. 

References:

1. Ajuied A, Wong F, Smith C, et al. Anterior Cruciate Ligament Injury 
and Radiologic Progression of Knee Osteoarthritis: A Systematic 
Review and Meta-analysis. Am. J. Sports Med. 2013.

2. Barenius B, Ponzer S, Shalabi A, Bujak R, Norlén L, Eriksson K. 
Increased Risk of Osteoarthritis After Anterior Cruciate Ligament 
Reconstruction: A 14-Year Follow-up Study of a Randomized 
Controlled Trial. Am. J. Sports Med. 2014:1-9.

3. Feucht MJ, Cotic M, Saier T, Minzlaff P, Plath JE, Imhoff AM, 
Hinterwimmer S. Patient expectations of primary and revision 
anterior cruciate ligament reconstruction. [published online ahead 
of print Oct 2 2014]. Knee Surg Sport. Traumatol Arthrosc 2014.

4. Janssen RPA, du Mée AWF, van Valkenburg J, Sala HAGM, Tseng CM. 
Anterior cruciate ligament reconstruction with 4-strand hamstring 
autograft and accelerated rehabilitation: A 10-year prospective 
study on clinical results, knee osteoarthritis and its predictors. Knee 
Surgery, Sport. Traumatol. Arthrosc. 2013;21:1977-1988.

5. Lohmander LS, Englund PM, Dahl LL, Roos EM. The long-term 
consequence of anterior cruciate ligament and meniscus injuries: 
osteoarthritis. Am. J. Sports Med. 2007;35:1756-1769.

6. Lohmander LS, Ostenberg A, Englund M, Roos H. High prevalence 
of knee osteoarthritis, pain, and functional limitations in female 
soccer players twelve years after anterior cruciate ligament injury. 
Arthritis Rheum 2004;50(10):3145-3152.

7. Mithoefer K, Hambly K, Della Villa S, Silvers H, Mandelbaum BR. 
Return to sports participation after articular cartilage repair in the 
knee: scientific evidence. Am J Sports Med. 2009 Nov;37 Suppl 
1:167S-76S.

8. Mithoefer K, Hambly K, Logerstedt D, Ricci M, Silvers H, Della Villa 
S. Current concepts for rehabilitation and return to sport after knee 
articular cartilage repair in the athlete. J Orthop Sports Phys Ther. 
2012 Mar;42(3):254-73. doi: 10.2519/jospt.2012.3665. Epub 2012 
Feb 29. Review.

9. Noyes FR, Dunworth LA, Andriacchi TP, et al. Knee hyperextension 
gait abnormalities in unstable knees. Recognition and preoperative 
gait retraining. Am J Sports Med. 1996;24:35–45.

10. Santos-Magalhaes AF, Hambly K. Measuring physical activity 
and sports participation after autologous cartilage implantation: 
a systematic review. J Sport Rehabil. 2014 Aug;23(3):171-81. doi: 
10.1123/jsr.2013-0044. Epub 2014 Apr 3.

11. Stergiou N, Ristanis S, Moraiti C, Georgoulis AD. Tibial rotation 
in anterior cruciate ligament (ACL)-deficient and ACL-reconstructed 
knees: A theoretical proposition for the development of 
osteoarthritis. Sports Med. 2007;37:601–13 

11.3.4
Functional Restoration & Expectations
J.S. Howard 
Lexington/United States of America

Introduction: The goals of cartilage repair are typically two fold, de-
crease pain and restore function. The concept of functional restora-
tion may be very unique to the individual patient, and can be highly 
dependent on patient preoperative expectations. Discussing rea-
listic expectations with patients regarding post-operative recovery 
prior to cartilage repair may be key to patient engagement in post-
operative rehabilitation and overall patient satisfaction with treat-
ment outcomes. Part of that discussion must address the timeline 
for functional restoration following cartilage repair. It is imperative 
that patients understand that postoperative recovery may take two 
years or longer, and a continued commitment to the maintenance of 
joint function is necessary.

Content: Current literature regarding body structure and function 
and activity performance following cartilage repair demonstrate that 
broad deficits are long lasting post cartilage repair. Altered gait me-
chanics have been observed 12 month following matrix-induced au-
tologous chondrocyte implantation (MACI).[1] Persistent quadriceps 
weakness has been observed as late as 5 years following MACI[2], 7 
years following autologous chondrocyte implantation (ACI), [3]and 
as late as 9 years among mosaicplasty patients[4]. Functional per-
formance deficits of 15% or more on the involved limb have been 
observed among 30% of patients 2 years removed from ACI surge-
ry.[5] Similar results have been observed among patients following 
microfracture with 30% of patients demonstrating deficits of 20% 
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or more for the single-leg hop for distance an average of 7 years 
post-surgery.[6] However, limb symmetry values of >90% have 
been observed 9 or more years following MACI and microfracture, 
suggesting that restoration of neuromuscular function is feasible in 
these patient populations.[4,7] The frequent observance of functio-
nal imbalances may be the result of numerous contributing factors 
that have not been well delineated, including muscle atrophy, neu-
romuscular inhibition, and psychosocial considerations such as ki-
nesiaphobia and catastrophizing. Clearly existing research supports 
the need for not just initial rehabilitation periods that address mo-
vement and strength, but for an extended rehabilitation and long-
term maintenance plan addressing the multifaceted challenges as-
sociated with restoring neuromuscular and biomechanical function. 
The restoration of neuromuscular and biomechanical function while 
addressing psychosocial responses to injury is likely imperative to 
patients successfully resuming activity participation at optimal le-
vels. Few studies have examined true participation outcomes, such 
as return-to-work or return-to-sport. Even many of the common pati-
ent-reported outcome measures fail to ask about the patient’s lived 
experience in the context of activities that are of value to them. Of 
those studies that have reported return-to-sport status it should be 
noted that many have focused on high level or professional athletes 
particularly in the sport of soccer. Younger, high level athletes, with 
a short duration of symptoms have consistently shown higher levels 
of return-to-sports than lower level or recreational athletes. [8-11] 
Systematic reviews of the literature have calculated return-to-sport 
rates for individuals returning to their pre-injury level as 59-68% 
for microfracture, 71-78% for various forms of ACI, and 70-93% for 
osteochondral autograft transplantation (OATs).[10, 11] The same 
reviews reported overall time to return-to-sports as 8-17 months 
following microfracture, 18-25 months following ACI, and 6.5 to 7 
months following OATS. [10,11] More recent literature has reported 
a return-to-sport rate of 88% for OATs combined with anterior cru-
ciate ligament(ACL) reconstruction and 82% for microfracture com-
bined with ACL.[12] Elsewhere, 85% of pediatric patients undergoing 
surgical treatment for osteochondritis dissecans of the patella or 
trochlea have been observed to return-to-sport[13], while return-to-
sport rates of 74-85% have been reported following meniscal trans-
plantation[14]. Among those that initially returned to sports at their 
preinjury level, at an average of over 4 years following return-to-
sport, 52% of microfracture patients, 96% of ACI patients, and 52% 
of OATs patients reportedly continued to participate at those levels.
[10]. The relationship between neuromuscular and biomechanical 
function and return-to-sport has not been well studied. However, it 
is anticipated that improved muscle function and biomechanics may 
aid individuals in their attempt to return to and maintain sport par-
ticipation. Future investigations into this relationship are critical for 
establishing evidence-based return-to-sport guidelines in the area 
of cartilage repair, particularly given that functional deficits have 
routinely been reported to persist at the time points when athletes 
are currently returning to sports participation. One factor missing 
from many of these studies is what the patients’ intentions or ex-
pectations are regarding return-to-sport prior to surgery. For many 
patients failure to return-to-sport at the preinjury level may be a de-
cision based more on life factors than on physical function, and as 
such should not be considered a poor treatment outcome. However, 
even those patients whose expectations do not include returning 
to sports activity, must understand that diligent rehabilitation and 
maintenance are needed to optimize joint function for everyday life 
activities following cartilage repair.
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13.1.1
Clinical Assessment & Imaging Options
P. Niemeyer 
Freiburg/Germany

Introduction: Although recently numerous new technologies have 
been introduced, careful preoperative evaluation of patients with 
cartilage defects before surgery is fundamental for selection of the 
appropriate treatment protocol and therefore represents the basis 
for good clinical outcome. Doing so, defect characteristics, under-
lying pathologies, preoperative history and individual patient’s cha-
racteristics have to be taken under account. Therefore, preoperative 
evalution should consider various aspects.

Content: Against the usual assumption only a small number of carti-
lage defects can be considered real „traumatic“ while the majority is 
caused by underlying factors such as malalignment, incongruence, 
instability and others even if the patient identifies an event associa-
ted with the occurrence of symptoms. Therefore, careful evaluation 
of the underlying factors – which can be find in the vast majority of 
the cases - is essential in order to identify the necessity for conco-
mitant procedures. This analysis includes standard test for stability, 
alignment test both for femorotibial and patellofemoral pathologies 
and even more comprehensive analysis including search for poten-
tial rotational abnormalities and others. Subsequent important part 
of the preoperative evaluation of patients represents the actual as-
sessment of the cartilage defect. For evaluation, MRI is the undispu-
ted standard method in order to evaluate the availability cartilage 
regenerative therapies and against the background that many diffe-
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rent “biochemical” MRI sequences have been ontroduced in recent 
years which allow information about the composition of the cartilage 
within the defect area, those have a greater significance in the fol-
low-up of cartilage patients but not in primary routine diagnostics. 
For this purpose “standard sequences” are appropriate while iso-
tropic MRIs might be beneficial. Of course, in this context, size and 
stage of cartilage damage must be assessed, but the importance 
of MRI is clearly beyond this information. Although the integrity of 
the menisci (especially in femorotibial cartilage defects) and poten-
tial affection of the corresponding articular surface can also be as-
sessed arthroscopically, modern MRI examinations give important 
information concerning these parameters. In addition – in contrast 
to arthroscopic evaluation – subchondral pathologies which can 
accidentally be missed during arthroscopy can be identified, which 
make MRI prior to any cartilage repair procedure essential. Since 
degeneration of the affected joint might be one of the most relevant 
limitations for cartilage repair procedures, a new whole joint score 
has been introduced with the aim to evaluate the stage of degene-
ration of the affected joint. Although correlation to clinical outcome 
is still lacking, such tools might be very important in order to further 
improve the selection process prior to cartilage repair procedures. 
The third and final part of preoperative assessment is the evaluation 
of the entire patient himself beyond the affected joint and its suitabi-
lity for cartilage surgery. Risk factors such as obesity, smoking, pre-
vious operations need also be identified and discussed such as his 
willingness and potential compliance for the rehabilitation process 
which is also of great importance in every cartilage repair procedure. 
Final decision upon the indication for cartilage repair in general and 
for the specific technique applied should be based upon all those 
information in order to achieve the best possible clinical outcome. 
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13.1.2
Getting the Right Patient- How have I found these patients in my 
own practice?
J. Salo 
Kuopio/Finland

Introduction: It is not so uncommon that cartilage lesions are found 
only when we are performing arthroscopy. Current preoperative 
imaging is challenging and can be difficult to understand. Use of 
contrast media combined to novel conical beam CT technology can 
help clinicians in decision making.

Content: One of the big questions in clinical decision making with 
cartilage patients is how to find right joints and patients early en-
ough for right treatment. Limited osteoarthrotic changes, and espe-
cially focal lesions in critical areas, should be detected early enough 
to protect the joint. Some of the clinical signs and anamnestic de-
tails can lead to think possible cartilage based problem, but the mor-
phology of the cartilage lesion, and the overall situation of the joint 
requires imaging. We have several classifications describing the se-
verity, or guiding the treatment, of cartilage lesions. These are ba-
sed on plain surface area, depth, location or morphology of the de-
fect, and can be found in literature, like ICRS classifications as an 
example. In every day clinical work we have anamnesis, clinical fin-
dings and often plain X-ray to start with. Most widely used X-ray ba-
sed classification is Kellgren-Lawrence, and it has gained popularity 
in clinical work. This classification is based on some on/off features, 
like presence of osteophytes, subchondral thickening and bone 
cysts. Decrease in joint space widht (JSW) is thought to be the ear-

liest visible change in plain X-rays, but it has some issues like varia-
bility depending on knee positioning. Some of these issues can be 
standardised, but it is evident that subtle changes in cartilage volu-
me can not be detected in plain X-rays. Some papers suggest that 
early changes prior to plain X-ray findings can be detected in MRI. 
There is a vast amount of literature describing different MRI-sequen-
cies, oedema signals and heterogeneity of internal signal in cartilage 
areas. This could offer a possibility to find right patients in early pha-
se, but specifity of these early changes has been discussed increa-
singly during the last years. At the moment we are in a situation 
where imminent OA can be diagnosed with clinical anamnesis, sta-
tus and plain X-rays with osteophytes and bone to bone contact. In 
these late phase OA cases MRI would be accurate, but it is not nee-
ded any more for clinical decision making. Critical time points in OA 
diagnostics (or preventing focal lesion to proceed to OA) are much 
earlier, when patient only has mild symptoms. This is the target of 
early treatment methods either with medication, surgery, or infor-
med exercises programs. But then we are facing another paradigm, 
how to measure effectiveness of these early stage treatment me-
thods. Typically, longitudinal MRI scans have been used in these 
cases, offering some information on cartilage volume and thickness, 
but being mostly limited to the use of very same individual scanners, 
sequencies or long enough follow up time. This can lead to progres-
sion of OA to late phase before changes can be measured. This situ-
ation points out the role of clinical questionnaires, clinicians under-
standing of the local imaging techniques, and specialised cartilage 
units with experienced surgeons. One remarkable problem in carti-
lage imaging is the limited 3D resolution of current methods. It is 
known, on the other hand, that this most superficial cartilage layer is 
thought to be the most important layer for cartilage endurance. 
Once destroyed, OA process is thought to proceed more rapidly 
through deeper layers. The most superficial layer of cartilage with 
lamina splendens and tangential zone, comprises like 10% of cartila-
ge thickness. In most of the healthy knees, this means up to 0.3-0.4 
mm layer. This kind of thin layer can not be directly visualised with 
current imaging methods. Increasing the strength of magnetic field 
in MRI scanning can yield in increased spatial resolution, but a clini-
cally limited imaging time prevents increasing spatial resolution 
very high. Some of the most current works summarise the sensitivity 
of MRI to be 65% to 75% for all cartilage defects. Keeping in mind, 
that MRI is a highly specific in Gr IV lesions (over 90%), and relatively 
accurate in Gr 3 defects, the most superficial layer still remains a 
nomans land preoperatively. These facts, combined to slice based 
2D view during image reading, can cause remarkable difficulties in 
knee, where most of the clinically relevant joint facets are either con-
vex in two plains, or even concave and convex at the same time in 
different planes. Arthroscopy has been considered as a golden stan-
dard in cartilage diagnostics. There are a lot of papers comparing 
imaging findings to arthroscopic findings to find out the sensitivity 
and specificity of imaging methods. But, there are also papers clai-
ming that we can miss part of cartilage lesions in arthroscopy. Can 
that be true? If so, then we are comparing suboptimal methods to 
other suboptimal methods, or we are becoming more dependent on 
the fact who has made the arthroscopy, or where has the imaging 
been done. On the other end stand X-ray based methods with a spa-
tial resolution in submillimeter class, like seen in material technolo-
gy. Native X-ray cannot show cartilage, but has for a long time been 
the basis for classification of OA. Some works have shown that plain 
X-rays with intra-articular contrast media can show some large scale 
problems in knee, like remarkable loose bodies. If combined to CT-
scanning, contrast media can show the internal joint cavity, correla-
ting to the morphology of the cartilage surface, meniscus surfaces, 
cross ligaments and synovial folds. The next radiopaque layer after 
contrast media is subchondral bone. Theoretically, the space bet-
ween these two areas represent the 3D-model of the articular carti-
lage, or repair tissue if cartilage procedures have already been per-
formed. Large scale CT scanners have had substantially high 
radiation dose, but lately we have got dedicated conical beam CT-
scanners (CBCT) to be used in extremity imaging. CBCT scanners 
have been used for years in maxillofacial and in dental area, where 
small details and low radiation dose are needed. CBCT scanner pro-
duces isotropic imaging data. It means that the smallest image unit 
is a symmetric 3D pixel, called voxel, with the very same dimensions 
in all three directions. This offers some paramount advantages for 
clinicians to analyse the data preoperatively in any desired direction 
with any slice thickness with full resolution. The data cloud is like a 
0.2mm 3D map of the whole joint, which can then be rotated and cut 
freely after imaging. Even the reconstruction of the joint with per-
pendicular view of curved joint facets is possible. This requires use 
of intra-articular contrast enhancement (CE). Certainly use of CE can 
cause some discomfort and can be regarded as an invasive method, 
but most of the patients with cartilage lesion have got used with the 
swelling of the joint, and do not report CE any issue. We have now 
used CBCT –technology with contrast enhancement increasingly in 
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our hospital for two years. My initial experience after more than 400 
patients is that we can now see the cartilage and it´s thickness in 
whole joint, also on those areas where we do not have proper visibi-
lity during routine arthroscopy w/o additional efforts or portals. Cli-
nically most common focal cartilage lesions in knee are in MFC, 
trochlea and patella area, and these can be seen and measured very 
reliably preoperatively. It also seems, that contrast media pene-
trates to very small spaces, like under torn cartilage flaps even when 
they are on the central weight bearing area in femoral condyles. 
High spatial resolution in bone reveals past procedures, like drilled 
areas, and it can also be used for evaluation of e.g. OCD lesions and 
their bony attachment after surgery. This short experience in knees 
is so encouraging, that nowadays I have included this imaging me-
thod in my preoperative diagnostic routine. In TC-joint, role of tradi-
tional imaging methods is even more controversial. For the reason 
we do not know exactly, the cartilage in talus and tibia are much 
thinner than in knee area. Based on the use of CBCT data it seems 
that in many cases it is like 1.0 to 1.8 millimeters in preoperative 
imaging. Contrast enhanced conical beam CT scan can show us the 
cartilage thickness, focal lesions, and subchondral bone with unpa-
ralleled accuracy, but there are also many challenging issues with 
new techniques. What are we loosing if we do not see subchondral 
bone oedema or ligament structures? These and many other que-
stions remain to be solved in the future, as well as the possibility of 
using real weight bearing during scanning, and the initial data pu-
blished on internal quality of cartilage with delayed imaging and 
subtraction imaging.. Taken together, it seems that our current pos-
sibilities in seeing cartilage health either preoperatively or guiding 
our clinical decision making, are numerous. If we consider some of 
the current factors possibly representing the progress of OA, namely 
thinning of cartilage layer, variation in the cartilage thickness, sub-
chondral changes in bony structure and perhaps most importantly, 
initial degradation of the most superficial layers of otherwise thick 
cartilage, then contrast enhanced CBCT seems to be perhaps even 
the best method for cartilage diagnostics at the moment. If we con-
sider traditional surgical thinking, with major interest in ruptures of 
cartilage or meniscus, and the question whether they open up to 
surface, then contrast media is a very powerful tool. The most super-
ficial tangential layer is now under scope, and can be seen at least in 
knee with this 0,2mm resolution enhanced with possible contrast 
media penetration in most superficial lesions. 

13.2.1
Principles of Unloading: Implications from Gait Biomechanics
T. Birmingham 
London/Canada

Introduction: Purposes of this presentation are to review selected 
biomechanical principles pertinent to dynamic knee joint loading 
and lower limb realignment surgery, with a focus on high tibial os-
teotomy (HTO). Recent epidemiological and biomechanical studies 
will be reviewed, and original data pertaining to gait analysis, indi-
cations and results of medial opening wedge HTO will be presented.

Content: Recent observational cohort studies (e.g., MOST, OAI) sug-
gest that even subtle amounts of varus and valgus malalignment are 
strong risk factors for compartment-specific cartilage degradation, 
and mediate the effects of other risk factors, including obesity, and 
neuromuscular deficits. The deleterious effects of malalignment 
act through their influence on gait biomechanics. The mechanics of 
walking tend to move the limb towards varus alignment, creating an 
external knee adduction moment and a greater portion of load on 
the medial relative to the lateral tibiofemoral compartment. Recent 
biomechanical modeling and instrumented, telemetric knee implant 
studies suggest that approximately 50-to-75% of the load on tibi-
ofemoral joint is borne by the medial compartment, with increases 
of 5% for each 1 degree toward varus. The predominance of a knee 
adduction moment throughout stance is primarily responsible for 
the greater incidence of advanced knee osteoarthritis in the medial 
compartment. A knee adduction moment exists with neutral align-
ment, and even with slight valgus, yet is exacerbated substantial-
ly with varus. When quantified using 3D gait analysis, the external 
knee adduction moment provides a surrogate measure of the distri-
bution of dynamic load across the knee – a measure that is related 
to both medial osteoarthritis progression and outcomes after HTO.

Gait analysis shows that medial opening wedge HTO creates large 
changes in the knee adduction moment, and is associated with more 
subtle changes in the moments about the knee in the transverse and 

sagittal planes. While gait data should prove to be useful in plan-
ning osteotomy, preoperative planning still relies primarily on sta-
tic radiographs to assess the location of the limb’s weight-bearing 
axis. The optimal amount of limb realignment is still somewhat un-
clear. Gait mechanics would suggest that relatively large corrections 
(i.e., create slight valgus) are needed to offset the knee adduction 
moment; however, the morphology of the medial versus lateral ti-
biofemoral compartments, cadaveric and gait studies after medial 
opening wedge HTO, and clinical experience all show potent effects 
of even relatively small changes in alignment, and caution against 
substantial over-correction. Patient characteristics, such as disease 
severity in medial and lateral compartments and perhaps gait pat-
terns should be used to tailor individualized correction angles. 
Understanding that obesity and excessive muscular co-contraction 
have large impact on the magnitude of knee joint loads, osteotomy 
procedures that redistribute those loads should be accompanied by 
rehabilitative strategies that include weight loss and neuromuscu-
lar control. Recent clinical studies show that serious complications 
after HTO are rare, improvements in patient-reported outcomes are 
large, and approximately 70% of HTO patients still have their native 
joint 10 years postoperatively. Despite these encouraging findings, 
rates of HTO are declining and the lack of randomized trials limits 
the support for HTO in published clinical practice guidelines.
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14.2
What has F-MARC & FIFA Done About Injuries
B. Mandelbaum 
Santa Monica/United States of America

Introduction: The Role of FIFA Prevention Programs and Reduction 
Injury Rates in Football ( Soccer) Soccer is the most widely played 
sport among both males and females, with approximately 300 mil-
lion registered players globally. (Bizzini, 2013, Dvorak, FIFA) The 
growth of the sport world wide has been unprecedented. The ma-
jor goal of FIFA and FMARC is reduction of injury through prevention 
programs to miminize injuries overall, Knee, Articular Cartilage , ACL, 
groin and muscle injuries. There is a direct correlation between this 
growth of the sport, athletic exposure and injuries. The risks and 
epidemiology of soccer injury have been well documented. (Agel, 
Arendt, Azubuike, Bailey, Beynnon,, Brophy, Chandy, CDC, Ekstrand, 
Junge, McLean, Morgan) In the last two decades, numerous attemp-
ts have been made to gain a fuller understanding about the mecha-
nism of these injuries and how researchers can prevent or reduce 
the incidence of such injuries. (Cerulli, Caraffa, Daneshioo, Ekstrand 
2010, Gilchrist, Hewett, Myklebust, Mandelbaum)

Content: There have been several studies published elucidating 
the incidence and prevalence of soccer related injury in both males 
and females; recreational players and professional; youth and adult 
players. (Blatter, Bollars, Ekstrand , Fuller, Hgglund, Junge Östen-
berg) However, there is a growing body of evidence validating the 
notion that injury prevention programs have the inherent ability to 
decrease the incidence of soccer related injury and the time loss 
associated with such injury. (Steffen, Soligard, Grooms, Owneye) In 
the past two decades, many of the injury prevention efforts were 
focused solely on female athletes; namely on ACL injury prevention. 
(Faude, Gilchrist, Griffin, Hewett, Mandelbaum) (FIFA) and its Me-
dical Assessment and Research Centre (F-MARC) developed injury 
prevention programs, such as the “11” and the “FIFA 11+” in an effort 
to reduce the incidence of all types of injuries incurred as a result 
of soccer participation (Bizzini 2013, Soligard). These programs 
have been evaluated in both genders, in recreational, amateur and 
semi-professional soccer, and, additionally, in court based sports. 
(Longo, 2012, Soligard, Steffen, van Beijsterveldt) The program was 
first tested in female athletes in Norway. Soligard et al. completed a 
cluster, randomized controlled trial in 125 female youth soccer clubs 
in Norway (aged 13-17): 65 teams in the intervention group (N = 
1055) (IA) and 60 teams in the control group (N = 837) (CA) followed 
the protocol for one season (eight months). During the season, 264 
players had relevant injuries: 121 players in the intervention group 
and 143 in the control group (rate ratio 0.71, 95% confidence interval 
0.49–1.03). In the IA there was a significantly lower risk of injuries 
overall (0.68, 0.48–0.98), overuse injuries (0.47, 0.26–0.85), and 
severe injuries (0.55, 0.36–0.83). This indicates that a structured 
warm-up program can prevent injuries in young female football pla-
yers. (Soligard, 2008)

In a small cohort study conducted in men’s collegiate soccer in the 
United States, Grooms et. al. (2013) utilized the FIFA 11+ interven-
tion for one Division III soccer team (N = 41, 18-25 years). The first 
season served as the referent season (REF) and the second season 
served at the intervention assessment (INT). The injury rate in the 
REF was 8.1 injuries/1000 athletic exposures (AE) with 291 days lost 
and 2.2 injuries/1000 AE and 52 days lost in the INT season. The INT 
demonstrated reductions in the relative risk (RR) of lower extremity 
injury of 72% (RR = 0.28, 95% confidence interval=0.09, 0.85) and 
time lost to lower extremity injury (P <.01). There was a statistically 
significant reduction in injury rate and time loss to injury.

The FIFA 11+ was shown to reduce injury rates and time loss due to 
injury in the competitive male collegiate soccer player in a statisti-
cally significant manner in a level l RCT by Silvers and Mandelbaum 
et al 2014. The benefits of sport participation are numerous, and far 
outweigh the risks associated with such. However, the likelihood of 
incurring an injury by virtue of participating in soccer should not be 
underestimated. As clinicians, it is integral to our collective ethos to 
recognize the risks associated with sport and to profess the merits 
of the prevention protocols that have presented in the peer revie-

wed literature. FIFA continues to be vigilant and focused on preven-
tion improving the Safety and Health of all players at all times.
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14.3
Can we Prevent Re-Injury?
S. Della Villa, M. Ricci, F. Della Villa 
Bologna/Italy

Introduction: The aim of the vast majority of football players after 
knee injury is return to sport at pre-injury level as soon as possible, 
avoiding the risk of re-injury. Rehabilitation after any knee injury/
surgery is considered one of the key aspects influencing functional 
recovery. The greatest example of this phenomena is represented by 
the athlete suffering from anterior cruciate ligament (ACL) injury and 
subsequent ligament reconstruction. 

Content: The risk of sustaining a subsequent ACL injury after ACL 
reconstruction (ACLR) have been demonstrated to be, in a recent 
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systematic review, 5.8 % for the ipsilateral and 11.8 % for the con-
tralateral limb at a minimum of five years follow up [1]. Women have 
a higher incidence of ACL injury to the contralateral knee than men 
after reconstruction. Younger and higher level athletes seem to be 
at higher risk of re-injury [2]. The recurrence after ACLR is one of the 
most devastating outcomes after rehabilitation and return to sport. 
In order to reduce this phenomena, we have to adopt the right clini-
cal strategy in a strong organizational context. For organization we 
mean to have a proper facility (consisting of medical offices, rehabi-
litation gyms, rehabilitation pool and rehabilitation field), a proper 
team (including at least a sport medicine physician, a physical the-
rapist and a re-conditioning specialist) and a proper method (clini-
cal strategy shared by the team). Nowadays, the most appropriate 
clinical approach after ACLR is applying a criteria-based, functional-
oriented, rehabilitation protocol [3]. Certain criteria have to be sa-
tisfied in order to progress throughout rehabilitation and to finally 
be allowed to return to sport. This approach, by itself, guarantees 
physiological loads progression based on the real patient condition. 
In our experience, in order to be consistent in prevention, we usual-
ly 1) complete all the different phases of rehabilitation, 2) respect 
the criteria approach and 3) measure the results through specific 
test. In this way it is possible to have a good control of the athlete’s 
recovery. Achievements of symmetrical joint mobility, strength and 
functional performance are common criteria to return to sport after 
ACLR [3]. Neuromuscular factors have recently been identified as 
risk factors for re-injuries [4], highlighting the importance of coordi-
nation and movement patterns restoration before returning to sport. 
Metabolic reconditioning is often overlooked, but may be an impor-
tant factor in improving functional outcome. Plus the fatigue is con-
sidered a risk factor for primary knee injury, so it may be correlated 
also to the re-injury. We believe that a neuromuscular prevention 
strategy has to be continuously applied, starting from the very be-
ginning of the recovery process until the return to sport. Neuropla-
sticity pool exercises are early introduced in the protocol, in order 
to optimise the gesture recovery and re-activate certain movement 
patterns. Aerobic reconditioning is immediately initiated. Each re-
habilitation session has to comprehend a part of pure aerobic exer-
cise. Coordination and proprioception exercises are performed, as 
soon as possible, in the gym. Plus, core stability exercises are part 
of the programme too. Closed kinetic chain exercises, focusing on 
functional movements are also introduced in the programme. Sta-
ting that all these interventions are important, when dealing with 
prevention, we have to be focused on the last phase of rehabilitati-
on, particularly referring to the on field rehabilitation (OFR) [5]. The 
OFR is the most critical and important part of the recovery process. 
Sport-specific movements and drills are progressively re-introduced 
and aerobic/anaerobic reconditioning is completed. During this last 
phase it is suggested to test athletes’ movement patterns, in order 
to highlight any potential impairment possibly correlated with re-
injury. If faulty movement patterns are detected, a targeted neuro-
muscular training programme is highly recommended. Patient pro-
education in certain movements plays a key role in the prevention 
strategy. Plus a general prevention programme, such as the FIFA 11+ 
[6], has to be applied and implemented on each single patient. Edu-
cating the patient to a neuromuscular prevention programme (to be 
performed at least 3 times a week) can be very effective in reducing 
the risk of re-injury. 
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15.1.1
Macrophage induced Fas Ligand in Immuno-Privileged Cartilage 
Tissue Engineering
K. Hoshi 
Tokyo/Japan

Introduction: Cartilage regenerative medicine using autologous 
chondrocyte transplantation (ACT) has been available since the 
1980s, and more than 15,000 patients have received this treatment 
for focal cartilage defects in joints. Recently, some groups have ex-
panded the indication for ACT to nasal augmentation, in which chon-
drocytes in a gelatinous chondroid matrix were injected into subcu-
taneous pockets in the nose. We have also started a clinical study of 
ACT-based treatment using a biodegradable polymer for severe na-
sal deformity in patients with cleft lip and palate (JPRN-UM-
IN000005472). Since most of these cartilaginous diseases and de-
formities are irreversible and cannot be fully restored by conventional 
transplantation of autologous tissues or artificial materials, ACT-
based treatment should be more prevalent. To broaden the applica-
tion of ACT to severe defects in joint or maxillofacial cartilage, com-
bined usage with a scaffold would be necessary to provide a proper 
morphologic shape and rigidity. Such scaffolds can be fabricated by 
employing biomaterials, such as biodegradable polymers. ACT-ba-
sed treatment uses autologous cells, and thus is advantageous to 
minimize the risk of immunogenic rejection. In studies using mice or 
beagles, however, when tissue-engineered constructs consisting of 
a biodegradable scaffold and syngenic or autologous chondrocytes 
were transplanted into subcutaneous pockets, some of them deve-
loped severe, prolonged tissue reactions. Histologically, accumula-
tion of macrophages and abundant fibrosis were found in and 
around these transplants, with the formation of foreign body granu-
lomas. Therefore, one of the requirements for successful transplan-
tation of tissue-engineered cartilage is to control inflammation. Me-
anwhile, in the case of successfully regenerated cartilage by 
transplanted chondrocytes in mice or beagles, chondrocytes were 
shown to produce local factors that could inhibit the actions of ma-
crophages. In our previous study [1, 2], tissue-engineered cartilage 
constructs consisting of mouse auricular chondrocytes and a biode-
gradable scaffold were transplanted into EGFP-transgenic mice with 
the same genetic background. The host-derived cells, distinguished 
by the positivity of EGFP fluorescence, were mostly macrophages, 
and decreased and were confined to non-cartilage areas after an in-
itial increase. The chondrocytes expressed some factors related to 
immune privilege including Fas ligand (FasL) and transforming 
growth factor-b (TGF-b), suggesting that chondrocytes in tissue-en-
gineered cartilage may suppress the actions of macrophages by in-
ducing immune privilege with these factors. Immune privilege exists 
physiologically in certain tissues such as the eye, brain, ovary, testis 
and pregnant uterus, where antigen normally does not initiate an 
immune reaction. The molecular mechanisms maintaining immune 
privilege in these tissues are considered to be a lack of lymphatic 
drainage, the presence of a physical barrier and the production of 
immunosuppressive cytokines/neuropeptides. Apart from the phy-
siological immune privilege mentioned above, recent research has 
revealed another type of immune privilege, which is induced in pa-
thological conditions. Hepatocytes do not express FasL, but FasL 
could be induced in hepatocellular carcinomas, promoting infiltrati-
on and growth in surrounding tissues. Also, FasL becomes more de-
tectable in hepatocytes in alcoholic hepatitis, liver allograft rejec-
tion, and Wilson’s disease, suggesting that hepatocytes may have 
increased expression of FasL in pathological conditions. In another 
study, immunization was shown to induce the expression of functio-
nal FasL in the liver and small intestine, indicating that strong immu-
ne responses trigger the expression of FasL in some tissues. Such 
inducible peripheral, non-lymphoid FasL is considered to mitigate 
the tissue damage caused by strong immune response. Considering 
that factors related to immune privilege were increased in tissue-
engineered cartilage after transplantation in mice and beagles [1, 2], 
immune privilege may be induced in tissue-engineered cartilage as 
well by the surrounding immunological environment after transplan-
tation. Cartilage regenerative medicine using autologous chondro-
cyte transplantation (ACT) has been available since the 1980s, and 
more than 15,000 patients have received this treatment for focal 
cartilage defects in joints. Recently, some groups have expanded 
the indication for ACT to nasal augmentation, in which chondrocytes 
in a gelatinous chondroid matrix were injected into subcutaneous 
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pockets in the nose. We have also started a clinical study of ACT-
based treatment using a biodegradable polymer for severe nasal 
deformity in patients with cleft lip and palate (JPRN-UM-
IN000005472). Since most of these cartilaginous diseases and de-
formities are irreversible and cannot be fully restored by conventio-
nal transplantation of autologous tissues or artificial materials, 
ACT-based treatment should be more prevalent. To broaden the ap-
plication of ACT to severe defects in joint or maxillofacial cartilage, 
combined usage with a scaffold would be necessary to provide a 
proper morphologic shape and rigidity. Such scaffolds can be fabri-
cated by employing biomaterials, such as biodegradable polymers. 
ACT-based treatment uses autologous cells, and thus is advantage-
ous to minimize the risk of immunogenic rejection. In studies using 
mice or beagles, however, when tissue-engineered constructs consi-
sting of a biodegradable scaffold and syngenic or autologous chon-
drocytes were transplanted into subcutaneous pockets, some of 
them developed severe, prolonged tissue reactions. Histologically, 
accumulation of macrophages and abundant fibrosis were found in 
and around these transplants, with the formation of foreign body 
granulomas. Therefore, one of the requirements for successful 
transplantation of tissue-engineered cartilage is to control inflam-
mation. Meanwhile, in the case of successfully regenerated cartilage 
by transplanted chondrocytes in mice or beagles, chondrocytes 
were shown to produce local factors that could inhibit the actions of 
macrophages. In our previous study [1, 2], tissue-engineered cartila-
ge constructs consisting of mouse auricular chondrocytes and a bio-
degradable scaffold were transplanted into EGFP-transgenic mice 
with the same genetic background. The host-derived cells, distingu-
ished by the positivity of EGFP fluorescence, were mostly macro-
phages, and decreased and were confined to non-cartilage areas 
after an initial increase. The chondrocytes expressed some factors 
related to immune privilege including Fas ligand (FasL) and transfor-
ming growth factor-b (TGF-b), suggesting that chondrocytes in tis-
sue-engineered cartilage may suppress the actions of macrophages 
by inducing immune privilege with these factors. Immune privilege 
exists physiologically in certain tissues such as the eye, brain, ovary, 
testis and pregnant uterus, where antigen normally does not initiate 
an immune reaction. The molecular mechanisms maintaining immu-
ne privilege in these tissues are considered to be a lack of lymphatic 
drainage, the presence of a physical barrier and the production of 
immunosuppressive cytokines/neuropeptides. Apart from the phy-
siological immune privilege mentioned above, recent research has 
revealed another type of immune privilege, which is induced in pa-
thological conditions. Hepatocytes do not express FasL, but FasL 
could be induced in hepatocellular carcinomas, promoting infiltrati-
on and growth in surrounding tissues. Also, FasL becomes more de-
tectable in hepatocytes in alcoholic hepatitis, liver allograft rejec-
tion, and Wilson’s disease, suggesting that hepatocytes may have 
increased expression of FasL in pathological conditions. In another 
study, immunization was shown to induce the expression of functio-
nal FasL in the liver and small intestine, indicating that strong immu-
ne responses trigger the expression of FasL in some tissues. Such 
inducible peripheral, non-lymphoid FasL is considered to mitigate 
the tissue damage caused by strong immune response. Considering 
that factors related to immune privilege were increased in tissue-
engineered cartilage after transplantation in mice and beagles [1, 2], 
immune privilege may be induced in tissue-engineered cartilage as 
well by the surrounding immunological environment after transplan-
tation.

Content: In this presentation, we investigated the involvement of 
immune privilege in the transplantation of tissue-engineered car-
tilage, using mouse auricular chondrocytes. Among the mediators 
involved in immune privilege, we especially focused on FasL, and 
investigated its function in tissue-engineered cartilage using FasL-
dysfunctional mice, C57BL/6JSlc-gld/gld (gld). The gld (generalized 
lymphoproliferative disease) mice are known to have a point mutati-
on within the Fasl gene, resulting in the expression of non-functional 
FasL. When co-cultured, auricular chondrocytes of gld, induced less 
cell death and apoptosis of macrophage-like cells, RAW264, com-
pared with chondrocytes of C57BL/6 mice (wild), suggesting that 
FasL on chondrocytes could suppress the viability of macrophages. 
Meanwhile, the viability of chondrocytes was hardly affected by co-
cultured RAW264, though the expression of type II collagen was de-
creased, indicating that macrophages could hamper the maturation 
of chondrocytes. Tissue-engineered cartilage containing gld chon-
drocytes exhibited greater infiltration of macrophages, with less ac-
cumulation of proteoglycan than did wild constructs. Furthermore, 
molecules that increased the expression of FasL on the auricular 
chondrocytes were identified, which were then applied in the sub-
cutaneous transplantation of tissue-engineered cartilage in mice, 
to verify their effects in regulating tissue reactions and subsequent 
maturation of tissue-engineered cartilage. Analysis of the co-culture 
medium identified G-CSF as an inducer of FasL on chondrocytes, and 

G-CSF-treated tissue-engineered cartilage showed less infiltration of 
macrophages, with increased formation of cartilage after transplan-
tation. The interactions between chondrocytes and macrophages 
may increase G-CSF secretion in macrophages and induce FasL 
on chondrocytes, which in turn suppresses the viability of macro-
phages and their production of cytokines, promoting the maturation 
of tissue-engineered cartilage. These findings provide scientific in-
sight into the mechanism of autologous chondrocyte transplanta-
tion, which could be applied as a novel strategy for cartilage tissue 
engineering.
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15.1.3
Embryonic Stem Cells
N. Tsumaki, A. Yamashita, M. Morioka, T. Kobayashi, N. Oda 
Kyoto/Japan

Introduction: The repair of defects of articular cartilage with healthy 
hyaline cartilage continues to be a challenging clinical problem[1]. 
Autologous chondrocyte transplantation have been successful-
ly performed by harvesting small pieces of cartilage from a less 
weight-bearing area of articular cartilage and preparing chondro-
cyte cultures, which then are expanded and transplanted into the 
articular cartilage lesions. One of the limitations of autologous 
chondrocyte transplantation is associated with dedifferentiation, in 
which chondrocytes lose their characteristics after required expan-
sion. The chondrocytes gradually lose their expression of chondro-
cyte markers including types II, IX and XI collagen and aggrecan, and 
start to express fibroblast markers including type I collagen, when 
they are expanded in monolayer culture. In addition, cells appear 
to shift toward senescence after expansion. Therefore, the repair 
tissue generated by autologous transplantation contains some fi-
brocartilaginous tissue. Other limitations with this procedure are 
that the donor sites where cartilage are harvested can undergo de-
generation with time (donor site morbidity) and that it requires two 
surgeries. Therefore, there is a continuous need for cell sources for 
chondrocytes which can produce a substantial amount of hyaline 
cartilage to use for regenerative medicine without these limitations. 
The advantage of embryonic stem cells (ESCs) over somatic cells is 
that they are pluripotent and can be expanded almost indefinitely 
without undergoing senescence. Induced pluripotent stem cells (iP-
SCs) also have pluripotency and self-renewal similar to ESCs, but are 
not associated with the ethical issues. The iPSCs were first genera-
ted by transducing mouse fibroblasts with four factors (c-Myc, Klf4, 
Oct3/4 and Sox2) in 2006. These factors are called reprogramming 
factors, because they can reprogram the nuclei of somatic cells to 
make them pluripotent.

Content: We have been trying to generate chondrocytic cells using 
cell reprogramming technologies. One approach is reprogramming 
of somatic cells, such as dermal fibroblasts or blood cells, into in-
duced pluripotent stem cells (iPSCs), followed by inducing their dif-
ferentiation into chondrocytes. To establish the differentiation me-
thod that yield hyaline cartilage, rather than fibrocartilage from iPS 
cells, we generated a human iPSC (hiPSC) lines that expresses EGFP 
when the cells have differentiated into chondrocytes, and have been 
using them to determine the optimal conditions for the chondroge-
nic differentiation of hiPSCs. After commitment of iPSC-derived cells 
into chondrogenic lineage, cells were transferred to 3-dimensional 
culture to produce particles of cartilaginous tissue. The hiPSC-
derived cells produced cartilaginous extracelluar matrix within the 
tissue particles and stably maintained chondrocyte phenotype in 
vitro. Transplantation of the hiPSC-derived particles into the subcu-
taneous spaces of immunodeficiency mice resulted in the formation 
of hyaline cartilage without formation of tumor. Immunodeficiency 
rat which had received transplantation of hiPSC-derived particles 
into the defects created in the articular cartilage of knee joint did 
not show ectopic formation of hiPSC-derived tissue. These results 
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support the notion that the iPSC-derived cartilage would be safe. 
Another approach is cell type conversion. We found that the trans-
duction of dermal fibroblasts with two reprogramming factors (c-
Myc and Klf4) and one chondrogenic factor (Sox9) results in the di-
rect conversion of chondrogenic cells[2, 3]without the need for them 
to go through the iPS cell state[4]. Such cell type conversion without 
going through an iPS cell state is called direct reprogramming. This 
approach may also provide a candidate cell source for chondrocytes 
that can be used for cartilage regeneration. 
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15.2.1
Microfracture Works, Why Use Anything Else? Pro: Stone
J.J. Stone 
Franklin/United States of America

Introduction: Symptomatic osteochondral lesions of the talus have 
been traditionally treated with debridement of the loose osteochon-
dral fragments with some type of base stimulation with abrasion, 
drilling, or microfracture. The goal of the procedure is to perforate 
the subchondral plate with small diameter holes resulting in the re-
lease of pluripotential mesenchymal stem cells that cover the de-
fect. Although the stem cells differentiate into cells which resemble 
chondrocytes producing type II collagen initially, there is a gradual 
change to the production of type I collagen ultimately resulting in 
the formation of a fibrocartilage layer.

Content: The procedure has several advantages over other methods 
of treatment including: 1. It is performed in a minimally invasive 
manner using basic arthroscopic techniques. 2. It does not require 
malleolar osteotomy for exposure. 3. It does not require donation of 
tissue from a normal joint. 4. There is a low complication rate from 
treatment. 5. It is a low cost procedure. A routine arthroscopy is per-
formed and the lesion is outlined with a probe, elevated using eleva-
tors or curettes, and the major loose fragments are removed using 
loose body forces. All loose necrotic bone at the base of the lesion 
along with all unstable articular cartilage are removed with careful 
attention to removal of unstable material located in the medial gut-
ter on the vertical surface of the talus. The base of the lesion may be 
abraded, drilled with a smooth Kirschner wire, or penetrated with a 
small diameter microfracture pick to assure release of marrow ele-
ments with a good bleeding base being demonstrated at the time of 
surgery by decreasing the inflow pressure of the irrigation fluid and 
deflating the tourniquet, if one is utilized. Results of such treatment 
have suggested approximately 85% good/excellent results in short 
and medium term follow up. While some studies have suggested 
that the results of debridement and abrasion/drilling/microfracture 
may deteriorate over time, others have suggested maintenance of 
the quality of the results. Some studies have suggested a threshold 
lesion size for which arthroscopic debridement procedures are unli-
kely to yield good results. The presence of a significant subchondral 
cyst may also be associated with poor results and require more ag-
gressive treatment with a bone grafting procedure, perhaps inclu-
ding chondral replacement. A small number of animal and clinical 
studies have investigated the possible utility of bone marrow aspi-
rate instillation as a supplement to debridement and microfracture/
drilling. One animal study has suggested increased type II collagen, 
proteoglycan, and glycosaminoglycan content in the group receiving 
bone marrow aspirate. Limited data also suggest that hyaluronic 
acid instillation after bone marrow stimulation may improve clinical 
outcomes.
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15.2.3
Allograft is the Wave of the Future – Pro: Bugbee
W.D. Bugbee 
La Jolla/United States of America

Introduction: Osteochondral Allografting of the Talus: This really 
works for a difficult problem! William Bugbee, MD Scripps Clinic, 
La Jolla, CA In 2015, the use of osteochondral allografts (OCA) for 
reconstruction of injury and disease of the ankle is now well esta-
blished. Almost 100 years ago Eleosser (1913) first described trans-
plantation of the distal tibia and talus for severe trauma. Although 
this procedure ultimately failed, examination of the recovered grafts 
led to a number of salient observations that are still fundamental to 
both the science and clinical application of osteochondral grafting. 
The use of allografts for arthritis is still evolving but thetreatment of 
osteochondral lesions of the talus is both successful and well esta-
blished. 

Content: The most common indication for osteochondral allograf-
ting in the ankle is osteochondral lesions of the talus (OLT). While 
large cystic lesions are particularly suited to allografting (due to the 
size and osseous deficit) allografts have found utility in salvage of 
other more typical lesions that have failed other surgical treatments 
such as microfracture, surface cartilage repair and osteochondral 
autografts. Less common indications include osteonecrosis, trau-
matic osteochondral fracture (typically nonunion or malunion), and 
benign tumors. Although the use of bipolar tibiotalar allografts as 
an alternative to arthrodesis and arthroplasty for the treatment of 
ankle arthritis has been reported, this indication should probably be 
considered investigational and limited to centers carefully studying 
this application Surgical technique for OCA may include medial or 
lateral malleolar osteotomy, anterior approach with plafondplasty, 
or joint distraction with temporary external fixation. The allografting 
technique may include simple dowel or plugs using commercially 
available instruments, inlay shell grafts or partial talus only grafts 
with fixation. The choice of approach or grafting technique does not 
appear to affect clinical outcome. The efficacy of OCA in treating 
osteochondral lesions of the talus has been reported by a number 
of investigators in level IV case series. Nine peer reviewed studies 
were reviewed (Gross, F&A 2001; Raikin, JBJS-A 2009; Hahn, F&A 
2010; Gortz, F&A 2010, Janis JAPMA 2010; Adams, JBJS-A 2011; Ber-
let, CORR 2011; Daniels, JBJS-B 2011; El-Rashidy, JBJS-A 2011). The-
se studies independently reported remarkably similar outcomes. 
In these studies, 155 patients underwent allografting of talar dome 
lesions. Mean age ranged from 30-44 years and mean follow-up was 
between 2 and 11 years. Mean reported graft size was 1.5- 6.0 cm, 
with approximately 2/3 of the lesions medial. Overall patient sa-
tisfaction was between 75 and 100%. Improvement in ankle scores 
(predominately AOFAS) was between 27 and 46 points with a mean 
postoperative score between 79 and 83. Complications and reope-
rations were variably reported between 0 and 50%. Only 12 graft 
failures requiring reoperation (revision, arthrodesis or arthroplas-
ty) were reported (8%). In summary, fresh osteochondral allografts 
have demonstrated excellent clinical utility in the treatment of diffi-
cult osteochondral lesions of the talus. OCA should be considered a 
fundamental part of the treatment algorithm for OLT. Longer clinical 
follow-up of current series, new prospective studies comparing OCA 
to other treatments, as well as imaging and retrieval studies are cri-
tical to furthering our understanding of allografts. 

15.2.5
There is no Good Clinical Evidence for Biologics - Pro: Ferkel
R. Ferkel 
Van Nuys/United States of America

Introduction: A. Cartilage defects

1. Treated with microfracture and/or drilling

2. Results: Excellent-good 75-85% in most studies

3. Results can deteriorate with time since fibrocartilage does not 
have the same properties as hyaline cartilage

B. Replacement of OLT

1. Autologous/allograft osteochondral transplantation

2. Autologous chondrocyte implantation

3. Matrix induced ACI

4. Metallic implantation

C. Improving results of cartilage repair & replacement techniques

1. Improve the biologic environment to stimulate regeneration of 
cartilage-like tissue

2. Prevent long-term term deterioration of cartilage repair and re-
placement

3. Different biologic adjuvants are becoming popular to augment 
cartilage repair and replacement results. These include hyaluronic 
acid (HA), platelet rich plasma (PRP) and concentrated bone marrow 
aspirate (BMA)

Content: I. Platelet Rich Plasma (PRP)
A. Define – sample of plasma with two-fold or more increase in pla-
telet concentration above baseline level or greater than 1.1 x 106 pla-
telets/uL

B. PRP is a rich source of growth factors

1. PRP has cytokines within the platelet granules

2. Cytokines bind the transmembrane receptors of local or circula-
ting cells

3. Cytokines initiate intracellular signaling which results in protein 
expression

4. Platelet alpha granules are believed to improve biologic environ-
ment and promote cartilage healing

5. PRP in vitro and in vivo appears to improve chondrogenesis

6. PRP may positively affect mesenchymal stem cells

C. Few reports of benefit of PRP in patients with OLT

1. Mei-Dan et al. reported OLT with PRP or HA. Both groups showed 
improvement, but more with PRP

2. Guney et al. showed PRP improved results of microfracture

3. Kon et al. found PRP results in poor histologic outcomes in OLT

4. van Bergen et al. showed PRP did not help healing of OLT in goats

II. Concentrated Bone Marrow Aspirate (BMA)
A. BMA obtained from iliac crest, tibia or calcaneus and centrifuged

B. BMA contains platelets, growth factors and mesenchymal stem 
cells (MSC)

C. Wilke et al. showed in horses with osteochondral defects MSCs 
improve cartilage repair

1. Repaired tissue primarily type II collagen

D. Few studies in humans show BMA improves results of microfrac-
ture

E. Fortier et al. in an equine model made full thickness cartilage de-
fects

1. Horses with BMA and microfracture did better than microfracture 
alone

F. Saw et al. showed BMA gave better repair tissue in goats after 
microfracture
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G. Kim et al. showed MSC injections plus marrow stimulating tech-
niques gave better results than marrow stimulating techniques alo-
ne in humans >50 years old

III. Hyaluronic Acid (HA)
A. Hyaluronic acid is a carbohydrate component contained within 
synovial fluid that confers viscoelastic properties

1. In vitro it has been shown to enhance proliferation of cultured 
chondrocytes

2. Used in the ankle usually as a series of injections

3. Results felt to last somewhere between 6 and 12 months

B. Doral et al. did a Level 1 study that showed three intraarticular 
HA injections performed weekly beginning in the third postop week 
after arthroscopic debridement of microfracture significantly impro-
ved clinical outcome compared with microfracture alone

C. Mei-Dan et al. showed HA injections in patients with osteochon-
dral lesions caused a decrease in pain scores and an increase in glo-
bal functioning. Other studies he has done have shown it is not as 
effective as PRP

D. Salk et al. showed HA in a controlled randomized double-blind pi-
lot study was effective for relief of pain and improvement in function

References: 

1. Baums MH, Schultz W, Kostuj T, Klinger H-M. Cartilage repair 
techniques of the talus: an update. World J Orthop 2014;5:171-179.

2. Giannini S, Buda R, Battaglia M, et al. One-step repair in talar 
osteochondral lesions. Am J Sports Med 2013;41:511-518.

3. Hermanson EN, Ferkel RD. Viscosupplementation for degenerative 
joint disease of the ankle and foot. Tech Foot Ankle Surg 2008;7:56-
63.

4. Kon E, Mandelbaum B, Buda R, et al. Platelet-rich plasma 
intraarticular injection versus hyaluronic acid viscosupplementation 
as treatments for cartilage pathology: from early degeneration to 
osteoarthritis. Arthroscopy 2011;27:1490-1501.

5. Mei-Dan O, Maoz G, Swartzon M et al. Treatment of osteochondritis 
dissecans of the ankle with hyaluronic acid injections: a prospective 
study. Foot Ankle Int 2008;29:171-178.

6. Salk RS, Chang TJ, D’Costa WF et al. Sodium hyaluronate in the 
treatment of osteoarthritis of the ankle: a controlled, randomized, 
double-blind pilot study. J Bone Joint Surg Am 2006;88:295-302.

7. Smyth NA, Murawski CD, Fortier LA et al. Platelet-rich plasma 
in the pathologic processes of cartilage: review of basic science 
evidence. Arthroscopy 2013;29:1399-1409.

8. Smyth NA, Murawski CD, Haleem AM et al. Establishing proof of 
concept: Platelet-rich plasma and bone marrow aspirate concentrate 
may improve cartilage repair following surgical treatment for 
osteochondral lesions of the talus. World J Orthop 2012;3:101-108.

15.3.1
Repair of Chondral Defects: Microfracture vs. Cells
T. Minas 
Boston/United States of America

Introduction: The concept that marrow stimulation technique 
(microfracture, drilling, abrasion) as a first line treatment for all car-
tilage injuries “doesn’t burn any bridges” just doesn’t hold up to the 
data.

Content: Our long term results[1]showed that those patients under-
going correction of malalignment had the best survivorship with 
90% doing well at 15-17 years post op and those with prior marrow 
stimulation procedures fared much worse at 60%. These were large 
defects averaging 8.4 cm2. Our earlier review of 220 patients with 
prior marrow stimulation and 110 patients with no prior cartilage sur-

gery we found an 8% failure rate (92% success) in the “virgin” knee 
after ACI compared with a 26% failure rate (74% success)after prior 
marrow stimulation surgery.[2]

Work from Stanmore in a very large patient series of 827 patients 
followed on an average of 6.2 years demonstrated a 5 times increa-
sed failure rate after prior cartilage regenerative surgery![3]

Another excellent study by the same group[4], from Stanmore UK 
emphasizes the difficulty managing articular cartilage lesions on 
knees multiply operated upon with prior failed cartilage repair tech-
niques (1.3 prior surgeries), ’the salvage knee’. This large series, 104 
patients prospectively followed, of young patients, average 30 years 
old, with large cartilage defects-5cmsq on average, have suffered on 
average almost 8 years before being given an effective treatment for 
their painful knee. Treatment with ACI at 10 years minimum follow 
up is still effective in 74% of patients with a 26% failure rate on ave-
rage 5.7 years after treatment with ACI. In the surviving cases, 88% 
were good and excellent, 12% fair and poor.

When one considers the articular surface as an ‘osteochondral func-
tional unit’, it is not too surprising that penetrating the subchondral 
bone to obtain marrow cells results in bone healing with thickening, 
intralesional osteophyte formation, subchondral cyst formation and 
an often a hostile environment for the possibility of restoration of a 
new osteochondral functional unit. The repair tissue obtained with 
microfracture, a fibrocartilage surface on this abnormal subchondral 
bone may be why many series report short lived improvements with 
microfracture in the first 18 months after surgery which decline as 
early as 36 months. Results are especially poor with microfracture 
in the patellofemoral joint. [5] When ACI is performed after a failed 
marrow stimulation technique ACI fails by delamination or degene-
ration from a stiff subchondral plate most frequently. Large cyst for-
mation under the bone has also been observed.

The study by Knutsen et al. [6] although performed methodologically 
well, does not mirror the real world cases treated by surgeons. The-
se isolated defects were small, less 3 cm2 on average. The ACI cases 
were performed by inexperienced ACI surgeons still on their learning 
curve for a technically demanding surgery versus the straight for-
ward and simple microfracture technique from which it gathers its 
appeal.

This underscores the importance of providing the best treatment the 
first time with ACI, avoiding prolonged suffering and the best chance 
at a durable long term outcome for a young patient.
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15.3.3
Cancellous bone graft plus AMIC as a single step case for OCD
R. Jakob 
Motier/Switzerland

Introduction: In 2003 Behrens described the AMIC Procedure for sin-
gle step surgical treatment of articular cartilage lesions of the knee. 
We extended that indication for reconstruction of femoral OCD’s in 
the adult knee (Kusano et al) and for osteochondral talar lesions. 

Content: Technique: the bed of the OCD is curetted, multiple deep 
perforations are made with a 1,5 drill bit in the cancellous bed. Now 
a Chondro-Gide Matrix (Geistlich Biomaterials) is sutured around 
the defect to act as a kangaroo pocket, leaving it proximally open. 
Then the cancellous bone graft is retrieved from the iliac crest or for 
smaller defects from the proximal tibia at Gerdie’s tubercle or the 
distal femoral metaphysis. It is then mixed with Hydroxyapatite (Or-
thoss) to offset the shrinking tendency of the cancellous graft alone. 
This combined graft is then placed into the defect by which the Col-
lagen I/III matrix is slightly bulging to recreate condylar convexity. 
In case of femorotibial compartmental overload axial correction is 
recreated through concomitant or staged proximal tibial osteoto-
my. Partial weight bearing allows ingrowth of the graft and suffici-
ent consolidation of the OT to allow for full weight bearing after 6-8 
weeks. Over the next 4 months the bone is well-integrated and the 
Chondro-Glide, while serving as a host for an abundant number of 
MSC’s from the cancellous graft, gradually transforms into fibrocar-
tilagineous repair that can withstand considerable load because of 
the corrected and recreated mechanical axis.

In a closed series of AMIC procedures for isolated femoral cartilage 
lesions, for femoral OCD’s and for femoropatellar lesions the grea-
test improvements have been identified in the osteochondral sub-
group (Kusano et al). Not only did the bone reform well but we also 
observed the production of thick and strong neo-cartilage coverage.

According to literature 1 gr of cancellous graft chips equals 45 ml 
of marrow aspirate from the iliac crest in terms of counted MSC’s 
(Baboolal TG et al.). It may be feasible to use cancellous bone trabe-
cula as the MSC’s source in the way described. Through “homing” 
mechanisms these cells spontaneously transform into either osteo-
blasts for bone or into chondroblasts in the superficial layer. In sum-
mary we recommend this rather economic single step OCD repair 
This procedure may also have strong potential to repair isolated 
cartilage defects.
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15.3.4
Repair of deep Osteochondral Defects: AMIC with Cancellous 
Bone Grafting vs Sandwich Technique & ACI
L. Peterson 
Västra Frölunda/Sweden

Introduction: The repair of deep osteochondral defects (DOCD) is 
really a challenge for the orthopaedic surgeon. DOCD could be de-
fined as an empty hole in the articular cartilage , the underlying bone 
plate and trabecular bone due to a separation of a cartilage-bone 
fragment often appearing as a loose body in the joint . Obviously the 
most common underlying pathology is an osteochondritis dissecans 

in the knee joint in stage IV with an “empty nest” or a failed conser-
vative or surgical treatment with secondary loosening or resorption 
of the fragment ending up in a defect with pathologic barrier of scle-
rotic poorly vascularized bone left in the area being a hindrance for 
revascularization and healing.

Content: ETIOLOGY: Osteochondritis Dissecans (OCD) is a focal 
bone-cartilage lesion that affects growing individuals with open 
epiphyses and young adults where many etiologies have been sug-
gested such as trauma, repeated trauma or microtrauma with im-
pingement of the tibial spine against the femoral condyle ,causing 
fractures, stress fractures with no healing or delayed union due to 
vascular damage and continued loading and activities. Familial pre-
disposition and epiphyseal abnormalities have also been proposed 
among other causes and the etiology is still controversial. Cahill 
found a relation between sports active adolescents and OCD.

EPIDEMIOLOGY: The incidence of OCD is still uncertain .Hughston 
reported an incidence of 15-21 per 100.000 and Linden reported 
18 per 100.000 females and 29 per 100.000 males. A tendency has 
been observed that there is an increasing number of OCD among 
adolescent girls and boys with increasing sports activities. OCD is 
common in children and adolescents and young adults and there is 
a relation between OCD and sports activities and growing individu-
als. If OCD is diagnosed early and the epiphyses are still open there 
is a great opportunity for healing by conservative treatment if the 
fragment is stable or by early fixation of the fragment if unstable but 
viable. In adults the refixation is more hazardous especially in late 
stages. A deep osteochondral defect in this young population is a 
serious condition to treat.

DIAGNOSIS: History of onset ;trauma, overuse, sports activities 
others (family history), pain, swelling ,catching and locking, feeling 
a loose body is important information. The most common cause in 
young patients presenting with pain, lockings and effusion in the 
knee is a loose body from an OCD in 75% originating from the medi-
al femoral condyle.

PHYSICAL EXAMINATION: Swelling, tenderness, crepitations, mus-
cle hypotrophy are registered. Stability is tested .Varus, valgus and 
patellar alignment is evaluated.

IMAGING: Standing X-rays including HIP-KNEE-ANKLE for evaluating 
malalignment, joint space narrowing, bone pathology , epiphyseal 
status. MRI for assessing osteochondral pathology and defects.CT 
scan for patellofemoral joint. Bone scan for evaluating circulation in 
pathologic areas.

DIAGNOSTIC ARTHROSCOPY: To verify findings, planning of surgery 
and cartilage biopsy. Assess the size, depth and volume of the defect 
after intended abrasion of sclerotic bone, any cyst formation. Need 
for bone harvesting from iliac crest? Proximal lateral tibial condyle?

SURGICAL TREATMENT: ARTHROSCOPIC BONE GRAFTING.(Scott 
Gillogly, Atlanta ,Georgia.) Small<2cm2, depth <6mm. Arthrosco-
pic abrasion of sclerotic bone in the defect to bleeding spongious 
surfaces .Multiple drillholes (1-2 mm-5mm apart) into the spongious 
bone to increase bleeding. Harvest spongious bone (use a troacar) 
to fill and pack the defect up to the level of the subchondral bone 
plate. Inject fibrin glue over the surface of the bone graft and com-
press for 1- 2 minutes. Then harvest the cartilage biopsies for cell 
culture for second surgery to be performed after healing of the bone 
grafting and functional recovery.

Second surgery. A. Arthroscopic ACI. Gentle debridement of the 
surface of the bone graft area and the cartilage edges. Measure the 
cartilage defect. Size the artificial collagen membrane and inject the 
cells into it. Introduce it via a troacar and pressfit it into the defect, 
use fibrin glue to seal the border between cartilage and membrane. 
Check the stability of the membrane.

ALTERNATIVE SURGICAL TREATMENT DEEP OSTEOCHONDRAL DE-
FECTS OF THE KNEE:

1. Removal of the loose body leaving an empty nest. Initial success, 
quick recovery. In young patient( growing individuals and young 
adults) with continuous sport or hard labor fast progress into secon-
dary or posttraumatic osteoarthritis(OA):. Prognosis: Almost 100 % 
OA after 20-30 years (LINDEN,1977).

2. Refixation acute of single fragment after acute trauma or onset.
Only in growing individuals (open epiphyses) and in young adults 
with fresh vital fragment.



Invited Abstracts49

3. Replacement Mosaicplasty: only small (>2cm2 and shallow 
(>6mm) defects.No allograft in growing individuals.

4. Microfracture. Multiple drilling. No convincing long term results.

5. ACI alone without bone grafting.In shallow OCD defects less than 
6 mm bone depth. More than 90% patient satisfaction over 10-20 
years.

6. Autologous bone graft and ACI (SANDWICH PROCEDURE) : Re-
storing the bone pathology and defect and the articulate cartilage 
defect in one procedure. More than 90% patient satisfaction over 
10 to 20 years.

INDICATION FOR ACI in OSTEOCHONDRAL DEFECTS (“empty nest”) 
or OCD LESIONS (where unstable separated pathologic bone cartila-
ge tissue has to be removed):

a) ACI alone in small defects up to of depth 6-8mm with minimal 
bone pathology (sclerotic bone).

b) Sandwich Procedure ( SANDWICH-ACI) in large defects, depth 
6mm or more including bone pathology(cysts and sclerotic bone).

Assessment of adequate defect depth: 1. X-rays (frontal and lateral 
views) 2. MRI (frontal and lateral views). Measure from subchondral 
bone plate to bony bottom in mm and the depth after intended remo-
val of bone pathology into cancellous bone.3. During surgery abrade 
the sclerotic bone to healthy, bleeding cancellous bone. Measure to 
abraded bottom of defect, it usually adds 2-3mm.

OPEN SANDWICH PROCEDURE WITH ACI: General or spinal anesthe-
sia. Use tourniquet at your own choice. Central skin incision , medial 
or lateral arthrotomy. Inspect the joint. Assess the defect, measure 
the defect down to the sclerotic bottom ,abrade the sclerotic bot-
tom and sides to a bleeding healthy cancellous bone. Increase the 
bleeding by drilling 1-2mm holes 5mm apart in the bottom and to 
the sides . Than assess the cartilage defect and any uncontained 
periphery. Incise the cartilage into healthy cartilage with 2 mm mar-
gin to reduce apoptotic chondrocytes. Check the size and edges of 
the subchondral plate, the hole may be smaller than the cartilage 
lesion.Freshen up the edges of the subchondral bone plate. Measu-
re the defects and make templates of the subchondral bone plate 
and chondral lesion. Assess the defect volume. In large volumes be 
prepared for bone harvesting from iliac crest. Then harvest the tra-
becular bone , fill the defect partly and compress the grafted bone 
to avoid deep cyst formation. Then fill up to the level of subchondral 
bone plate and compress again and conture the bone plate. Very 
important. Now make the template for the bone plate. Incise upper 
medial tibia below the pes, dissect carefully the periosteum free 
from fat, fibers and vessels .Use the template and incise around it. 
Use a raspatorium to remove the periosteal membrane from the cor-
tical bone. Now go back to the joint and suture the membrane with 
the fibrous side facing the bone graft to the bone or cartilage edges 
with mattress or separate 5.0- 6.0 resorbable sutures. When neces-
sary use 1.2 mm drill holes through the bone plate for suturing and 
stretch out the membrane. Inject fibrin glue between the bone graft 
and the membrane and between the sutures.Take a dry sponge and 
press over the membrane for 2-3 minutes than remove the tourni-
quet if used and check for bleeding. Use drops of fibrin glue to stop 
any bleeding. Now perform the ACI with either a second periosteal 
membrane and inject the cells between the two cambium layers or 
use an artificial degradable collagen membrane sized to the cartilage 
defect and injected with the cells and then sutured to the edges and 
sealed with fibrin glue , a technique which we have been using the 
last 10-14 years with good experience. Any concomitant procedures 
needed were performed at the same surgery(osteotomies,ligament 
reconstructions etc.)

Postoperative mobilization. Early motion CPM 8 hours postop. Ac-
tive motion and isometric q-ceps-hamstrings training first postop 
day and partial WB 20 kg for 6-8 weeks depending individual status, 
progressive increase with 20-30 kg per 14 days until full WB at 12-
16 weeks. Biking, with low resistance when 90-100 degrees flexion 
is reached. Freestyle swimming and water training when wound 
healing is ok. Long distance walking and outdoor biking when full 
WB. Running on an individual basis 6-9 months as well as return to 
sports training and to competition 12-15-18-months after objective 
criteria of healing(clinical assessment, MRI and arthroscopy in pro-
fessionals).

RESULTS: All ACI patients since 1987 have been followed up and re-
ported at short, medium and long terms. OCD was not included in 
the NEJM article in 1994. The first OCD patient was operated with ACI 

in 1990 and in 2000 we reported 2-5 years result with 88%G/E in 26 
patients, in 2003 on 58 patients with a mean f.up of 5.3 years 93% 
were improved or G/E and in 2010 mean f.up 13 years(10-20years) 
had 81 % G/E results. Ninety-six % of the patients wanted the opera-
tion again when asked .Twelve % had the sandwich-ACI procedure. 
Only 2of 58 patients ( failure rate of 2%) had graft delaminations 
both between 15-18 months in deep OCD with ACI only, probably due 
to too early return to competitive impact sports. Both were reopera-
ted with acceptable results but no return to competitive sports.

DEMOGRAPHIC DATA: Duration of symptoms mean 7.8(0.1-36) 
y.median 5.8y.Defect size mean5.7 cm2(1.5-12)median5.5.Defect 
depth mean7.8mm(4-15)median7.9. Containment yes46, no12.Pre-
vious op.mean 2.1op.Male/female30/28.Juvenile onset yes35,no23.
Cause of injury accident 16,gradual onset 20, twisting 19 Others3.

SUMMARY: ACI have now been used clinically for more than 27 years 
in the treatment of cartilage lesions in over 2000 patients in Swe-
den. Since 1990 OCD has been an exciting indication for ACI even 
as a salvage procedure in deep osteochondral defects and lesions 
needing restoration of both the bony defect and overlying chondral 
defect. The results have been the best of all indications for ACI with 
an improvement in between 81 to 93% and a patient satisfaction in 
96.2% at 10-20 years.

CONCLUSION: The treatment of deep osteochondral defects and le-
sions with ACI or Sandwich procedure and ACI has by long clinical 
experience and by long term clinical follow ups proven to be durable 
and with high patient satisfaction and is a reasonable and safe alter-
native to other treatment options.The Sandwich Procedure and ACI 
is recommended for this condition.
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15.3.5
PRP for Cartilage: Real Hope or Just Hype ?
E. Kon, G. Filardo, B. Di Matteo, A. Di Martino, M. Marcacci 
Bologna/Italy

Introduction: Recent years have seen the flourishing of a new ap-
proach for the treatment of cartilage lesions. The most recent dis-
coveries in the field of growth factors (GFs) have led to widespread 
enthusiasm about the application of innovative biological strategies 
for treating these conditions. In this particular field, the role played 
by blood derivatives, and in particular Platelet-rich Plasma (PRP), is 
preeminent. Platelet-derived GFs contained in PRP are the most ex-
ploited way to administer a biological stimulus to several different 
damaged tissues, such as cartilage, tendons and muscle that might 
benefit from this particular approach. Being able to treat patients 
with a product derived directly from their own blood is an attractive 
proposition due to the theoretical reduced risks of intolerance and 
side effects than those commonly ascribed to traditional commercial 
drugs.

Content: PRP as an injective treatment Five randomized controlled 
trials have been published. Sanchez et al. investigated the efficacy 
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of single-spinning leukocyte-free PRP compared to HA in 153 pati-
ents evaluated up 6 months of follow-up. The only aspect where a 
superiority of PRP was found was the percentage of responders (pa-
tients with at least 50% of pain reduction), which was significantly 
higher in the PRP group. Besides this finding, the study did not show 
that PRP in moderate/severe OA was more effective than HA. Similar 
considerations were made by Filardo et al., according to the prelimi-
nary results (109 patients) of their randomized double-blind trial 
comparing PRP and HA: no statistical inter-group difference was re-
ported and just a tendency toward better results for the PRP group 
at 6 and 12 months follow-ups was found in patients affected by low-
grade cartilage degeneration (Kellgren Lawrence up to 2). Converse-
ly, Cerza et al. treated 120 patients by either Autologous Conditioned 
Plasma (ACP, a low concentrate PRP without leukocytes) or HA. Sur-
prisingly, the ACP group showed a significantly better performance 
than HA in all groups of treatment, including patients affected by 
grade 3 knee OA. Furthermore, the clinical gap between treatments 
increased over time in favor of ACP. Finally, a recent randomized trial 
by Patel et al. was the first to test PRP versus saline. Seventy-eight 
patients affected by Kellgren grade I-III OA were included and trea-
ted bilaterally with one injection of PRP, two injection of PRP (three 
weeks apart) or one injection of saline. Despite the low number of 
patients included, a significant difference was observed between 
PRP and saline solution in terms of clinical outcome. Interestingly, 
no difference was reported among patients who received one or two 
PRP injections. Only one paper investigated the efficacy of PRP vs HA 
in osteochondral talar lesions on 30 patients. In the short-term 28-
week evaluation a superior clinical performance was found in the 
PRP group. PRP application as an augmentation procedure in surge-
ry Dhollander et al. treated 5 symptomatic osteochondral defects of 
the patella with microfracturing followed by the application of a col-
lagen I/III scaffold membrane. PRP was administered beneath the 
membrane at the interface with the microfractured subchondral 
bone. Clinical results at 2 years were satisfactory both in terms of 
pain relief and functional improvement, and MRI evaluation showed 
good quality of the repair tissue. A further study by Siclari et al. sho-
wed the efficacy of a polyglycolic acid/hyaluronan scaffold im-
mersed in PRP for treating full-thickness chondral defects of the 
knee; 52 patients were treated arthroscopically by perforations and 
scaffold implantation. At 1 year of follow-up, a significant clinical im-
provement was observed in all KOOS subcategories. Talar osteo-
chondral lesions were treated by Giannini and his group, who used 
an innovative arthroscopic one-stage approach based on autolo-
gous bone marrow-derived mesenchymal stem cells (BMDCs), PRP 
and, alternately, porcine collagen powder or hyaluronic acid (HA) 
membrane to create a scaffold. The first clinical trial involved 48 pa-
tients affected by focal lesions and followed-up for 24 months using 
the AOFAS score. A significant increase in this parameter was found 
up to the final evaluation. The majority of patients returned to sport 
within 11 months . A correlation was found between clinical outcome 
and lesion size, and previous surgery was also shown to affect the 
outcome negatively. The overall findings suggested that this novel 
approach might produce results comparable to those of autologous 
chondrocyte implantation (ACI), but avoiding the double surgery 
time and the inherent stress for the patient. A further study by the 
same authors compared BMDCs + PRP + scaffold technique with 
open and arthroscopic ACI. Eighty-one patients were included in this 
analysis, 10 treated with open ACI, 46 with arthroscopic ACI, and 25 
with the BMDCs “one-step” technique. Clinical results were compa-
red for up to 3 years of follow-up. The clinical improvement in each 
subgroup was significant and no inter-group difference was obser-
ved, thus confirming the possibility of matching the effectiveness of 
chondrocyte transplantation by a single step procedure. X-Rays sho-
wed no signs of OA progression and MRI revealed a good rate of 
defect filling and integration. Another aspect worth noting is the 
cost: in fact, the authors claimed that their novel one-step regenera-
tive technique costs less than an half that of traditional arthroscopic 
ACI. This technique was also applied to condylar osteochondral 
knee lesions: 20 patients were treated and followed-up for 24 
months with IKDC and KOOS scores combined with MRI analysis. Be-
sides the significant improvement in clinical scores, interesting cor-
relations were found: combined surgery slowed down recovery alt-
hough at final evaluation similar results were obtained with respect 
to those of patients without combined procedures; hyper-intense 
MRI signal of repair tissue was correlated with poorer clinical re-
sults. In general, these preliminary reports suggested good results, 
but the low scientific level of these papers and even more the conco-
mitant application of different treatments hinder the possibility to 
understand the real role of PRP. DISCUSSION For what concerns the 
current understanding on the potential and feasibility of applying 
PRP in the management of cartilage pathology, first of all, looking at 
the surgical application it is not possible to draw definite conclusi-
ons about the efficacy of this treatment. It is very difficult to identify 
how much PRP might contribute to determine the clinical outcome 

with respect to the surgical treatment performed alone. Compara-
tive studies aimed at assessing the specific role of PRP are needed. 
Furthermore, in many cases PRP is administered together with other 
biological augmentation methods, such as mesenchymal stem cells 
or bio-engineered scaffold, so it is even more difficult to determine 
the contribution of the sole PRP. Maximum follow-up evaluation is 
24 months, so further studies are needed to determine the persi-
stence of the good clinical outcome of these particular procedures. 
In the near future PRP will be more and more widely used in cartilage 
regenerative techniques but, despite being safe, according to the 
present evidence there is still no recommendation for using it in 
such procedures. Considering PRP as conservative management, 
many preliminary studies have confirmed the safety of PRP and a 
promising clinical outcome, but also a gradual worsening over time. 
The majority of the randomized controlled trials available compared 
the efficacy of PRP versus HA. Actually it should be pointed out that 
each trial employed a different type of PRP. Two out of three studies 
revealed better results in the PRP group at 6 months of follow-up. 
The third one led by Filardo, which had the longest follow-up evalu-
ation of patients treated (1 year), reports no overall difference bet-
ween PRP and HA in terms of clinical outcome; just a tendency to-
wards better results in patients affected by a lower degree of 
cartilage degeneration was found. Therefore, in the case of more 
advanced signs of OA, PRP does not seem to be superior to visco-
supplementation, a conclusion that was also reached in the study by 
Sanchez et al. Surprisingly, Cerza et al. reported significantly better 
results for ACP even in grade III OA. All the randomized trials deal 
with the application of PRP in patients affected by very different 
stages of disease, from chondropathy to severe OA. Therefore no 
conclusions can be drawn about the possibility of applying this ap-
proach to a specific phase of cartilage degenerative pathology: sub-
group analysis does not allow, in any of the trials published, suffici-
ent statistical strength to provide a real clinical indication. What 
emerges can be considered just a “suggestion” to avoid the indiscri-
minate use of PRP, which seems to offer a clinical benefit but cannot 
yet be considered a first line treatment for this pathology. At the 
present moment the main problem related to PRP is the great inter-
product variability. Cellularity is maybe the most debated aspects, in 
particular with regard to leukocytes presence, but several other va-
riables have to be considered, such as the preparation procedures, 
activation methods, storage modalities, application protocols, and 
many other aspects that might not be of secondary importance for 
determining PRP properties and clinical efficacy. The number of vari-
ables to take into account is so many that it is likely to hypothesize 
that certain PRP formulations are not ideal for the treatment of carti-
lage pathology with respect to others and therefore research should 
move towards in identifying the best PRP features that could promo-
te cartilage healing and joint homeostasis. At the current state of art 
we are far from reaching this goal and clinicians should remember 
that using an autologous blood-derived product is not a guarantee 
of safety and efficacy in any case. New insights into the importance 
of technical and biological variables are now emerging and will pro-
bably help to optimize platelet concentrates for this clinical applica-
tion in the future. Until a new generation of products specifically 
conceived for intra-articular use is developed, physicians should be 
aware of the current options and their potential and limitations.
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15.3.6
PRP for Cartilage: Real Hope or Just Hype?
A. Mishra 
Menlo Park/United States of America

Introduction: Arthritis has become a worldwide epidemic with at 
least 27 million people exhibiting clinical symptoms in the United 
States alone. About 10 million of these patients have knee osteoar-
thritis. As the population ages, the need for total knee replacement 
is expected to soar to over three million procedures per year by 2030 
in America. Treating cartilage degeneration and arthritis already 
costs tens of billions of dollars per year and that number will also 
dramatcially rise in the next 10-20 years.

Content: In the context of this epidemic, biologic treatments are 
emerging as potential treatments for cartilage degeneration and 
arthritis. Components of blood, bone marrow and adipose tissue 
have been explored in basic science, preclinical and clinical trials. 
Platelet-rich plasma (PRP) is one of these nascent biologic options 
that has shown significant promise. It may represent the best initial 
option because of its simplicity, high safety profile and availability at 
the point of care. PRP was initially proposed as a treatment a biolo-
gic treatment for tennis elbow that had failed conservative manage-
ment almost 10 years ago. A recently published prospective, rando-
mized double-blind, multicenter controlled trial of over 200 patients 
found leukocyte enriched PRP is 83.9% successful in the treatment 
of chronic lateral epicondylar tendinopathy. Can this level of success 
translate to arthritis? Importantly, PRP has been extensively studied. 
As of early 2015, there were over 7600 published references on Pu-

bMed with 579 new articles in 2014 alone. This is a rapidly evolving 
area of research with data arising from all over the planet. Many of 
the recently published articles and presentations support the use of 
PRP especially for knee osteoarthritis. Several randomized, control-
led trials have shown clinically meaningful improvements for pati-
ents treated with PRP who have mild to moderate knee ostearthritis. 
Patients with more severe arthritis have not done as well. Some tri-
als have also shown only equivocal value for PRP when compared to 
various control groups. Overall, however, a recent systematic review 
and meta-analysis found PRP reduced pain better than placebo and 
had a significant effect on pain when compared to hyaluronic acid 
injections for patients with knee arthritis. The trials evaluating PRP 
as a treatment for knee arthritis have had different inclusion and ex-
clusion criteria. Many different formulations of PRP have also been 
investigated including leukocyte rich, leukocyte poor, activated and 
unactivated versions. Dosing is yet another variable with studies 
employing from one to three injections spaced from one week to one 
month apart. All of the trials, however, reported a very high safety 
profile for PRP. PRP has also been studied in the context of sever-
al different surgical procedures including application in the combi-
nation with other biologic treatments and injections after surgery. 
Researchers and clinicians are encouraged to review the references 
listed below as well as the hundreds of other references on PubMed 
and reach their own conclusions. The presented and published pre-
sently support significant optimism for clinicians and patients who 
are interested in using PRP for cartilage and arthritis. The formulati-
ons and protocols, however, are not yet optimized. With continued 
worldwide research and development efforts, we will soon be able 
to clarify how to best utilize a component of our own blood to halt 
or perhaps even reverse the effects of cartilage degeneration and 
arthritis. PRP, therefore, represents real hope and not just hype.
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19.1.2
A La Carte for Rebuilding the Knee. Adressing Stability, 
Alignment & the Surface
J.M. Scopp 
Salisbury/United States of America

Introduction: The knee joint is an organ in that it is a grouping of tis-
sues with a disctinct structure that performs a specific task. When a 
defect in the articular cartilage develops, either from microtrauma or 
macrotrauma, the surgeon must consider the multiple variables that 
influence the ultimate repair process. Macroscopically, we define 
the functional unit of articular cartilage as being influenced by limb 
alignment, meniscus status and ligamentous stability. Microscopi-
cally, we define the function unit of the chondrocyte as being influ-
enced by growth factors, subchondral bone and scaffolds. As the 
surgeon considers joint preservation techniques, it is imperative to 
maintain the global picture of the joint as an organ and not to simply 
focus on the articular cartilage defect.

Content: As a surgeon, it is important to understand the natural hi-
story of an untreated articular cartilage defect. It has yet to be pro-
ven that asymtomatic lesions need to be treated. Rather, they need 
to be followed closely for the development of symptoms. When we 
track the ‘Joint Qulaity of Life’ algorithm, we first educate patients 
about their defect. We then track their activity level, symptoms and 
exam every 3 months. If the defect becomes symptomatic, joint 
preservation is offered. The mechanism of injury is investigated 
and categorized as traumatic or microrepetitive. Next, prevention 
of ongoing disease is discussed. This prevention may include acti-
vity modication or surgery. Systemic details are identified incuding 
hormonal issues, female athletic triad, fitness, fatigue and return 
to sport goals. The knee joint is evaluated as an organ. Limb align-
ment, meniscus status and ligamentous stability combine to form 
the functional unit of articular cartilage. Additional considerations 
are patient’s BMI, smoking status, willingness to comply with post-
operative protocols and realistic expectations. If surgery is offered, 
a two column list is created. Column 1 includes the pathology and 
column 2 includes the solutions. At this point, the necessary proce-
dures are evaluated to consider which can be combined and which 
are staged. If enough information is not obtained during history, 
physical and radiological evaluation, a diagnostic knee arthroscopy 
is recommended to gain more information about the necessary joint 
preservation procedures. When an articular cartilage defect is evalu-
ated arthroscopically, it allows for accuarate sizing as well as under-
standing the relative surface area. A 1cm defect in a 4’11” gymnast will have a different 

impact in joint function when compared to a 1 cm defect in a 6’10” basketball player. Additionally, bone loss, defect 

containment and subchondral edema are considered. When considering treatment options, the tibiofemoral joint has 

different characteristics that the patellofemoral joint. An understanding the joint kinematics will be presented. We 
will present an a la carte concept of rebuilding the knee joint. The 
typical progression of a concept that is designed and implemented 
will be resverse engineered to allow for current concepts and proce-
dures to be broken back down into concepts. Reverse engineering 
allows for an existing system to be evaluated and compared to the 
new target system in an attempt to refine current treatment options. 
Reconstruction of the surface rarely results in durable repair without 
consideration of knee stability and alignment. Technical considera-
tions including high tibial osteotmy, distal femoral osteotomy, tibial 
tubercle osteotomy meniscus allograft transplantation and liga-
enent reconstruciton will be presented. 

References:

Emerging options for the treatment of articular cartilage injury in the 
athlete. Mithoefer K, McAdams, TR, Scopp, JM, Mandelbaum, BR. 
Clin. Sports Med 28(2009) 25-40

19.1.3
Treatment of osteochondral defects with Bone Block and 
Chondrocyte Transplantation
P. Angele, S. Grechenig, C. Pfeifer, R. Kujat, M. Nerlich, J. Zellner 
Regensburg/Germany

Introduction: Large osteochondral defects of the knee are still a 
challenge for regenerative treatment. The remodeling of the oste-
ochondral unit and especially of the subchondral plate seems to be 
crucial for successful treatment of osteochondral lesions. In recent 
years the subchondral bone and its importance for a successful re-
generative therapy of osteochondral lesions and the articular sur-
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face unit in the knee came into focus, as severe symptomatic and un-
stable osteochondral defects of large size and depth are difficult to 
treat. Reasons for these lesions are e.g. osteochondritis dissecans 
(OD), osteonecrosis or trauma. While many authors report good to 
excellent longterm-results after treatment of small osteochondral le-
sion with osteochondral transplantation (OCT) less is known about 
treatment options for large and deep osteochondral defects, as the 
complication rate of OCT inclines correlated to defect size. Few al-
ternative treatment options are described in literature. However re-
section of large adult OD lesions resulted in bad clinical outcome 
and development of osteoarthtritis. Refixation of large grade 4 ODs 
failed to integrate into the surrounding bone and showed no clini-
cal improvement in long term. However in recent years regenerative 
treatment approaches for large osteochondral defects showed pro-
mising results. Many authors report of good to excellent outcome 
after matrix guided autologous chondrocyte transplantation (MACT) 
for treatment of large isolated cartilage lesions. Combined with 
bone augmentation this technique can also be used for treatment 
of osteochondral defects. Ochs et al. saw a remodeling of articular 
cartilage and subchondral bone after bone grafting with monocor-
tical cancellous cylinders and MACT for treatment of deep OD lesi-
ons. Vijayan et al. described a method of impaction bone grafting of 
the defect with cancellous bone harvested from the medial femoral 
condyle and covered with MACT. However some defect locations 
and geometries especially towards the notch border, where osteo-
chondral defects are often located, are not suitable for impaction 
bone grafting due to the missing defect containment. Although the 
reconstruction of the subchondral plate seems to be mandatory for 
a successful treatment of deep osteochondral defects there is still 
a lack of information about the best method to address the bony 
part of the osteochondral lesion. This study represents the largest 
number of patients in literature with deep osteochondral defects 
treated with bone augmentation combined with MACT. According to 
defect depth and size bone defect filling was performed with cancell-
ous bone impaction or implantation of an autologous bicortical bone 
graft from the iliac crest covered with MACT. The purpose of this stu-
dy was to analyze the 1 to 3 year clinical outcome and radiological 
results in the MRI after treatment of large and deep osteochondral 
defects with bone augmentation and MACT (Case series; Level of 
evidence, 4).

Content: Material and Methods: In 46 patients (19 women, 27 men; 
mean age: 28 years) 47 osteochondral defects (mean defect size, 
6,7cm2) were treated with a one step bone augmentation combined 
with matrix guided chondrocyte transplantation. The inclusion cri-
teria for this procedure were: Symptomatic osteochondral defects 
with a size > 3cm2 with International Cartilage Repair Society (ICRS) 
grade 3 and 4 osteochondral lesions of the knee. Exclusion criteria 
were loss of meniscal tissue due to total or subtotal meniscecto-
mies, uncorrected axial deviation, knee instability, (rheumatoid) ar-
thritis of the knee, rheumatoid arthritis or infection of the knee. The 
most common defect location was the medial condyle (n=35). Other 
locations were the retropatellar surface (n=1), the lateral condyle 
(n=8) and the trochlea (n=3). Reasons for the osteochondral defects 
were osteochondritis dissecans (n=34), osteonecrosis (n=8) or car-
tilage lesions with large subchondral cysts (n=5). In every case we 
performed arthroscopy to evaluate the osteochondral lesions. If a 
lesion was judged suitable for MACT combined with bone augmen-
tation, two or three osteochondral plugs were taken from the oste-
oarticular margin on the lateral wall of the notch of the knees. The 
osteochondral plugs were sent to a certified laboratory (TETEC AG, 
Reutlingen, B. Braun Aesculap AG, Germany) for further preparation 
of the matrix guided chondrocyte transplantation. After 3 weeks of 
cultivation, the cell-matrix constructs were sent to the hospital for 
implantation. Through miniarthrotomy the osteochondral defects 
were exposed. At this time the quality of the subchondral bone was 
evaluated, sclerotic bone removed with a curette and the bone de-
fect measured. The mean depth of the defect was 10mm. After deci-
sion for bone augmentation cancellous bone (n=16) was harvested. 
If decision was made for bicortical bone block augmentation (n=31) 
because of depth, shape or localization of the defect, an autologous 
bone graft was harvested from the iliac crest and fixed in the defect 
with resorbable PLA pins (Smart-Nails, Fa. Conmed, Utica, US). The 
cell-matrix constructs were then placed in the defects covering the 
bone augmentation and fixed with resorbable 6-0 sutures. Patients 
were followed at 3, 6 months, 1, 2 and 3 years and clinically evalua-
ted using the International Knee Documentation Committee (IKDC) 
score and the Cincinnati score. A MRI evaluation was performed at 3 
months 1, 2 and 3 years, and the Magnetic Resonance Observation 
of Cartilage Repair Tissue (MOCART) score with specific subchon-
dral bone parameters (bone regeneration, bone signal quality, os-
teophytes, sclerotic areas, and edema) were analyzed by 3 blinded 
reviewers. Results: The preoperative status of the patients showed 
IKDC scores in the mean of 43 (18-72). Postoperative IKDC scores in-

creased significantly (p ≤ 0,01) in the first year to mean scores of 75 
points (48-100). To the 3 years follow-up, subsequent increase can 
be detected to mean scores of 90 (62-98). The mean Cincinnati score 
improved significantly from preoperative 40 points to 80 points 3 
years postoperative. Statistically no significant differences could 
be seen in the results of the IKDC Score and the Cincinnati Score 
between bone augmentation with bicortical bone block or cancello-
us bone grafting at one year postoperative (p=0,800). A significant 
increase in MOCART scores could be detected with time in all sub-
groups by 3 blinded reviewers. No operative revision was needed, 
no implant failure could be seen. Conclusion: The study showed pro-
mising clinical and radiological results after regenerative treatment 
of large osteochondral defects by MACT combined with bone aug-
mentation. Depending on the defect size and depth the bone defect 
filling was performed with a bicortical bone block or cancellous bone 
from the iliac crest covered with a MACT in a one step procedure. 
Clinical evaluation with the IKDC or the Cincinnati score showed si-
gnificant improvement 1 year, 2 years and 3 years after the operati-
on. Especially the reconstruction of the subchondral plate seems to 
be crucial for a successful treatment of the osteochondral unit. In 
the radiological analysis 1 year postoperative assessed by MOCART 
score and special subchondral evaluation parameters good resto-
ration and remodeling of the subchondral bone and the osteochon-
dral unit was detectable in most cases. So regenerative therapy of 
large osteochondral defects with bone augmentation covered with 
a MACT seems to be a promising treatment option for these challen-
ging injuries of the knee especially in young patients.
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19.2.2
Stem Cell Treatment for Cartilage Injuries: Equine Studies
C.W. Mcilwraith 
Fort Collins/United States of America

Introduction: The recognition that bone marrow-derived mesenchy-
mal stem cells (BMSCs) can differentiate into cells of different line-
ages has now been widely established1,2 and more recently this has 
been recognized with equine BMSCs. Pittenger et al described MSCs 
as “multipotent cells that are present in adult bone marrow that can 
replicate as undifferentiated cells and have potential to differentiate 
to lineages of mesenchymal tissue including bone, cartilage, mus-
cle, ligament, tendon, adipose and stroma. Using GFP labeled BM-
SCs their ability to localize and participate in repair of damaged joint 
structures, including articular cartilage, has been confirmed.3 This 
paper will present results of studies in the horse in treatment of inju-
ries of articular cartilage (and associated trauma) with mesenchymal 
stem cells (MSCs). 

Content: Choice of Stem Cell Type and Route of Administration Pre-
vious work in the author’s laboratory has demonstrated that BMSCs 
were superior to adipose derived stromal vascular fraction.4 Two 
strategies of administration have been evaluated in the horse: BM-
SCs held in a focal defect by a matrix or BMSCs injected free into 
the joint space. Direct implantation of MSCs To date the published 
literature on focal articular cartilage repair using MSC implantation 
in the horse is limited to experimental studies. The use of a fibrin 
scaffold to retain MSCs within cartilage defects has been reported; 
however, this technique necessitates that autologous MSCs are pre-
pared prior to surgery. Using a fibrin matrix to contain or implant the 
MSCs has shown limited success in one equine study where 15mm 
cartilage defects in the lateral trochlear ridge of the distal femur 
showed no benefit at eight months despite improvement being seen 
at 30 days.5 Another experimental study evaluated the use of bone 
marrow autologous concentrate (BMAC) held in the experimental de-
fect with a fibrin glue and demonstrated superior results compared 
to microfracture alone in gross, histologic, MRI and repair tissue bi-
ochemistry6.It is recognized that BMAC is a combination of MSCs (in 
relatively low numbers), other cells and platelet rich plasma (PRP). 
Because BMAC contains around 120,000 BMSCs, a dose currently 
considered suboptimal, the role and significance of the MSCs in the 
cellular could be questioned. In another study, a PRP/fibrin control 
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was compared to a PRP/fibrin containing BMSCs.7 Evaluation of the 
results included MRI and biomechanics as well as macroscopic and 
microscopic examination. The use of autologous platelet enhanced 
fibrin (APEF) with or without BMDMSCs resulted in fair to good inte-
gration and fill of defects when treated arthroscopically and histolo-
gically although no significant difference existed between groups. 
While 11/12 of defects repaired with APEF alone had good fill, 4/12 
defects repaired with APEF with BMSCs developed bone within the 
repair tissue.7 The results of this study suggest the use of PRP with 
a higher number of MSCs (10 million compared to 120,000 study in 
the Fortier et al study) may yield unwanted results. Implantation of 
articular cartilage chondroprogenitor cells Mesenchymal stem cells 
derived from the superficial layer of the articular cartilage (articular 
cartilage chondroprogenitor cells) have shown some promise in he-
aling of focal equine cartilage defects. Autologous chondroprogeni-
tor cells showed improved arthroscopic, macroscopic and histologic 
outcomes compared to fibrin alone or empty defects.8 Allogeneic 
chondroprogenitor cells on the other hand demonstrated radio-
graphic pathologic change in treated defects compared to autolo-
gous cells and most outcome parameters in this group were similar 
to fibrin alone. Direct intraarticular administration of MSCs When 
MSCs are injected directly into the joint of rats, the cells have been 
shown to populate both the articular cartilage as well as the synovi-
al membrane.3 In a randomized controlled experimental trial in hor-
ses, subchondral bone microfracture was performed on focal 1cm2 

defects of the medial femoral condyle followed by treatment with 
either HA alone or HA plus 20 million bone marrow-derived cultured 
expanded stem cells.9 A single treatment was administered 4 weeks 
post-surgery and the horses were followed for 12 months while 
being subjected to strenuous exercise on a high-speed treadmill. 
The horses receiving BMSCs had significantly firmer repair tissue at 
12 months compared to HA alone and had significantly more agg-
recan staining in the repair tissue suggesting a better matrix being 
produced by the resident cells of the repair tissue. Currently based 
on the equine studies, it appears that for focal defects, direct injec-
tion into the joint space coupled with marrow stimulation technique 
holds the most promise at this time. A clinical trial in horses fol-
lowing arthroscopic surgery has also been published. We regularly 
follow-up arthroscopic surgery for meniscal tears and/or other soft 
tissue lesions, as well as articular cartilage erosion with 20 million 
autologous BMSCs four weeks after surgery. This clinical trial was 
developed after the publication in goats where the ACL was tran-
sected in addition to excising the entire medial meniscus, with intra-
articular injection of 6 million autologous BMSCs six weeks after in-
duction of the process. The remarkable finding in this study was the 
impressive and rapid regeneration of a “neo-meniscus” like tissue 
in 7/9 treated joints (50-70% regeneration of the original meniscal 
volume). Secondary osteoarthritis was reduced in the MSC treated 
joints at six weeks but this protective effect was not as evident at 20 
weeks. The clinical study in horses reported clinical outcome after 
intraarticular administration of bone marrow-derived mesenchymal 
stem cells in horses with femorotibial injury. There were 40 cases 
with mean follow-up time post treatment of 24 months. All cases 
had failed routine treatments, were moderately severe in their clini-
cal symptoms and had arthroscopic surgery confirming the injuries. 
Twenty-nine of 40 (72.5%) returned to some level of work, 15 out of 
40 (37.5 %) returned or exceeded their prior level of work and 11 out 
of 40 (27.5%) did not achieve work status prior to follow up.10 The 
potential for the use of allogeneic BMSC clinical treatment has been 
explored. A study to evaluate the immunosuppressant capabilities 
of equine BMSCs on MHC-mismatched lymphocytes demonstrated 
dose-dependent immunosuppression of stimulated lymphocytes by 
mismatched equine BMSCs supporting their future application in al-
logeneic BMSC clinical treatments.11
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19.2.3
Utility of Gene Therapy
L. Goodrich 
Fort Collins/United States of America

Introduction: Gene therapy for joint disease has been in existence 
for 2 decades. Its applications have included therapy for osteoar-
thritis, cartilage repair, rheumatoid arthritis and other, less common 
joint abnormalities. There is a large body of evidence in both ani-
mal studies and clinical trials that suggest the therapy is safe and 
effective[1-4]. So where are we now and what does the future hold 
for gene therapy? Will it be a clinical reality and if so when? This pre-
sentation will give a brief overview of gene therapy, a background 
on what has been done and where it is going as a clinical modality 
to treat joint disease.

Content: Intra-articular gene therapy is typically administered by 
one of two approaches, 1) direct or otherwise known as in-vivo or 
2) indirect or otherwise known as ex-vivo[3]. Direct gene therapy is 
most often administered into the joint by intra-articular injection and 
indirect is commonly performed by delivering cells that have been 
genetically modified to the joint. Many different types of cells have 
been utilized for ex-vivo gene therapy including synoviocytes, chon-
drocytes, mesenchymal stem cells, or antigen presenting cells. 

The concept of direct in-vivo injection of gene therapy vectors is 
straightforward. Therapeutic complementary DNA (cDNA), is placed 
into a vector backbone (usually derived from a virus) and the gene 
therapeutic vector is then injected into the joint. The injection of the-
se vector particles usually results in transduction of the tissues wi-
thin the joint to result in production of the desired therapeutic pro-
tein intra-articularly. Tissues within the joint that are targets most 
commonly include synovium, ligaments, cartilage and perhaps joint 
capsule[5]. For many gene therapeutic vectors, chondrocytes within 
the cartilage are not efficiently transduced due to the dense matrix 
components of cartilage although one viral vector, adenoassociated 
viral vector (AAV) appears to perhaps overcome that barrier. The ov-
erarching goal for the gene therapeutic approach is to get long-term 
protein production in the diseased joint to both reduce inflammation 
and enhance catabolism to result in a reduction or a reversal of di-
sease progression.

Ex-Vivo gene therapy entails utilizing gene therapy vectors in cell 
culture, transducing the cells and then injecting the cells into the 
tissue (or joint). The benefits of this approach are that the gene the-
rapeutic vector is only “present” for the life of the cells that were 
transduced and present. This approach may be easier for regulatory 
agencies to accept for this reason. The major disadvantage is that 
since the transduced cells that were injected will probably have a 
short life span compared to a cells that was transduced in situ, the 
protein expression will only last for the life of the cell.
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Many different transgenes have been used intra-articularly to treat 
joint disease, the most common including interleukin receptor an-
tagonist protein (IL-1ra), insulin-like growth factor-I (IGF-I), transfor-
ming growth factor beta (TGF-ß), and human tumor necrosis factor 
receptor-immunoglobulin Fc (TNFR:Fc). 

Viral gene therapy has been most commonly utilized due the fact 
that nonviral gene delivery has not been efficacious in animal mo-
dels[6]. Viral vectors that have been successfully utilized in-vivo in 
animal models include adenovirus, AAV, retrovirus, herpes simplex 
virus (HSV) and lentivirus[1, 7, 8]. As one would expect, all viral 
vectors have advantages and disadvantages. Adenovirus and HSV 
initiate inflammation and cytotoxicity within the joint and, most 
importantly, do not result in long-term expression of transgenes. 
Retroviruses require host-cell division and therefore are generally 
only utilized for ex-vivo transfer since cell division is low in the intra-
articular environment[9]. Lentivirus, also considered a retrovirus but 
a nononcoretrovirus, can stably transduce joint tissues but also in-
serts the cDNA into the cellular genome which has been associated 
with disease from insertional mutagenesis[10]. While lentivirus can 
result in long-term expression, the complexity of their biology and 
safety concerns have lessened the enthusiasm for their use. Much 
excitement has been generated for use of AAV vectors in intra-ar-
ticular gene therapy in the last decade. The viral vector appears to 
safely and efficiently transduce joint tissues and while it does not 
incorporate into the cellular genome, it stays episomally and results 
in long-term production of protein[1, 4, 11]. Advances in the biology 
of AAV have also made the vector more efficient as in its wild type 
state it exists as a single stranded DNA virus that counts on the cel-
lular machinery to produce protein. Advances in self-complementary 
AAV viral vectors (scAAV) have overcome this barrier and resulted in 
much more efficient intra-articular vectors[12, 13]. 

To date, there have been six clinical trials of in-vivo gene therapy, 
4 of which are published[1]. Two clinical trials have been performed 
using retrovirus to deliver IL-1ra[9, 14], two clinical trials have been 
performed using AAV to deliver TNFR-Fc[4, 11], one has used plasmid 
HSV-tk (unpublished) and one using NFkB oligonucleotide (unpu-
blished). While initial results of clinical trials have shown promise, 
the field has been troubled by FDA mandates of gene therapy trials 
to be either terminated or put on hold due to complications of pa-
tients in trials until they have been successfully proven to be gene 
therapy related or not. In one trial in which a subject died that was 
injected into the circulation of the liver proved to be a large barrier 
to getting gene therapy back on track[15]. Another trial in which a 
subject died after a high dose intra-articular injection of AAV again 
put progress on hold until the death was concluded to be non treat-
ment related[16].

Further clinical trials both in humans and animals are on the fore-
front of advancement of gene therapy. Most likely the few clinical 
trials published along with the large body of pre-clinical data that 
exist on the utility of gene therapy for nonfatal diseases such as 
osteoarthritis, cartilage degeneration and rheumatoid arthritis will 
prove that this therapy will most likely conquer most concerns re-
lated to safety and efficacy. Since no highly effective drugs exist for 
the treatment of OA and over 40 million people suffer from this di-
sease, an efficacious treatment would be a welcomed clinical entity.

Currently, gene therapy is experiencing resurgence, especially in the 
field of arthritis. Many animal models reveal efficacy and enthusi-
asm exists for continued testing to treat both humans and animals 
that suffer from cartilage damage and osteoarthritis[7, 8, 12, 17, 18]. 
The field will continue to experience significant hurdles such as the 
need to prove safety and efficacy, as well as adequate funding. This 
will most likely slow progress but the current data indicate great 
promise and most certainly gene therapy will overcome significant 
hurdles and achieve success in the face of various challenges.
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19.2.4
Animal models of OA - Mouse Models of Knee Injury and 
Osteoarthritis
L. Sandell 
St. Louis/United States of America

Introduction: Mouse Models of Knee Injury and Osteoarthritis 

Content: Small animals provide a reproducible model system in 
which to test the effects of injury in the short term and the long-term 
pathobiology of the development of osteoarthritis (OA). In addition, 
the effects of potential various treatments for events occurring du-
ring injury and OA can be tested. In this talk, we will focus on two 
models of osteoarthritis. (1) the destabilization of the medial-tibial 
meniscal ligament (DMM) and (2) a non-invasive impact injury. The 
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DMM model has become the standard for many laboratories investi-
gating the impact of specific gene mutations or knock out of specific 
molecules on the development and severity of OA. Many laboratories 
have used common inbred strains as OA models such as C57BL/6, 
DBA and MRL. We have taken approach that allows us to inquire 
about the genetics of OA, through using recombinant inbred strains 
(RI) of mice and the advanced intercross (AI) of the strains LG/J and 
SM/J. The LG/J strain is a close relative of the MRL super healer mou-
se and heals its ear wounds well. The SM/J strain is a “non-healer” 
mouse that does not heal ear wounds within a month. The RI and AI 
lines have members that are at the extremes of ear wound healing 
and span the range in between healing and non-healing. Using the-
se genetic models, we have demonstrated that healing of articular 
cartilage has a significant genetic component that is related to the 
ability to heal ear wounds in a positive manner (1). In contrast, the 
ability to heal cartilage is inversely related to the development of 
OA, thus individuals that heal poorly have a higher tendency to de-
velop degenerative disease (2). These findings indicate that there 
are healing processes active in cartilage that likely to protect the 
cartilage from degeneration. In the model of non-invasive cartilage 
injury in the mouse, we show early events that can be manipulated 
to potentially protect the joint from a degenerative response to the 
injury (3). Two important events are found to occur at these early 
times (1 to 14 days), apoptosis in the cartilage at the site of impact 
and a variable degree of proliferation in the synovium. We have also 
identified a different response in cells surrounding the direct impact 
zone. There is a significant difference in response of the synovium 
and cartilage if the impact forces are high enough to rupture the an-
terior cruciate ligament (ACL): the cartilage is damaged throughout 
the joint and ectopic calcifications form in the synovium. Cellular 
events and potential treatments will be discussed.
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19.3.1
World Wide Gaps in Cartilage Repair
D. Goyal, A.D. Goyal 
Ahmedabad/India

Introduction: Cartilage treatments are currently aimed at two im-
portant groups. On one side it is aimed to treat the young isolated 
cartilage lesions completely, while on the other side it is aimed to 
bridge the gap between the conservative methods and replacement 
methods in the young arthritic knees. These two are very important 
gaps in the overall joint care of modern orthopaedics. Interestingly, 
while cartilage surgeons are trying to fill these treatment gaps; carti-
lage repair science itself is suffering from a worldwide gap. The gap 
is just not restricted to one or other domain, but is at multiple levels. 
The gaps are everywhere; in the science, in beliefs, in regions and in 
the regulatory controls.

Content: The gaps in the cartilage science itself starts from the de-
velopment of the science, understanding of science, distribution of 
science, availability of science, experience in science and in the deli-
very of science. Marrow stimulation procedures (MF), osteochondral 
bone transfers, Autologous chondrocyte implantation (ACI), stem 
cells; all these procedures evolved independent of each other. Each 
procedure has its advantages and disadvantages. If a gap between 
these different methodologies of cartilage repair can be reduced 
and these techniques merge, then added advantage of each other 
can reduce the gap in the development of cartilage science. For ex-
ample, 1st generation ACI taught us utilisation of cells and 2nd/ 3rd 
generation taught us importance of scaffolds. Marrow stimulation 
techniques taught us importance of already present autogenous 

stem cells. Merging of ACI and MF science helped to reduce the gap 
and paved way for single stage scaffold based techniques. The gap 
is also noted in the belief of laymen, heath professionals, general 
practitioners and specialists. While some has started believing in 
the science, others have doubts and many are not at all aware of 
its existence. There can be different regions in the same country or 
different surgeons in the same hospital that may or may not concur 
with the cartilage evolution of the last two decades. Two similar sur-
geons in the similar situation may either opt to do a knee repair or 
a uni-knee in a smilier case of medial compartment osteoarthritis 
case. It might happen that a developed country doesn’t have access 
to 3rd generation ACI due to strict regulatory controls, while a develo-
ping country has all the generations of ACI available because of lack 
of any regulatory control. A surgeon coming from that developing 
country will then have a much higher experience than the surgeon 
of the developed country. An average cartilage surgeon is thus figh-
ting many gaps like a basic fight of belief between newly evolved 
technology and older myth of non-healing cartilage, ethical issues 
of performing a ‘very likely but a non-guaranteed outcome’ surgery, 
regulatory issues of his country, convincing administration to make 
various cartilage repair techniques available etc. To understand the 
gap better, we did a survey of ICRS members/ non members and 
tried to find out few of the gaps that have in the minds of orthopae-
dic surgeons related to cartilage repair. The talk covers the results 
of this survey to understand worldwide gaps in the cartilage repair. 
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19.3.2
Partial knee replacements: Their Role & Outcomes: Hemicap
T. O’Donnell 
Dublin/Ireland

Introduction: Focal articular, or osteochondral defects (OCD) of the 
femoral condyle of the knee are common. The overall incidence is 
unknown, although some studies quote an incidence > 60% in all 
arthroscopies. There are various treatment options available, most-
ly focused around biological regeneration of cartilage, using tech-
niques such as microfracture, osteochondral allo- and autografting, 
and autologous chondrocyte implantation. These techniques require 
prolonged and sometimes difficult rehabilitation for the patient, and 
overall results in terms of function and pain relief are varied. Focal 
resurfacing of articular cartilage defects using metal implants (Hemi-
CAPTM, UniCAPTM, PF FocalTM, Arthrosurface) is a new technique that 
allows the use of modular components which are designed to match 
the geometry of the defect. This allows for quicker rehabilitation for 
the patient, and provides an alternative to biological regeneration 
for the treatment of OCD. We describe early experience with a single 
surgeon series of 220 cases with a minimum 40-month follow-up in 
terms of pain relief, complications, failure rate, and overall functio-
nal improvement.

Methods:
We prospectively followed up 220 patients who had a focal resurfa-
cing of an isolated focal articular lesion of either the medial or late-
ral condyle or the trochlea performed between July 2009 and June 
2011. All surgeries were performed by a single surgeon, who was 
fellowship-trained in preservation techniques (including biological 
regeneration) of the early-arthritic knee.

The usual demographic data was recorded such as age, gender, 
body mass index (BMI), and occupation. In addition, sporting acti-
vity was recorded. WOMAC and Oxford knee scores were recorded 
pre-operatively, at 6 weeks, 6 months and annually thereafter. 
Weight-bearing radiographs, as well as a merchant patellofemoral 
view, were performed to assess for alignment and patellar sublu-
xation or tilt. Range of motion of the knee was recorded by an inde-
pendent physiotherapist, and patients were asked to fill out a short 
satisfaction questionnaire.

Peri-operative data such as tourniquet time, blood loss, use of re-
gional blockade, length of stay and analgesia requirements were 
recorded.
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All patients were mobilized full weight-bearing on crutches post-
operatively, weaning themselves to independent mobilization over 
a 2-3 week period.

Further information recorded was time taken off usual employment, 
as well as the period patients were unable to drive. In addition, in-
formation was garnered regarding when, and if, patients returned to 
their desired level of sporting activity.

Statistical analysis was performed using SPSS.

Results: There were 114 men and 88 women, with 18 bilateral 
surgeries, performed in a staged fashion. This gave a total of 220 
surgeries. No patient was lost to follow-up in the study period, 
although one patient emigrated two years post-operatively. She 
was contacted by e-mail, and was able to provide data regarding 
the condition of her knee. The average age at time of surgery was 38 
years (Range:17-63 years). The average BMI was 25 (Range:18-40). 
Average length of follow-up was 51 months (Range:40–68 months).
Of the 220 knees, 192 had undergone a previous arthroscopy, and 
102 had a documented biological regeneration procedure performed 
(94 microfracture, 5 osteochondral transplantation, 2 autologous 
chondrocyte implantation). Data was lacking regarding the type of 
rehabilitation advised to these patients, and based on the informati-
on volunteered by participants in the study, there was a wide variety 
of rehabilitation regimes employed.

The average weight-bearing Hip-Knee-Ankle axis was -2° (Range:+4° 
- -10°).

Of the 220 lesions, 168 were isolated to the medial femoral con-
dyle (MFC), 22 to the lateral femoral condyle (LFC), and the remai-
ning 30 to the trochlea. The average size of the OCD was 360mm2 
(Range:150mm2 – 700mm2).

All surgery was preceded by arthroscopic examination of the joint, 
performed either prior to the definitive surgery, or at the time of the 
definitive surgery. 120 patients had evidence of previous meniscec-
tomy, and 35 had meniscal tears debrided at the time of the initial 
arthroscopy. 25 patients had complete rupture of the anterior cru-
ciate ligament (ACL), and this was reconstructed, using hamstring 
graft, at the time of performing the focal resurfacing in all cases. 43 
knees were noted to demonstrate additional focal articular wear, se-
parate to the primary lesion. Of these, 38 lesions were noted to be 
in the trochlea, 4 on the LFC in cases of resurfacing of the MFC, and 1 
on the MFC in a case of resurfacing of the LFC.

Surgery was performed through a medial or lateral arthrotomy de-
pending on the location of lesions on the femoral condyles, and a 
curved parapatellar incision for lesions of the trochlea. Surgery was 
performed in the fashion recommended by the manufacturers, using 
the implant most suited to the geometry of the lesion. Average tour-
niquet time was 28 minutes (Range:16 – 52 minutes). Blood loss was 
minimal and not recorded.

All patients were mobilized full weight bearing on crutches on the 
day of surgery. Active quadriceps rehabilitation was commenced im-
mediately, and patients were discharged home with a compression 
bandage and cryocuff appliance for cold compression. Patients were 
then reviewed by the wound nurse at 2 weeks, and then serially at 
6 weeks, 6 months, and annually thereafter. They were advised to 
dispense with the crutches between 1 and 2 weeks post-operatively, 
advised to avoid driving for 10-14 days, and encouraged to start 
swimming and cycling at 3 weeks. They were commenced on active 
weight-training regimes at 4 weeks, and were encouraged to run at 
3 months. Competitive contact sports were encouraged at 6 months.

There were no cases of deep venous thrombosis post-operatively. 
There was no significant improvement in ROM (p>0.1). There was 
a significant improvement in the WOMAC score from a pre-operative 
average score of 1450 (Range:1200 – 1540) to an average score of 
222 (Range:186 – 550) at 2-year follow-up (p<0.01). 25 patients un-
derwent further arthroscopic examination of the joint in the follow-
up period for new onset pain. 19 of these had a debridement of an 
acute meniscal tear. 3 had debridement of excess cartilage growth 
around the implant, and 2 patients demonstrated progressive wear 
of the tibia since the time of their resurfacing procedure. Both of the-
se patients were women aged between 50 and 55 years. One patient 
re-injured the knee after returning to contact sports following a he-
miCAPTM resurfacing of the LFC. Arthroscopic examination revealed 
that there was an acute injury to the circumferential articular cartila-
ge around the hemiCAPTM implant. This was explanted and replaced 

with a uniCAPTM implant. The patient is now 3 years post revision, 
and back playing contact sports.

Of the 202 patients, 102 wished to play contact sports post-opera-
tively. 82 returned to contact sports, at a level commensurate with 
their ability. 20 were unable to, or decided against it.

When asked if they would undergo the procedure again, 198 pati-
ents, out of a total of 202, said that they would, and that they would 
recommend someone in similar circumstances to.

Conclusions: Focal resurfacing of articular lesions is a new tech-
nique, with a lack of reported long-term follow-up. However, we 
report excellent results from a high-volume single surgeon centre 
with a minimum of 40-month follow-up. The technique can be 
applied to all ages, is associated with a quick rehabilitation 
compared to biological regeneration techniques, and associated 
with a low complication rate.
We believe that the results are at least comparable with those re-
ported for various biological regeneration techniques, and should 
be considered a viable alternative when treating these lesions, re-
gardless of pathology or age.

19.3.3
Focal Knee Resurfacings – Filling the void between biological 
resurfacing and arthroplasty.
P. Jermin1, J. Yates1, M.J. Mcnicholas2 
1Liverpool,/United Kingdom, 2Liverpool/United Kingdom

Introduction: The treatments for osteochondral defects (OCDs) are 
varied, largely falling into the categories of cartilage regenerative 
procedures (CRPs) or arthroplasty. Both of these methods have 
strengths and weaknesses. Here we discuss a modern technique to 
deal with these - focal knee resurfacing implants.Cartilaginous le-
sions are found in up to 61% of knee arthroscopies, and due to the 
properties of articular cartilage, they have limited capacity for self 
repair and can lead to propagation and further deterioration. Sym-
ptomatic improvement and preservation of the native joint are the 
goals of treatment in these patients. These lesions have traditionally 
been treated with cartilage regenerative procedures or arthroplasty.

Cartilage Regenerative Procedures: A UK national consensus paper 
is currently being published regarding these. Microfracture is often 
used as a first line treatment of lesions less than 2cm2 (1), this tech-
nique is relatively straightforward and cost-effective but the carti-
lage it produces is mechanically inferior to native hyaline cartilage 
and its lifespan variable, estimated to be between 2-5 years in high-
demand patients(2). Autologous chondrocyte implantation (ACI) 
is used to treat medium to large full thickness defects. It involves 
2 stages, is expensive and labour intensive for both surgeon and 
patient but it has shown good long term results with 10 year survi-
vorship of 71% and 75% of patients reporting improved function(3). 
It has also been shown that ACI following prior marrow-stimulating 
treatment has a much higher failure rate (26% failure vs 8% in those 
who have and have not had prior treatment, respectively.)(4) There 
are a number of different cartilage regenerative techniques, all of 
which have good results, they all, however, require intensive reha-
bilitation, a period of protected weight-bearing, often 2 procedures 
and these limitations make them unsuitable or undesirable for many 
patients.

Focal Knee Resurfacings: Due to the limitations of CRPs and the poor 
survivorship and satisfaction rates amongst young patients with 
knee arthroplasties, focal knee resurfacings have been developed 
with a view to ‘fill the void’ between these two treatment modali-
ties. They are all performed as a single stage minimally-invasive ap-
proach and allow immediate weight bearing on the operated limb.

Content: There are a few such implants on the market. In our unit, 
we use the BioPoly RS Knee system as part of a national multi-
centered trial. It is an uncemented devise, the articular surface is 
a microcomposite of UHMWPE and hyaluronic acid, creating a hy-
drophilic articulating surface with a material that has a more simi-
lar modulus of elasticity to the native cartilage than the traditional 
metal bearing surface. Currently, this devise is only available in the 
EU. The inclusion/exclusion criteria for our study allow for inclusion 
of patients 21 years and older with focal chondral or osteochondral 
lesions that are within the size limitations of the implants, up to 3.1 
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cm2 .The main exclusion criteria for the study include kissing lesions 
in the opposing tibial cartilage along with BMI >30. 

Biopoly implants size options and intraoperative view. One of the 
earlier devices is the HemiCAP. This consists of a cannulated cancel-
lous screw with a tapered distal tip made of titanium alloy. This con-
nects to an articular dome via a Morse taper, the dome is available 
in two diameters, 15 & 20mm. The articulating surface is a cobalt-
chromium-molybdenum alloy with plasma spray coverage on the 
undersurface for bony on-growth. The Episealer is a patient specific 
joint resurfacing implant devise that has recently become available 
for usage, it uses PSI technology to obtain an anatomical fit but the-
re is, currently, no human data on it’s performance. 

Pressure mapping looking at metal implant on tibial cartilage 
contact pressures, peak 7.24MPa, active contact zone loaded area 
- 314m2 and BioPoly implant on tibial cartilage contactpressures, 
peak 3.46MPa, active contact zone loaded area - 471mm2. These 
pressure mappings demonstrate that the BioPoly produces 52% lo-
wer contact pressure on the tibial surface and the contact load zone 
is 50% greater than compared to a metal implant. This has the effect 
of reducing compressive strains on the tibia by 66%. Clinical Results 
of Focal Knee Implants In 2011 Becher et al(5) produced their 5 year 
follow up results of using the HemiCAP for medial femoral condyle 
defects. Their patients’ mean age was 54 and there were 21 patients. 
They found an overall improvement in the KOOS score, as compa-
red with their pre-operative scores, in all domains (pain 51.1 to 77.6; 
symptoms 57.9 to 79.5; ADLs 58.8 to 82.4; sports 26.3 to 57.8 and 
QOL 34.4 to 55.0.) Their SF-36 physical health score improved from 
an average of 15.2 to 46.9, although the mental health component re-
mained unchanged. 16 out of 21 patients were satisfied with the pro-
cedure. In 2012, Bollars et al (6)found similar results, reporting that 
83% of patients had normal or nearly normal post operative scores 
at an average follow up time of 34 months. They also found that pati-
ents who did not meet their inclusion criteria fared poorly with 7 out 
of 8 patients who had the procedure but did not meet these required 
conversion to a total knee replacement. The exclusion criteria were: 
age >65, BMI > 35Kg/m2, coronal plane malalignment > 7 de-
grees varus / valgus, inflammatory arthropathy, chronic instability, 
> grade II changes in opposing tibia, significant symptomatic da-
mage to articular surface in other compartments, lesion greater dia-
meter > 20mm. The 2013 Australian joint registry(7) reported their 

5 year revision rate for partial knee resurfacings (all HemiCAPs) was 
26.4%, they represented 0.4% of the Australian knee arthroplasty 
market. 86.4% of implants were performed for osteoarthritis, 74.4% 
of patients were under 55 years of age and there was a male majo-
rity at 54%. Of the 176 implants, 125 (71%) were femoral, 10 patella, 
6 tibial, 7 trochlea and 2 unknown. The most common reasons for 
revisions were disease progression (58.7%,) loosening (15.2%) and 
pain (6.5%). Most primary partial resurfacings are revised to either 
total knee replacement (54.3%) or unicompartmental (26.1%). The 
remainder include revision to a patella/trochlear (8.7%), addition of 
another resurfacing component (8.7%) or removal of the prosthesis 
(2.2%). The 2 year results from the BioPoly RS Knee Registry Stu-
dy (26 implanted at time of writing) show an average patient age of 
45 and an average lesion size of 2.2cm2. 14 patients have 6 month 
follow up, 3 have 2 year follow up. The data thus far shows global 
improvement in KOOS and VAS assessments. At 6 months, 1 year 
& 2 years post operatively (compared to pre-operative scores,) the 
KOOS shows the following improvements - Symptoms: from 48 to 
73, 75 & 90 (6/12, 1 year & 2 years). Pain 47 to 79, 76 & 97. ADLs 58 
to 89, 90 & 100. Sports 23 to 55, 53 & 95. QOL 25 to 50, 47 & 94. VAS 
improved from 3.3 to 0.6, 1.8 & 0. There have been no revisions so 
far of BioPoly implants. Regarding focal knee resurfacing implants, 
the literature is limited by small case numbers, brevity of follow up, 
most data relates to a first generation implant and we do not yet ful-
ly know who is our ideal patient. All of these limitations are a result 
of a nascent technology, we await with interest longer term studies 
using the ‘next generation’ implants.
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19.3.4
Partial Knee Replacements: Their Role & Outcomes: Episurf
L. Ryd 
Malmo/Sweden

Introduction: Treatment of the injured cartilage remains a chal-
lenge. It is generally agreed upon that cartilage lesions beyond a 
certain, small size do not heal. The correlation, however, between 
lesion size and location, progress, and symptoms is rather unclear. 
. It is becoming increasingly evident that not only the cartilage but 
also the underlying bone should be considered, especially since 
this is where the pain must stem from. From this perspective, MRI 
appears to be the optimal assessment tool for the knee with com-
promised cartilage, since other tools, for example arthroscopy, only 
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allows assessment of the cartilage 2D surface. In the clinical setting, 
the finding, by arthroscopy or MRI, of a “hole in the cartilage” in a 
painful knee without any other pathology is common: Treatment is 
warranted. In the last two decades, intense research has focused 
on the problem along three principal pathways; cell therapy, oste-
ochondral transplants and, more recently, small metallic implants 
such as Hemicap and now The Episealer! The Episealer, by Episurf, 
is a second generation metallic implant featuring patient specific 
curvature of the part of the implant facing the joint cavity and also 
individualized guide instruments to ensure precise positioning of 
the implant in the joint. 

Content: The ability to replicate the anatomy, understand the under-
lying bone condition and adapt the implant to this as well as have a 
tool that allows correct fitting, has arguably answered some of the 
questions raised by the results of the first generation metal im-
plants. The EpiSealer implant is the end point of the whole process 
with the start being a 3D MRI sequence protocol that allows images 
to be taken so that the surgeon and radiologist to see the underlying 
bone conditions as well as the cartilage. The system is called uifide-
lity and it allows the bone cartilage interface to be assessed for the 
correct size, shape and geometry of implant to be positioned accura-
tely. The 3D images are then used to build the implant and positio-
ning the tool. This patient specific modelling allows the implant to fit 
the lesion and deal with the underlying bone issues. In addition the 
patient specific tool allows correct alignment and implantation. The 
personalised nature of this technology means that there is a high 
degree of replicability from patient to patient and surgeon to sur-
geon. The implant itself is one-piece made of ordinary Chrome-Co-
balt “implant grade” alloy, which is double coated by a layer of HA 
on top of a layer of Ti for permanent fixation by bony in/ongrowth. 
Primary fixation is by interference fit. There are currently 2 implants 
types that can be personalised: Both the Condylar and Trochlear im-
plants have CE mark regulatory approval for use. This approval has 
been supported by 3 distinct studies with over 50+ insertions in ani-
mals and a patient pilot study starting December 2012. The Condylar 
Implant approval was obtained in July 2013 and the Trochlear Imp-
lant in 2014. They are both subject to a controlled product release as 
the EpiSealer is commercialised. This proof of concept studies sho-
wed the importance of the personalisation of the implant surface, 
the importance of the correct positioning and that the implant needs 
to be recessed below the level of the surrounding cartilage. Compu-
ter simulations. Using relevant dimensions and forces, a FE-model 
of a condylar implant was designed and various sized and depth-of-
implantation was studied. The results showed that a positioning so-
mewhat recessed relative the surrounding cartilage was preferable, 
the larger the size the closer to the surface, however. In the sheep an 
optimum was found around 0.3 mm recessed (1). There was a time 
depended hysteresis of the load carried by the opposing cartilage on 
to the implant suggesting that during normal gait (1 Hz), for examp-
le, little load passes through the implant to opposing cartilage. (2) 
Results from sheep studies In a first series, the influence on the 
opposing cartilage from the implant was studied. Using a first versi-
on of guide instruments, there was a varying precision of implantati-
on and this enabled a ”dose-response” type of analysis. The im-
plants had clear effect on the opposing cartilage and a proud implant 
resulted in severe cartilage damage. When, however, the implants 
were somewhat recessed below the surrounding cartilage along the 
entire circumference, opposing cartilage injury was small (3). In a 
second series, follow for 12 months, the fixation of the implants was 
in focus. The bone-implant interface proved to be almost completely 
fused together, with a bone-to-implant contact (BIC) of a mean 
90.2% at 6 months and 92.3% at 12 months. There were very few 
cysts present and those that were found showed a histologic picture 
of healing, rather than progress. There were some unexpected signs 
of adherence between surrounding cartilage and HA (4). This possi-
ble “chondrointegration” is presently in focus in new sheep studies. 
The Episealer kit. Using the experience from the animal studies and 
focusing on the imperative need for operative precision, an instru-
ment kit was designed with an individualized guide featuring a cur-
ved surface made to fit the condyle in question perfectly. On this 
curved surface a hollow tube is attached so that the implantation 
axis is exactly perpendicular to all tangents of the femoral condyle at 
the centre of the lesion. A “dummy”, an exact replica of the implant, 
is the third and last individualized instrument. A cartilage cutting de-
vise, two adjustment rings, a bone drill and a rod to tap the implant 
in place constitute a kit of seven instruments that is delivered “just 
in time”. The implant is inserted and the remains of the kit are dis-
carded (single use). No inventory is needed at the operative site. 
Indications. Decisive clinical assessment is made my arthroscopy 
but as discussed preferably, by MRI, where the status of the under-
lying subchondral bone can be assessed. A contained cartilage lesi-
on of, maximum, 3-4 cm2 for the condylar and ≈ 7 cm2 for the troch-
lea constitutes the target. Often, a subchondral oedema indicates 

also subchondral involvement with activated pain fibres. A metal 
implant may appear less appealing in the young (< 35 -40 years), 
where biological methods can be tried. After a failed biological treat-
ment, recent reports suggest markedly inferior result should a new 
biologic attempt be made. Here, “salvage” by a metal implant may 
be reasonable. For the older patients, a treatment “gap” is currently 
discussed. Cell therapy works less well and a metal implant as a pri-
mary procedure may be warranted.. There should be no signs of OA 
on standing radiograms, there should be a straight leg on long films 
and tibial cartilage status must be ≤ ICRS 2. Clinical experience The 
first implant was inserted in December 2012.. The indications have 
been as salvage after failed biological treatment of various kinds, 
mostly microfracturing, but also OATS and some cases of osteone-
crosis. There is presently a mean follow-up time of ≈12 months. The-
re have been no revisions, hence survival at up to 2 year = 100%. 
The interpretation of the MR-images have proven to be quite satisf-
actory, and there have been a close correspondence between the 
damage reports and the actual lesions found during surgery in most 
cases. Implantation precision and implant fit have generally been 
excellent and post-operative radiographs have shown an implant in 
the “designed” position. Radiostereogrammetric analysis (RSA) has 
been performed on the initial cases (5). None of these have shown 
any migration hence confirming the good bonding capacity of the 
devise also in the human setting. Assessment of patient wellbeing 
has been done with the use of the KOOS instrument. All patients are 
presently satisfied with their operation with a mean KOOS score at 
the latest follow-up of 92, 89, 87, 80 and 63, for pain, symptoms, 
ADL, sports and Quality-of-life, respectively. The mean increase from 
the pre-operative status were 40, 53, 33, 52 and 50 for the five do-
mains. Due to the salvage nature of the operations, many patients 
have started with a very poor pre-operative status. Conclusions The 
initial experience with the Episealer devise has been favourable. The 
manufacturing sequence from MRI through CAD/CAM to delivery “in 
time” has worked perfectly in all cases. Technically, the operation is 
easy to perform through a mini-arthrotomy between the level of in-
sertion of the meniscus and the insertion of the medial vastus ten-
don. Operative time is short and day-surgery routines are applica-
ble. Clinical results have been satisfactory with considerable 
improvement in all cases. At best, the Episealer has resulted in a 
“normal knee” in some cases. The individual Episealer devise has 
worked well on the femoral condyle. For the trochlear implant, ho-
wever, the customisation may prove even more decisive given the 
large variability of trochlear anatomy. Previous experience with me-
tal resurfacing has shown good long-term results for selected cases, 
minimal opposite cartilage wear on radiography and well being ap-
proaching that of healthy controls. With adaptation to normal anato-
my even better and, possibly, permanent results are to be expected. 
We suggest that a metal implant may constitute an excellent alterna-
tive after “failed biology” in the younger and, possibly, an appealing 
primary treatment in the somewhat elderly that often find them-
selves waiting for many years for a TKA.
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21.1.1
Platelet-Rich Plasma & Orthobiological Use in Cartilage 
Disorders - A Systematic Review of Randomized Controlled Trials
B. Mandelbaum1, B. Sherman2, J. Bradely3 
1Santa Monica/United States of America, 2Pomona/United States of 
America, 3Pittsburgh/United States of America

Introduction: Background: The role of platelet-rich plasma in knee 
osteoarthritis management remains a controversial topic.

Purpose: The purpose of this systematic review is to explore high-
level evidence on the use of intra-articular injections of platelet-rich 
plasma for treatment of knee osteoarthritis.

Study Design: Systematic review, Level of evidence: I

Content: Methods: A systematic and comprehensive search of the 
PubMed Medline database using various combinations of “knee os-
teoarthritis,” “cartilage,” “platelet-rich plasma,” “PRP,” “gonarthri-
tis” and “platelet rich growth factors.”

Results: 5 randomized, controlled clinical trials were included in this 
study with a total of 575 patients. 4 studies compared platelet-rich 
plasma (PRP) versus hyaluronic acid (HA) and 1 study compared 1 
versus 2 PRP injections with a saline control. Overall, studies sho-
wed a significant improvement in pain, stiffness and joint function 
for PRP treated groups over baseline measurements, HA treatment 
and saline injections. Minimal adverse events were experienced and 
were typically post-injection pain and swelling.

Conclusion: Platelet-rich plasma is a safe and effective treatment 
for knee chondropenia & early osteoarthritis. PRP treatment is more 
efficacious than HA for reducing patients’ pain, stiffness and impro-
vement physical function.
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21.2.1
Cartilage Signalling
F. Beier 
London/Canada

Introduction: Cartilage degeneration is a hallmark of osteoarthritis. 
Over the last decades it has become very clear that this is not just 
a passive process of where and tear. Instead, chondrocytes play an 
active role in this process, responding to various extracellular si-
gnals and releasing both catabolic and anabolic factors involved in 
cartilage maintenance, remodeling and degeneration. This presen-
tation will give a short overview of this area, including some of our 
recent findings.

Content: Numerous extracellular signals act on chondrocytes. This 
includes proteins (growth factors, cytokines, extracellular matrix 
molecules), metabolic factors, small molecules such as prosta-
glandins, ions and mechanical forces. Collectively these signals 
determine both the general cellular behavior of articular chondro-
cytes (proliferation, de-differentiation, hypertrophic differentiation, 
autophagy, apoptosis…) and the expression of specific genes that 
mediate either cartilage homeostasis or breakdown (such as MMP 
and ADAMTS genes). Many studies including genome-wide screens 
and hypothesis-driven projects have identified a plethora of re-
ceptors for these signals expressed by chondrocytes. These inclu-
de cell surface receptors for soluble signals and matrix molecules 
(tyrosine and serine/threonine kinase receptors, integrins etc.) as 
well as intracellular receptors (such as nuclear receptors). Clearly 
chondrocytes have the ability to directly respond to many different 
signals. However, how all of this information is processed and in-
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tegrated into coordinated cellular behavior is not well understood. 
Moreover, the relevance of results from classical cell culture expe-
riments, in particular those in monolayer culture on plastic, to the 
behavior of chondrocytes in situ is often questionable. However, a 
better understanding of the processes connecting extracellular si-
gnals to changes in gene expression is required to better manipulate 
chondrocyte behavior for regenerative, therapeutic and preventive 
purposes. Our work focuses on signaling, epigenetic and transcrip-
tional events controlling chondrocyte behavior. One of our main 
projects will be covered here. Using microarray analyses in a rat 
model of osteoarthritis, we showed that the growth factor TGFalpha 
(transforming growth factor alpha), which signals through the EGF 
(epidermal growth factor) receptor, is upregulated in osteoarthritic 
cartilage1. We further demonstrated that TGFalpha induces mole-
cular events associated with osteoarthritis, such as suppression of 
Sox9 expression and induction of MMP13 expression2, 3. Inhibition 
of TGFalpha-EGFR expression, through knockout of the Tgfa gene 
in mice (Usmani et al., submitted) or pharmacological inhibition of 
EGFR in rats (Appleton et al, submitted), delayed the progression of 
post-traumatic osteoarthritis in our rodent models. However, recent 
data from several groups suggest that the role of the EGFR pathway 
in cartilage degeneration is more complex and likely context-depen-
dent. For example, cartilage-specific KO mice for the EGFR antago-
nist Mig6 showed enhanced chondrocyte proliferation and increa-
sed thickness of articular cartilage, suggesting that activation of this 
pathway can have anabolic effects4, 5. While much remains to be lear-
ned about the specific roles and targets of this pathway in cartilage 
homeostasis and degeneration, these data clearly demonstrate that 
this relatively novel player in joint biology presents an important pi-
ece in the chondrocyte signaling puzzle.
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21.2.3
Meniscus: Understanding Function Towards Engineering 
Replacements
S. Maher1, T. Santner2, C. Brial1, A.L. Lerner3, T. Chen1, H. Wang1, H. 
Guo1, S. Rodeo1, R.F. Warren1 
1New York/United States of America, 2Columbus/United States of 
America, 3Rochester/United States of America

Introduction: Surgical treatment of the damaged meniscus is the 
most commonly performed orthopaedic procedure, with over one 
million surgeries in the US annually. Despite this prevalence, few 
options exist to repair or replace the meniscus. In the United States, 
the only approved procedure for meniscal replacement is the use of 
meniscal allograft transplantation (MAT). MAT is intended to protect 
the femoral and tibial articular surfaces from degenerative changes 
by restoring meniscal function. However, for reasons that are un-
clear, a subset of young, active patients do not benefit from this sur-

gery. Until we understand how the meniscus and its currently used 
replacement grafts function throughout activities of daily living, it 
will be impossible to design scaffolds or implants to restore this 
damaged tissue. Our goal was to develop a test platform capable 
of characterizing the functional characteristics of the meniscus as 
a function of patient and meniscal design variables. To achieve this 
goal, we developed a unique combination of cadaveric, computa-
tional and patient-based models, which together could be used to 
understand function throughout activities of daily living.

Content: Methods Cadaveric model: This module was designed to 
fully characterize joint mechanics for intact, meniscectomized and 
MAT knees during simulated gait. Twelve human cadaveric knees 
were subjected to multi-directional loads to mimic gait.1 Contact 
stress across the tibial plateau was measured using a thin resistive 
sensor (Tekscan, Boston, MA) that was placed underneath the me-
nisci and across either the lateral or medial plateau (n=6 knees per 
group). In each group of knees, intact, meniscectomized and MAT 
conditions were simulated. In the lateral compartment, the menis-
cus was replaced using a keyhole technique, while in the medial 
compartment, the meniscus was replaced using transosseous fi-
xation via bone plugs. The following outcomes were quantified: 
Contact area, peak contact stress, and weighted center of contact 
stress (a measure of contact location)2. Data was computed at two 
points in the gait cycle at which axial load peaked (14% and 45% of 
the gait cycle). A paired one-way repeated measures ANOVA with 
Tukey post-hoc test was used for statistical analysis, with p<0.05 
representing significance. Patient-based models: This module was 
used to provide confidence in the contact mechanics quantified in 
the cadaveric model, by quantifying joint contact stresses intra-
operatively in lateral MAT patients. Joint contact mechanics were 
measured using the same calibrated resistive sensor as in the cada-
veric study, which was placed across the lateral tibial plateau of 4 
patients. A custom designed boot, with an axial load cell was used to 
quantify manually applied forces in the axial direction with the knee 
in full extension, so that the magnitude of force equaled 50% body 
weight. Contact mechanics were quantified in the meniscectomized 
and again in the MAT condition for each patient. Statistically aug-
mented computational models: This module was designed so that 
the effect of patient and meniscal design variables on joint contact 
mechanics could be analyzed. Three human cadaveric knees were 
scanned using MRI, and the articular cartilage, menisci and bones 
were segmented and imported into COMSOL finite element model-
ling software. Articular cartilage was modelled as an elastic tissue, 
meniscal tissue was modelled as a transversely isotropic material, 
and its attachment to bone was modelled as linear springs. Bone 
was modelled as being infinitely stiff. Each knee was subjected to 
knee-specific multi-directional kinematics measured from the cada-
veric models, in which walking was simulated. The computational 
models were programmed to represent the following meniscal varia-
bles (circumferential and radial/axial moduli - Ecm, Erm, stiffness of 
the meniscal attachments - Slpma, Slamp) and patient variables (va-
rus/valgus alignment – VVA, and articular cartilage modulus - Ec). 
The contact mechanics data generated from the FEM runs were used 
as input to a statistical interpolator to compute the variables’ effect 
on knee joint mechanics: (i) load sharing between the medial and 
lateral compartment (ii) load sharing between the cartilage-cartilage 
contact area and the cartilage-meniscus contact area within a com-
partment, and (iii) force in individual zones. Results Cadaveric mo-
del: Effect of meniscectomy: Lateral compartment - Meniscectomy 
significantly increased contact stress and decreased contact area 
throughout the gait cycle. MAT led to an average increase in peak 
contact stress of 1.5 MPa, relative to the intact condition throughout 
the stance phase of gait, Fig 1A. Despite variability across specimen, 
there was no significant difference between intact and MAT condi-
tions, but at 45% of the gait cycle, contact area was significantly lo-
wer for the keyhole fixation compared to intact, Fig 1B. The center 
of contact shifted posteriorly after meniscectomy and was partially 
restored with MAT. Medial compartment – Meniscectomy signifi-
cantly increased contact stress and decreased contact area at 14% 
of the gait cycle. There was no significant difference between intact 
and MAT for peak contact stress and contact area at 14% of the gait 
cycle. The center of contact shifted peripherally, and this offset was 
partially restored with MAT. 
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Figure 1 [A]: Average change in peak contact stress between intact 
and meniscectomy on the lateral and medial plateau throughout 
the stance phase of gait; lateral compartment meniscectomy led to 
changes throughout the stance phase of gait, while medial menis-
cectomy led to changes only in early stance. [B]: Average change in 
peak contact stress between intact and lateral MAT and medial MAT. 
For both compartments, contact stress changes were less compared 
to meniscectomy, but increases relative to intact of approximately 
2MPa were present throughout gait in the lateral compartment. Pati-
ent-based model: All four patients demonstrated a concentration of 
contact stress in the posterior aspect of the tibial plateau in the me-
niscectomized condition. MAT, redistributed these contact stresses, 
and led to increased contact area and reduced peak contact stress, 
Fig 2A,B. The magnitude of change was variable across knees, Table 
1, averaging at 0.9 MPa, which was within the range of that quanti-
fied in the cadaveric study. The center of contact shifted anteriorly 
after MAT. 

Figure 2: [A] Difference in contact stress between meniscectomized 
and MAT for two representative patients [B] change in peak contact 
stress and contact area between meniscectomized and MAT condi-
tions for each of the four patients. Statistically augmented computa-
tional model: The radial and circumferential modului of the meniscus 
were critical in determining knee joint mechanics in early and late 
stance of gait. However for knees that tended to have greater laxity 
in the mid-stance phase of gait, the stiffness of the articular cartila-
ge, Ec, influenced force distribution across the tibial plateau. Speci-
fically, decreased cartilage modulus led to increased forces through 
the meniscal-cartilage contact area. Joint contact mechanics in the 
medial compartment were more sensitive to Ecm than those in the 
lateral compartment. Finally, the stiffness of meniscal attachments 
in the range studied had minimal effects on the knee joint mecha-
nics. Discussion By way of a unique combination of cadaveric, com-
putational and patient-based models, we have demonstrated that: 
(i) the effect of meniscectomy on joint contact mechanics is sensitive 
to the phase of gait and the compartment being considered (ii) both 
lateral and medial compartment contact mechanics were improved 
with MAT, but the extent of restoration was sensitive to the method 
of fixation, and varied from patient-to-patient, (iii) even if circumfe-
rential and radial modulus in meniscal substitutes are controlled, 
changes in articular cartilage modulus, can redistribute joint contact 
forces. The platform of tests herein described was designed to fully 
characterize the functional mechanics of the meniscus and a sub-set 
of surgical treatments, chosen for their very different effects on the 
knee joint: the meniscectomized condition represents the worse-
case scenario, which is known to lead to the development of joint 
damage, while MAT represents a currently used procedure, the out-
come of which is variable. By studying the effect of patient variables 
using a computational model, we have the opportunity to study this 
variability across a wide patient population. It is our goal to use this 
combination of pre-clinical and clinical models to develop a robust 
framework for the functional assessment of new technologies for 
meniscal repair, prior to and during clinical use. So that by compa-
ring the contact mechanics of new technologies to that resulting 
from MAT and meniscectomy, we will establish a baseline for their 
expected functional performance. 
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22.1
What is wrong with Metal & Plastic?
S. Parratte 
Rochester/United States of America

Introduction: Isolated unicompartmental knee arthritis is a chal-
lenging problem. Surgical management of unicompartmental end-
stage knee arthritis includes unicompartmental knee arthroplasty 
(UKA) or conventional total knee arthroplasty. Despite improvement 
in terms of functional results and survivorship, these procedures, 
however, have a finite lifespan in active patients and concerns regar-
ding functional recovery and ability to return to sporting activities 
should be considered.

Content: We will provide an overview of the actual problematic of 
metal and plastic for the young and active patients related to: pati-
ent expectations and satisfaction, the difficulty to obtain a forgotten 
joint, the potential functional limitation, the problem of polyethyle-
ne wear, and the management of bone loss in case of iterative revi-
sions.

22.2
Engineering new regenerative therapies for osteoarthritis: From 
synthetic materials to synthetic biology
F. Guilak, J. Brunger, A. Zutshi, V. Willard, K. Glass, A. Ross, 
F. Moutos, B. Estes, C. Gersbach 
Durham/United States of America

Introduction: The repair of articular cartilage following joint injury 
or degeneration remains an important challenge for the field of tis-
sue engineering. While a number of techniques have been develo-
ped for the treatment of focal cartilage defects, there have been few 
attempts at tissue-engineered therapies for end-stage osteoarthri-
tis. Some of the major considerations for this approach include the 
design of mechanically functional scaffolds that can withstand joint 
loading, the identification of an abundant and accessible stem cell 
source, and the reprogramming of these cells for appropriate tissue 
differentiation within an osteoarthritic environment. Using princip-
les of “functional tissue engineering”, we have used techniques for 
three-dimensional weaving to develop large, anatomically-shaped 
scaffolds that can be engineered with biomimetic mechanical pro-
perties that reproduce those of native cartilage, providing the po-
tential for complete resurfacing of the entire joint surface (Moutos 
et al., 2007). 

Content: Using principles of “functional tissue engineering”, we 
have used techniques for three-dimensional weaving to develop lar-
ge, anatomically-shaped scaffolds that can be engineered with bio-
mimetic mechanical properties that reproduce those of native carti-
lage, providing the potential for complete resurfacing of the entire 
joint surface (Moutos et al., 2007), while supporting the site-specific 
delivery of genes or proteins (Brunger et al., 2014). However, the 
presence of pro-inflammatory cytokines such as interleukin 1 or tu-
mor necrosis factor alpha has been shown to prevent chondrogene-
sis and induce degradation of engineered tissues (Ousema et al., 
2012). We combined gene therapy and functional tissue engineering 
to develop engineered cartilage with immunomodulatory properties 
that allow chondrogenesis in the presence of pathologic levels of 
IL-1 by inducing overexpression of IL-1 receptor antagonist (IL-1Ra) 
in MSCs via scaffold-mediated lentiviral gene delivery (Glass et al., 
2014). A doxycycline-inducible vector was used to transduce MSCs 
in monolayer or within 3D woven PCL scaffolds to enable tunable 
IL-1Ra production. In the presence of IL-1, IL-1Ra-expressing engi-
neered cartilage produced cartilage-specific extracellular matrix, 
while resisting IL-1-induced upregulation of matrix metalloprotei-
nases and maintaining mechanical properties similar to native arti-
cular cartilage. In recent years, the advent of synthetic biology has 
led to the development of technologies for precisely modifying gene 
networks that control cell behavior. Here, we present a combination 
of principles from these fields to rewire cellular gene circuits in a 
manner that allows us to create a unique, custom-designed cell type 
that can sense and respond to its biochemical environment in a pre-
programmed way to provide long-term signals for controlling cell 
differentiation or immunomodulatory response. This strategy uses 
recently developed methods in genome editing (CRISPR/Cas9) to 
reprogram cellular machinery to detect dynamic cues from the envi-
ronment and to actively regulate cellular response with rudimentary 
decision-making capabilities (Perez-Pinera et al., 2013). By combi-
ning techniques in synthetic biology, gene therapy, and functional 
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tissue engineering, we have developed engineered tissues with the 
ability for tunable, inducible, or feedback-controlled, auto-regulated 
immunomodulatory properties. In addition to recapitulating the bio-
chemical and biomechanical properties of the tissue, these “smart” 
constructs can provide controlled drug delivery to the joint to enhan-
ce the success of engineered tissue replacements.
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22.3
Experience & Clinical Results
J.L. Cook 
Columbia/United States of America

Introduction: Functional biologic resurfacing of joints is the Holy 
Grail of orthopaedic surgery. While no current biologic treatment 
options result in re-creation of fully functional resurfacing of an en-
tire joint, viable tissue allografting can be used to treat large porti-
ons of the knee, hip, ankle and shoulder with very good long term 
outcomes in patients. This presentation will discuss current clinical 
use of osteochondral and meniscal allografts, as well as tissue en-
gineering strategies as potential future modalities for biologic joint 
resurfacing. 

Content: Osteochondral and Meniscal Allografts Osteochondral allo-
grafting is a biologic technique that can functionally restore even 
very large articular cartilage defects with viable hyaline cartilage and 
subchondral bone. This method has been in use clinically for more 
than 30 years, primarily in the knee. Numerous studies have re-
ported that osteochondral allografts are associated with 10-year 
survivorship between 71% to 85% and up to 74% at 15 years. Ove-
rall, outcomes after osteochondral allograft treatment have been 
good to excellent, even in the athletic population in which 88% of 
patients returned to sport, including 79% returning to their preinjury 
level of sport. Although osteochondral allografting has proven clini-
cal safety and efficacy, its use is limited by availability and logistical 
issues involving graft procurement, disease testing, and storage be-
fore implantation. These issues depend on the relatively short time 
for which sufficient chondrocyte viability in the grafts can be 
maintained using current tissue storage protocols. Chondrocyte via-
bility has been reported to be critically important for maintaining the 
biochemical and biomechanical properties of osteochondral allo-
grafts, which correlate directly to the clinical success of the surgery. 
Several storage methods have been investigated to try to optimize 
chondrocyte viability with each showing noticeable declines in chon-
drocyte viability after Day 14, falling below acceptable levels (typi-
cally considered to be 70% viable cells) by 28 days after procure-
ment. Mandatory disease testing procedures require 14 days before 
tissues can be released from the tissue bank to the surgeon for im-
plantation. As such, a narrow window of time (eg, 14 days) for size 

matching, scheduling surgery, and transporting tissues exists to al-
low for optimal use of donor tissues. For our first clinical study, we 
set out to determine preoperative variables that may influence out-
comes after osteochondral allograft transplantation for treatment of 
large cartilage defects in the knee via retrospective review of 75 pa-
tients who underwent osteochondral allograft transplantation for 
large (>1 cm) grade IV cartilage defects in knees. Patient variables 
evaluated included: smoking, workers compensation, BMI, pre-inju-
ry activity level (high level athlete, recreational athlete, active non-
athlete, minimal activity, sedentary), number and type of co-morbi-
dities in the operated knee (meniscal, ligament, and/or other 
cartilage pathology), lesion location (medial femoral condyle, lateral 
femoral condyle or multiple lesions), number of grafts placed (1, 2 or 
>2) and patients who underwent revision surgery related to OCA 
transplantation. Preoperative and postoperative VAS pain scores 
were used as the primary outcome measure. Success was defined as 
a VAS pain score of 0 or improvement in score (decrease) of 2 or 
more at final follow-up. The mean follow-up time was 19.5 months 
(3-53 months). Statistically significant (p<0.05) effects on success-
ful outcomes were evaluated using Fisher’s exact tests and odds 
ratios. The study population was comprised of 41 males and 34 fe-
males with an average age of 34.2 years (14-61). 53 patients (71%) 
had successful outcomes. 59 patients (79%) had co-morbidities 
with the average being 2 comorbidities (1-4) per patient. 68% of pa-
tients with co-morbidities achieved a successful outcome versus 
81% of patients with no co-morbidities, but this difference in propor-
tions was not statistically significant (p=0.46). Active patients (HLA, 
REC, ACT) were significantly (p=0.023) and 4.5 times more likely to 
have a successful outcome than minimally active or sedentary pati-
ents. Patients with BMI <30 were 3.7 times more likely to have a 
successful result and the difference was significant (p=0.011). Smo-
king, workman’s compensation, OCA-related revision surgery, lesi-
on location and number of grafts placed did not have statistically 
significant effects on outcome. These results suggested that osteo-
chondral allograft transplantation can be a successful treatment op-
tion for large cartilage defects in the knee with patients having no 
co-morbidities achieving an 81% success rate. Patients who are 
more active preoperatively and those with BMI <30 were signifi-
cantly more likely to have successful outcomes. We next set out to 
expand OCA treatment to joints other than the knee in our practice. 
Osteochondral autografting and allografting of the femoral head 
have been described as treatments for avascular necrosis, segmen-
tal collapse, fracture, OCD and tumors. In the only long term study 
reported, 80% of non-steroid-treated patients had successful outco-
mes (9-63 months) as defined by functional use of the affected limb, 
lack of graft collapse, and no need for arthroplasty. While these re-
sults were encouraging, there is no basic science evidence regarding 
optimal graft source or technique reported in the peer-reviewed lite-
rature. Therefore, we designed a study using a translational canine 
model to compare femoral head osteochondral autografts and allo-
grafts with respect to safety and efficacy for clinical application to 
patients. With IACUC approval, adult purpose-bred dogs (n=6) weig-
hing >20 kg underwent aseptic surgical implantation of osteochon-
dral grafts using a craniolateral approach to the hip, without disloca-
tion. Three graft options were evaluated: Small Auto (n=3) – 6 mm 
diameter autograft from the trochlear ridge of the ipsilateral knee, 
Small Allo (n=3) – 6 mm diameter fresh (21-day storage) allograft 
from a size-matched canine femoral head, or Large Allo (n=3) – 14 
mm diameter fresh (21-day storage) allograft from a size-matched 
canine femoral head. Small grafts were implanted into the same fe-
moral head of 3 dogs mimicking moasaicplasty, and large grafts 
were implanted alone in the other 3 dogs. Dogs were allowed unre-
stricted activity in their runs and were walked on a leash for 15 mi-
nutes 5 times/week. Outcome measures included functional, radio-
graphic and arthroscopic assessments at 8 weeks and functional, 
chondrocyte viability and histologic assessments at 6 months after 
surgery. Pre- and post-operative data were compared for statistical-
ly significant (p<0.05) differences. Based on data from the canine 
study, two patients (19 year old female and 28 year old male with 
post-traumatic grade 4 cartilage defects) underwent fresh (<28-
day storage) osteochondral allografting using large (>30 mm dia-
meter) size-matched femoral head grafts. Radiographic, quality of 
life and functional assessments were captured post-operatively. In 
the canine study, all grafts had greater than 80% chondrocyte viabi-
lity at the time of implantation. All grafts showed radiographic evi-
dence for integration into host bone. Small Auto and Small Allo hips 
showed significant (p<0.05) loss in range of motion, chondrocyte 
viability and articular cartilage integrity 8 weeks after implantation, 
while Large Allo grafts maintained viability and structural integrity 
throughout the study period. Large Allo dogs maintained full hip 
range of motion and hindlimb function. At 5 months after surgery, 
the 19 year old female patient is fully weightbearing without an assi-
stive device and has shown marked improvements in level of pain 
and activities of daily living. At 2 months after surgery, the 28 year 
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old male patient is weight bearing as tolerated and reports improve-
ment in level of pain. These data provide translational evidence to 
support previous clinical studies suggesting that large osteochon-
dral allografts are an appropriate option for functional resurfacing of 
full-thickness cartilage defects of the femoral head with potential 
advantages over osteochondral autografts. Transplantation of fro-
zen meniscal allografts (MAT) has a 70-90% 10-year success rate. 
However, graft extrusion and shrinkage, degeneration of the horns, 
and failure of fixation are potential complications. These issues may 
be associated to at least some degree with the use of a non-viable 
tissue and/or lack of anatomical placement and fixation of the graft 
to the tibia. Another factor affecting the clinical success of MAT is the 
state of the underlying tibial cartilage of the patient. Replacing the 
meniscus does not address cartilage pathology of the tibial plateau, 
which is a common and limiting component in most patients being 
evaluated as candidates for MAT. Therefore, use of a viable MAT that 
allows for anatomical placement of the graft on the tibial plateau 
could significantly reduce complications and improve long-term suc-
cess of the procedure and increase the number of patients that MAT 
can be considered for clinically. After determining that the viability 
and structural properties of meniscal-tibial plateau allografts (MT-
PAs) could be maintained for a clinically relevant period of time 
when stored at 25°C and validating safety and efficacy in a pre-clini-
cal canine model, we performed the technique in 10 patients (16-47 
years) with unicompartmental meniscal deficiency and grade 3 or 4 
tibial plateau articular cartilage pathology. With IRB approval, pati-
ents were treated with fresh M-TPs provided by tissue banks. Pati-
ents were followed for >6 months after surgery. At 6-16 months 
postoperatively, 80% (n=8) of patients had good outcomes based 
on exam, radiographs, pain and function. One patient’s (BMI=48) 
graft subsided and one patient reported residual pain despite radio-
graphic and clinical evidence for healing. Two patients returned to 
pre-injury level of recreational sport. These data provide initial evi-
dence for the feasibility of performing complete replacement of the 
medial tibial plateau and meniscus using viable meniscal-osteo-
chondral grafts stored using our preservation system for at least 30 
days. Clinical, arthroscopic, radiographic, gross and histologic as-
sessments all provided evidence for graft integration and healing, 
maintenance of function, and lack of associated morbidity. These 
data provide initial safety and efficacy evidence for unicompartmen-
tal replacement of tibial plateau and meniscus using fresh meniscal-
osteochondral grafts in veterinary and human patients. The Future 
Tissue engineering approaches to cartilage repair are currently 
thought of as the “Holy Grail” strategy for biologic joint replacement 
techniques. While these techniques hold great promise and potenti-
al as a “better” form of treatment for cartilage defects, joint trauma, 
and osteoarthritis, clinical applicability is largely unrealized to date. 
The major limitations in progress towards clinical applicability inclu-
de attaining functional material properties of tissue engineered car-
tilage, construct integration to bone and surrounding cartilage, the 
joint environment, and regulatory considerations. In collaboration 
with the Cellular Engineering Lab at Columbia University, our re-
search team has been optimizing tissue processing, chondrocyte 
culture, tissue loading, construct composition, and implantation 
strategies for creation of patient-specific tissue engineered osteo-
chondral implants for resurfacing shoulders, hips, knees and ankles 
of dogs and humans. Our current methodology involves CT or MRI of 
the affected joint in order to create computer-assisted design rende-
rings of molds, which are subsequently fabricated for tissue engi-
neering the construct. Once the mold is created, allogeneic chondro-
cytes from an organ donor are loaded into it in a 3-D agarose gel. 
This chondral gel layer is integrated with an osteo-layer and the 
construct is cultured in a specific medium while dynamically loaded 
in the mold in our bioreactor such that biochemical and biomechani-
cal properties of the osteochondral construct can be optimized prior 
to implantation into the harsh environment of the osteoarthritic 
joint. Our team has shown that chondrocytes can be used to produ-
ce engineered cartilage with mechanical properties and composition 
similar to healthy cartilage; that multiple types of clinically-relevant 
scaffolds can be used to create functional osteochondral constructs; 
and that these constructs can be successfully implanted into animal 
shoulders, knees and ankles using currently available surgical tech-
niques and instrumentation with safe and effective short-term out-
comes. 
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24.1.1
The Causes of Pain & Novel Strategies
D.A. Walsh 
Notthingham/United Kingdom

Introduction: Musculoskeletal pain is a major source of disability 
and distress, and an important drain on world economies. Much 
musculoskeletal pain is associated with joint disease, in particular 
osteoarthritis (OA). The mechanisms by which arthritis causes joint 
pain are complex, and include structural, cellular and biochemical 
changes within the joint, together with alterations in peripheral and 
central pain processing. Pain is `an

unpleasant sensory and emotional experience associated with actu-
al or potential tissue damage, or described in terms of such damage’ 
(1). Its psychological meaning and impact are therefore integral to 
the pain experience. What patients describe is often not closely re-
lated to what is seen on radiographs, and yet treatments that alter 
joint structure, such as arthroplasty often have a profound impact 
on pain. Novel treatment strategies offer substantial hope for the 
future. 

Content: That arthritis pain originates from the joint may seem self-
evident, but the

relationship between joint pathology and pain is often weak. Radio-
graphic changes including joint space narrowing and osteophytosis, 
ultrasound or magnetic resonance imaging (MRI) evidence of syno-
vitis, and subchondral bone marrow lesions on MRI have each been 
associated with joint pain in people with OA. Arthroscopic evidence 
of cartilage damage or synovitis has each similarly been associated 
with joint pain. Biomarkers of inflammation, bone and cartilage tur-
nover can be associated with pain severity, and histological evi-
dence of synovitis and loss of cartilage integrity have also been as-
sociated with symptomatic knee OA. Cartilage damage, synovitis 
and subchondral bone changes are commonly inter-correlated, so 
that it is difficult to definitively identify which factors might mediate 
OA pain, and which factors may simply be surrogates for other medi-
ators. The importance of both subchondral bone changes and syno-
vitis is suggested by independent associations with pain in cross 
sectional and prospective studies, the emerging potential of novel 
treatments that target bone turnover, such as bisphosphonates and 
strontium ranelate, and the established efficacy of anti-inflammato-
ry strategies such as intra-articular glucocorticoid injection or oral 
cyclo-oxygenase inhibitors. Total joint replacement surgery remains 
the most effective intervention for reducing pain in late stage OA. 
Although the precise analgesic mechanisms of surgery are unknown, 
protection of subchondral nociceptive nerves from chemical or me-
chanical stimulation seems likely. In the normal joint, subchondral 
bone spaces are richly innervated with sensory nerves, particularly 
peptidergic, unmyelinated fibres containing neuropeptides sub-
stance P and calcitonin gene-related peptide. These fibres are slowly 
conducting, bear pH sensitive channels such as the transient recep-
tor potential vanilloid-1 (TRPV1), receptors for nerve growth factor 
(NGF). Peptidergic sensory nerves can have effects that are both af-
ferent (pain) and efferent (regulation of vascular tone, permeability 
and growth). That these nerves might contribute to bone pain is sug-
gested by analgesic efficacy in animal OA pain models and in clinical 
trials of antibodies that block NGF bioactivity or signal transduction. 
Similar effects have also been observed in models of cancer bone 
pain, further supporting a contribution to pain from nociceptors wi-
thin bone, rather than only those in soft tissues. Synovitis and bone 
marrow lesions are each associated with severity of cartilage dama-
ge, but significant correlations between synovitis and subchondral 
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bone changes in OA are less evident. In the normal joint, synovium 
and subchondral bone represent discrete compartments, separated 
biochemically by the tidemark between calcified and non-calcified 
cartilage, and biomechanically by the articular cartilage. Loss of os-
teochondral integrity is characteristic of OA, initially due to penetra-
tion of vascular channels from subchondral bone into non-calcified 
articular cartilage, and subsequently due to fissuring and cleavage 
of the articular surface. Changes in cartilage biomechanical proper-
ties and matrix composition may further compromise the normal 
barrier between synovial and subchondral compartments. Mecha-
nism of pain originating in the joint might therefore vary between 
early and late stage of OA, dependent on the integrity of the osteo-
chondral junction. Pain from loss of osteochondral integrity might 
also be important in traumatic and idiopathic conditions associated 
with cartilage defects, even before the development of diagnostic 
features of OA. Novel treatments might target pain originating in the 
subchondral bone by either altering its cellular and biochemical en-
vironment, or by regenerating an effective osteochondral barrier. 
Bone marrow lesions are associated with the replacement of normal 
bone marrow with fibrovascular tissues, containing nerves, and also 
inflammatory cells that express factors that either activate or sensi-
tise nociceptors. BMLs or subchondral fibrovascular replacement is 
associated with increased bone turnover, increased osteoclast 
numbers, increased penetration of vascular channels into the non-
calcified articular cartilage, and full thickness cartilage deffects. An-
algesic treatments that suppress inflammation, or reduce nocicep-
tor activation or sensitisation by inflammatory mediators, might 
reduce OA pain through actions both on synovium and on subchon-
dral bone. Agents that directly inhibit osteoclasts, such as bisphos-
phonates and osteoprotegerin also reduce pain or pain behaviour in 
human or animal OA. Osteoclasts express pain mediators, and might 
release others through matrix degradation, as well as reducing local 
pH. Reduced subchondral pH might facilitate peptidergic nociceptor 
activation through proton-sensitive ion channels such as TRPV1. To-
tal joint replacement restores the boundary between subchondral 
and synovial compartments, replacing articular cartilage with a 
prosthetic, impermeable and non-compressible surface which com-
pletely covers the subchondral bone spaces. Removal of synovium 
is not essential for surgery to be beneficial; indeed, even where re-
moved, synovium reforms after joint replacement surgery. Pharma-
cological treatments might also delay or reverse disruption of the 
osteochondral junction, with some, albeit limited evidence of struc-
tural disease modifying efficacy for bisphosphonates and osteopro-
tegerin-Fc. Anabolic factors such as strontium ranelate and fibro-
blast growth factors offer similar hope of restoring structure in the 
arthritic joint. Tissue engineering holds huge potential for the resti-
tution of osteochondral integrity. Stem cell approaches might target 
either or both articular cartilage and subchondral bone. Research to 
date has largely focused on morphological, mechanical, cellular and 
biochemical outcomes, although clinical translation will require im-
provement to be realised in patient-centred outcomes such as pain. 
Nociceptive inputs from the joint provide only part of the explanati-
on for the pains that people with arthritis experience. Changes in 
pain processing are driven by peripheral and central alterations in 
neuronal channel phosphorylation, gene expression, and neuro-
transmitter release. This neuronal plasticity results from sustained 
increases in nociceptive inputs, upregulation of neuromodulators 
and interactions between nerves and glial cells in both spinal cord 
and brain. Nerve terminals within the arthritic joint become sensiti-
sed, transmitting pain signals in response to less intense or even 
normal stimuli, or increasing their spontaneous activity (peripheral 
sensitisation). Second order nociceptive pathways in the spinal cord 
become activated by inputs not normally involved in pain signalling, 
or from adjacent tissues that are not directly affected by pathology. 
The normal temporal summation of repetitive nociceptive inputs is 
augmented. Normal descending inhibitory control may be blunted, 
and descending facilitation of nociceptive transmission from the 
brain to the spinal cord might become dominant (central pain modu-
lation). Changes in the interpretation of pain and deteriorating mood 
exacerbate the pain experience, and further influence central pain 
modulation. Key aspects include catastrophisation (often characte-
rised by the belief that all pain represents ongoing tissue damage), 
anxiety and depression. Central nervous system changes in chronic 
pain interact with sleep disturbance and the development of chronic 
fatigue, which in turn exacerbate pain and disability. For an impor-
tant minority, the end result might be widespread severe pain, fati-
gue and disability, reduced pain detection threshold, altered pain 
structure and function, and failure to respond to peripherally targe-
ted treatments such as joint replacement surgery. On the other 
hand, central modulation of nociceptive transmission may contri-
bute to placebo effects, which contribute substantially to the clinical 
benefits from all interventions in clinical practice. Optimising treat-
ment context can increase benefit from evidence based treatments, 
whereas suboptimal contexts might mask potential from novel inter-

ventions. It is currently unclear whether the different peripheral and 
central pain mechanisms develop in parallel in all people with oste-
oarthritis, or whether there are patient subgroups that are characte-
rised by different mechanisms, and who, therefore might respond 
differently to different treatments. For example, both genetic and 
environmental influences might determine the likelihood that indivi-
dual patients will develop a centrally augmented pain phenotype. 
Selection of people with bone marrow lesions for some clinical trials 
of bisphosphonate treatment might explain their positive results, 
whereas similar treatments in unselected cases were found unsuc-
cessful. Understanding the diverse mechanisms of OA pain, and de-
veloping tools to define in which patients those

mechanisms are important, should help avoid failure of clinical trials 
of new treatments that might target only specific subpopulations. 
Stratification by disease severity, stage or mechanism is increasin-
gly incorporated into clinical trials in order to maximise their likeli-
hood of success, and to subsequently help target potentially expen-
sive and sometimes toxic treatments to those who are most likely 
to benefit.
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24.1.2
Restoring The Osteochondral Unit:
K.R. Zaslav 
Richmond/United States of America

Introduction: Attempts at simple joint resurfacing have given way 
over time to a more comprehensive approach to restoring the enti-
re organ including the synovial milieux and the osteochondral unit 
along with its unique interactions. This lecture will adress the theo-
ries behind this interaction and attempts to restore the subchondral 
unit for successful biologic joint restoration. 

Content: For the first decade and a half as we considered cartilage 
defects and and the treatment of these defects we concentrated on 
recreating a white smooth surface mimicking normal hyaline cartila-
ge. Our goal was to prevent the mechanical symptoms and ultimate 
wear between non congruent rough surfaces that came over time after 
chondral injury. However we have since realized that this surface is 
only part of the total organ we call the joint. First we realized early on 
that joint resurfacing would fail if we did not correct mechanical mal-
alignment and ligament and meniscal insufficiency. Now we also have 
come full circle to realize that true joint restoration includes not only 
restoration of the surface but of the surrounding synovial or chemi-
cal milieu and of the sub-chondral bone supporting that surface. Most 
data suggests that the pain of joint injury is due to neurologic fibers in 
bone and sub-chondral plate, as none exist in cartilage. We have noted 
clinically through arthroscopy and MRI that with degenerative changes 
little pain is noticed with chondropenia or chondral thinning until bone 
becomes exposed when pain significantly increases. We have also be-
come more sensitive to pain seen with bone stress injury even with 
intact cartilage. Bone involvement, when seen on MRI or under histolo-
gy can vary in intensity from bone edema, to sub chondral stress frac-
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ture to true Avascular Necrosis or Grade IV deep osteochondral bone 
loss. It is clear to us all now when both are involved , both need to be 
addressed or ultimately the smooth surface we transplant will wear 
down quicker. Cartilage and bone influence each other. While cartila-
ge provides a low coefficient of friction and ability to distribute shear 
stress and load, the sub-chondral bone needs to be flexible enough to 
absorb that load effectively. When it becomes too stiff it will increase 
the chance of progressive wear. (1) As early as 1974 Pugh and Radin 
postulated that sub-chondral thickening may be the primary etiology 
for chondral thinning in arthritic wear. The question continues to be 
asked which came first the chicken or the egg? The sub chondral chan-
ge or the cartilage wear.(2,3) Minas and Gomol have shown us that in 
our cartilage transplant patients who have had previous micro-fracture 
that they often show significant sub-chondral thickening or intra-lesi-
onal osteophyte formation and that the presence of these changes in-
crease the failure rate of ACI significantly.(4) All of this data support the 
hypothesis that we must not only restore the surface but restore the 
normal architecture and biomechanical function of the sub-chondral 
bone for maximum success and to ultimately truly restore inured joints 
and avoid the need for future joint replacement. Sub-chondral bone 
pathology can be either localized as in small micro or stress fractures 
or degenerative cysts or can be more generalized as seen with oste-
oarthritis. In the latter case it is often associated with mal-alignment 
ligament and meniscal deficiency. For generalized changes we need to 
address the mechanical alignment through osteotomy which has been 
shown to cause bone remodeling, or perform concomitant ligament or 
meniscal transplant. Recent data from the Rothman institute suggests 
a role for sub-chondroplasty for generalized or focal bone marrow ede-
ma. Current options to address the localized sub-chondral pathology 
include two strategies one for larger defects and a different approach 
for small to moderate defects. We will discuss options in this lecture in-
cluding cold stored osteochondral allografts, ACI sandwich technique 
and carbon fibers to encourage restoration of bony defects. Newer 
techniques to address smaller changes under chondral defects will 
also be discussed. Small to moderate localized abnormalities, previ-
ously ignored, have now begun to be addressed when associated with 
cartilage defects. Options include new augmented micro-fracture tech-
niques such as BST car gel (Chitosan) or micronized cartilage matrix, 
bio-mimetic scaffolds, and now a new product which we will discuss 
in detail here, a Bi-phasic plug of modified Aragonite(sea coral) and 
Hyaluronic acid.5,6,7,8 This new Aragonite based construct offers both 
a hyaline like repair and an accurate reconstitution of the normal sub-
chondral bone architecture in both pre-clinical and now recent human 
studies. Recent data of both clinical, pre clinical and in vitro studies will 
be reviewed in this talk. Ultimately we hope that by addressing these 
sub-chondral changes we can make sure these subtle findings do not 
become clinically relevant reasons for treatment failure of cartlage re-
pair in the moderate to long term.
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24.1.3
Management Options for Bone Marrow Oedema, including 
Subchondroplasty
G.M. Salzmann 
Freiburg/Germany

Introduction: Increasing use of magnetic resonance imaging for 
musculoskeletal injuries over the last decade has alerted clini-
cians to “bone bruising”, a phenomenon previously undetected 
on conventional radiographic techniques. This entity is recognised 
as focal signal abnormalities in subchondral bone marrow and the 
appearances are thought to represent microtrabecular fractures, 
haemorrhage and oedema without disruption of adjacent cortices 
or articular cartilage. Since the late 1980’s, bone bruising has been 
increasingly identified in association with soft tissue knee injury, in 
particular anterior cruciate ligament rupture and, to a lesser extent, 
injuries of the hip joint and foot. Although some authors suspect the-
se lesions may account for symptoms of pain and have prognostic 
implications, there are few substantial reports to date clarifying the 
short-term implications, exact time to resolution and long-term se-
quelae and their clinical significance is still uncertain. Bone marrow 
edema syndromes with no history of trauma, are also increasingly 
recognised, particularly in the hip joint, but increasingly in the knee 
joint. Whilst initially assumed to be a precursor of osteonecrosis, the 
scientific evidence is conflicting and at present they are best consi-
dered closely related diseases with overlapping clinical and radiolo-
gical presentations. Most recently, the presence and persistence of 
marrow edema patterns in early osteoarthritis are showing promise 
as a potential marker of actively progressive disease.

Content: A bone marrow edema can be anything from an incidental 
finding, typical post-traumatic, early degeneration, tumor-associa-
ted or related to a metabolic disorder. Concerning pathophysiology 
a BME is related to an pathologically increased intra-or extracellu-
lar fluid content within the bone marrow cavity which normally is 
measured at 30-50 mmHg. This increased pressured and volume 
does result in relatively unspecific but sometimes intense and of-
ten long lasting pain. Typically pain at rest is one major symptom 
patients report. BME can be still visible on MRI without symptoms 
reported by the patient. The diagnostic tool of choice for identifi-
cation of such a BME is MRI. One can differ between ischemic BME 
(osteonecrosis, BME syndrome, OD, CRPS); mechanical BME (con-
tusion, microfracture, stress-related, stress fracture); and reactive 
BME (arthritis, osteoarthosis, postoperative, tumor). In general, the-
rapy should concentrate on the etiology, if identifyable, of the cur-
rent BME and solution of that problem such as e.g. valgus osteoto-
my in stress-related medial sided BME. In selected cases, however, 
there is a BME without an underlying etiology for it with a suffering 
patient demanding for therapy und reduced symptoms. Therapies 
for that can be initiated by simple rest, NSAR and physiotherapy. 
For persistent cases prostaglandin medication has shown success 
in clinical trials. In parallel, bisphosphonate treatment has shown 
very good effectivity for treatment of persistent BME. Yet, one has to 
note that this medication has to be applied with a certain awareness 
since certain lab values have to be normal, the dental status hast 
to be without patholgoy. It can cause major adverse events such as 
necrosis oft he jaw or strong symptoms during or after application. 
However, this medication has shown success to reduce BME and 
with it typical symptoms.
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24.2.1
Treatment Options & Decisions
K. Mithoefer 
Cambridge/United States of America

Introduction: Due to the documented detrimental effect of high-
impact articular loading, articular cartilage repair requires cartilage 
surface restoration that can even withstand the significant mechani-
cal joint stresses generated during high-impact, pivoting sports. Due 
to the high mechanical demand on the resurfaced joint, treatment 
of articular cartilage injuries has traditionally presented a signifi-
cant therapeutic challenge. However, development of new complex 
surgical techniques has created considerable clinical and scientific 
enthusiasm for articular cartilage repair even under these challen-
ging conditions. Based on the source of the cartilage repair tissue, 
these new surgical techniques can generally be categorized into four 
groups: marrow stimulation techniques, chondrocyte-based repair 
techniques, osteochondral transplantation techniques, and frag-
mented cartilage implantation techniques. These techniques con-
tinue to evolve and provide complex and individualized treatment 
options for the treatment of articular cartilage injury in the athlete. 
Previous studies have shown that treatment of existing concomitant 
joint pathology such as instability, malalignment, or meniscal defici-
ency has to be corrected in order to produce a successful and lasting 
cartilage repair. Concomitant pathology can be addressed using eit-
her a simultaneous and staged approach. Importantly, besides sur-
gical treatment, rehabilitation of articular cartilage injury is critical 
for the success of any cartilage repair procedure and the concepts 
for cartilage rehabilitation in the athlete continue to develop.

Content: Marrow Stimulation Techniques Microfracture Microfrac-
ture presents the most frequently used cartilage repair technique 
due to its limited invasiveness, low associated morbidity, and rela-
tively short postoperative rehabilitation. By micropenetration of the 
subchondral plate this technique results in filling the cartilage de-
fect by a blood clot that contains pluripotent marrow-derived me-
senchymal stem cells, which subsequently produce a mixed fibro-
cartilage repair tissue that contains varying amounts of type II 
collagen. Improved knee function has been reported in 58-95% after 
microfracture in athletes with significantly increased activity scores. 
Return to competition was demonstrated in 44-95% of athletes after 
microfracture, in 57% of them at the preoperative level. Several fac-

tors affect the outcome after microfracture. The time between injury 
and microfracture has significant influence on outcome with best 
results if microfracture is performed within 12 months from injury. 
Microfracture is most effective as a first-line procedure in patients 
younger than 40 years and lesion size ≤ 200mm2. Following initial 
functional improvement, deterioration of knee function with has 
been described in 47-80% of athletes between 18-36 months. Impor-
tantly, knee function still remains better than before surgery. Enhan-
ced Marrow Stimulation Techniques New technologies have been 
developed that can help to augment the first-generation microfrac-
ture technique and can address its limitations. Clinical evaluation 
has started for several microfracture-based cartilage repair tech-
niques that use scaffold-guided in situ chondroinduction. Autolo-
gous Matrix-Induced Chondrogenesis (AMIC) uses a collagen scaf-
fold to cover the microfractured defect. Mid-term clinical results at 
37 months show high satisfaction in 87% of the treated patients and 
improved knee scores as early as 12 months. Other technologies use 
three-dimensional scaffolds to enhance microfracture. In situ-solidi-
fication of the microfracture clot with the thrombogenic and adhe-
sive polysaccharide polymer chitosan-glycerol phosphate has been 
shown to improve cartilage repair tissue volume and biochemical 
composition after microfracture with improvement of functional 
knee scores after 12-24 months. Osteochondral Graft Transplanta-
tion Osteochondral Autograft Transplantation Osteochondral auto-
graft provides a hyaline cartilage cartilage restoration by harvesting 
cylindrical osteochondral grafts from areas of limited weightbearing 
and transfer into small to midsize (1-4cm2) defects of the weightbea-
ring cartilage using a press-fit technique. Prospective studies have 
evaluated this technique and demonstrated up to 95% good or ex-
cellent results with significantly improved knee function scores after 
26-36 months. Macroscopic ICRS scores and MRI demonstrated 
84% and 94% good to excellent rating, respectively. Return to athle-
tic activity was reported in 61-93% and as early as 4-9 months post-
operatively. Some athletes showed a decrease of athletic activity 
after 7 years. Longer preoperative symptoms and age >30 years 
were associated with decreased return to sport. Preoperative radio-
graphic or clinical evidence of joint degeneration predicted a return 
to sport at a lower level or even retirement from competitive sports 
after osteochondral autograft transfer. Donor site morbidity may 
present acutely after surgery, however long-term morbidity appears 
to be low. Osteochondral Allograft Transplantation Osteochondral 
allografts can be used for the treatment of large and deep chondral 
and osteochondral lesions and also provide hyaline cartilage resto-
ration. Since chondrocyte viability, matrix composition, and mecha-
nical properties of hypothermically stored cartilage grafts has been 
shown to deteriorate rapidly, implantation should be performed as a 
fresh graft within 14-28 days of graft harvest. Several studies have 
shown that the transplanted bone is gradually incorporated by the 
host with good articular cartilage function with fastest incorporation 
observed for thin grafts (<15mm). A recent analysis of allograft 
transplantation in athletes revealed that 88% return to sports and 
79% to preinjury level sports. Better outcomes were seen in athletes 
younger than 25 years and duration of symptoms less than 1 year. 
Osteochondral Graft Substitute To avoid the limitations, morbidity, 
and potential complications associated with osteochondral auto- or 
allografts, bioresorbable scaffolds have been recently developed as 
substitute grafts for treatment of focal chondral and osteochondral 
defects. The implants are composits of plylactide-glycolide copoly-
mers, calcium sulfate, polyglycolic acid fibers, and surfactant. The 
bilayered cylindrical implant is equipped with both a bone and carti-
lage phase that is each designed to physically and mechanically 
match the layers of the adjacent cartilage and subchondral bone. 
The biochemical composition and porous nature of each layer facili-
tates ingrowth of osseous and cartilaginous cells into the biore-
sorbable implant that creates a layered neomatrix. Clinical reports 
showed functional improvements after implantation of these osteo-
chondral graft substitutes and even return to even high-impact 
sports. Cell-Based Cartilage Repair Techniques Autologous Chon-
docyte Transplantation Autologous chondrocyte transplantation 
has been successfully used for hyaline-like repair of full-thickness 
articular cartilage lesions in the knee with long-term durability of 
functional improved of up to 20 years. Two prospective multi-center 
studies in athletes showed good to excellent results in 72-96% with 
improvement of activity scores in 82-100% . Best results were ob-
tained with single cartilage lesions of the medial femoral condyle. 
Patients with single lesions, age< 25 years, and short preoperative 
intervals had the best rate of return to sport. Athletic activity impro-
ved the long-term functional results after autologous chondrocyte 
transplantation. Limitations of this first generation technique inclu-
de its invasiveness, prolonged postoperative rehabilitation, and 
graft delamination from periosteal hypertrophy. Sport-specific reha-
bilitation has been successful to reduce the time to return to sport 
while substitution of the periosteum with a collagen membrane has 
reduced the risk for hypertrophy and delamination. Scaffold-Associ-
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ated Chondrocyte Implantation Second-generation autologous car-
tilage transplantation techniques use biodegradable scaffolds to 
temporarily support the chondrocytes until they are replaced by ma-
trix components synthetized from the implanted cells. Matrix-asso-
ciated chondrocyte implantation (MACI) has demonstrated impro-
ved knee function scores and KOOS sports and activity scores, 
minimal graft hypertrophy, and hyaline-like tissue and MRI after 12 
months. Arthroscopic MACI has been described with a hyaluronic 
acid-based scaffold and showed improvement of knee function in 
90% with durable improvement at 5 years. Better results were seen 
in patients younger than 30 years and athletes participating in high-
er level competitive sports. Neocartilage Implantation Advanced 
tissue engineering technology can generate an implant containing 
both chondrocytes and extracellular matrix. This two-step technique 
results in formation of a firm sponge-like neocartilage containing 
both active chondrocytes and extracellular matrix. Clinical trials sho-
wed good cartilage fill, peripheral integration, and pain relief in 86% 
up to two years after implantation and MRI with T2 mapping demons-
trated hyaline cartilage in 57%. Fragmented Cartilage Implantation 
Fragmented Cartilage Allograft Implantation Repair of focal articu-
lar cartilage defects using allograft cartilage fragments obtained 
from juvenile donor joints has been described. The small cartilage 
particles are molded to the size of the recipient cartilage defect and 
implanted using fibrin glue fixation and a minimally invasive arthro-
tomy technique. Preliminary results from a prospective, multicenter 
case series with follow-up of 25 patients of up to 24 months de-
monstrated improved IKDC and KOOS scores as well as good cartila-
ge repair tissue fill of the defects on MRI. Larger, intermediate-term 
prospective clinical evaluation is currently under way using this 
technique to further evaluate the functional long-term results of this 
technique. Conclusion Articular cartilage injury has traditionally 
been associated with marked limitation of joint function and poten-
tial for progressive joint degeneration. Several surgical techniques 
have shown that articular cartilage repair can successfully improve 
joint function and even facilitate return to high-impact sports. First 
generation repair techniques have been associated with specific li-
mitations. Novel bioengineering and scaffold technologies have al-
lowed for development of new and more advanced second and third-
generation techniques that are currently being evaluated in 
high-level scientific studies. The continued evolution can be ex-
pected to further reduce invasiveness and improve efficacy of the 
currently available methods for cartilage restoration. 

24.2.2
The Role of Registries in Cartilage Repair
L.C. Biant 
Edinburgh/United Kingdom

Introduction: Clinical cartilage repair surgery is performed in joints 
with a vast variety of pathology, in patients with widely differing 
demographic and health factors. Patients typically have an age 
range from adolescent to older age. Size of defects, location, aeti-
ology, prior treatment and required adjunctive surgery to the joint 
can all vary greatly. It is important for patients that their surgeons 
have evidence of what is the best treatment for that individual and 
their circumstances. Treatment of the patient in the most optimal 
way is the principal responsibility of the physician. In the midst of 
strict licensing, off-label usage, health funding scrutiny, products 
and techniques of unproven safety and efficacy, clinicians have to 
make life-changing decisions for their patients. In most healthcare 
environments, physicians are asked to present evidence of efficacy 
of expensive techniques over cheaper ones to justify allocation of 
healthcare resources. Unless physicians produce this data, it is pos-
sible that decisions regarding allowable treatments will be taken by 
healthcare funders

Content: Gaining meaningful data regarding a single cartilage repair 
technique in large numbers of patients from a single centre is difficu-
lt, and usually insufficient to tease out the clinically relevant details. 
Large-scale multicentre randomised controlled clinical trials (RCTs) 
are beyond the means of small and medium-sized companies who 
may have an emerging technique of great value to patients. RCTs 
prove safety and efficacy in a standardized population. However, 
due to this required standardization of inclusion criteria, they often 
don’t include the majority of patients in whom the technique would 
actually be of benefit. These may include second line or salvage sur-
gery, multifocal defects, and surgery in combination with ligament 
reconstruction, meniscal repair, osteotomy etc. Joints other than the 
knee are scarcely studied, and multiple RCTs of the same therapy 

in every joint is not practical. Indeed, the comparator therapy for 
an effective RCT may also differ between joints. Pooling of data in 
the form of a registry gives ‘real-world’ patient-reported outcomes 
on large numbers of patients and techniques. This enables multi-
variant analysis of advantageous techniques by subgroup and cir-
cumstance. The number of cases done by an individual institution or 
indeed country, may not be sufficient to prove the validity of a tech-
nique and is not likely to include enough equivalent patients under-
going alternative techniques for the same indication. Registries can 
provide equivalent comparator cohorts. Registries have the advan-
tage of more rapid identification of failing techniques and therefore 
protection of patients from harm. Registries have worked very well 
for hip and knee arthroplasty surgery (1). The largest of these now 
has over a million patients. They are expanding rapidly to encom-
pass shoulder, foot & ankle, knee ligament repair, osteotomy and 
spine procedures. Cartilage repair physicians, patients and industry 
partners have arguably even more to gain from the benefits of a re-
gistry, as the difference between treatments is greater in terms of 
technique and cost. There exist regional and product-specific regis-
tries of cartilage repair. I present the vision and practical application 
of an integrated cartilage repair registry for the ICRS, and why it is 
not only an interesting research tool, but a moral obligation.

References:
www.njrcentre.co.uk

24.2.3
Allografts in the Athlete & Outcomes
W.D. Bugbee 
La Jolla/United States of America

Introduction: Return to Sport After Osteochondral Allograft Trans-
plantation William Bugbee, MD LA Jolla CA Although osteochondral 
allografts (OCA) are now an integral part of the cartilage repair pa-
radigm, there is little specific data on return to athletic activity after 
this procedure. Traditionally allografts have been used as a salvage 
treatment or for complex joint pathology, when other attempts at re-
pair have failed or are inadequate. This potentially skews the patient 
population to a more chronically disabled and less active group with 
less inclination towards high level sports participation. 

Content: The author’s experience with over 800 OCA of the knee 
suggests that return to sport is not dependent on the treatment but 
rather on the patient characteristics. We have collected IKDC func-
tional scores on all patients and asked sport specific questions. In 
summary, younger patients (generally age less than 30) and those 
with the diagnosis of osteochondritis dissecans routinely return to 
their chosen athletic activity after OCA. This is particularly true for 
high school athletes. Participation in competitive college sports is 
not a universal goal of the high school athlete, which confounds 
the analysis of whether the treatment or other psychosocial issues 
are important. There is little data on the use of OCA and return to 
sport in the professional athlete. For many reasons there is reticence 
to use allografts as first line treatment in this group, where many 
factors influence the treatment choice. An initial informal survey of 
team physicians suggests that this may be changing and the anec-
dotal experience is generally favorable. Theoretically return to sport 
can be achieved relatively rapidly due to the requirement for bone 
healing, which can occur relatively quickly (3-6 months), rather that 
tissue differentiation 6-18 months) required by other treatments 
such as microfracture or ACI. Our current postoperative protocol 
includes one month of protected (25%) weight bearing, followed 
by 2-3 months of functional rehabilitation. By 4 months if patients 
demonstrate radiographic evidence of allograft healeing and have 
documented aceeptabel functional recovery, we allow unrestricted 
return to sport, while acknowledging that it may be up to a year for 
complete recovery after a surgical intervention that includes and 
arthrotomy. One published paper addresses return to athletic ac-
tivity after OCA is worth reviewing. Krych (AJSM 2012) reported on 
the Hospital for Special Surgery experience with OCA and return to 
athletic activity. 43 patients with an average age of 32.9 years who 
regularly participated in sports prior to cartilage injury (74% recrea-
tional, 23% collegiate, 2% professional) were evaluated an average 
of 2.5 years after the procedure. 38/43 (88%) had at least limited 
return to sport while 34/43 (79%) achieved full return to sport at 
preinjury level at an average of 9 months postoperative. Age grea-
ter than 25 years and preoperative symptom duration greater than 
12 months were negative predictive factors for return to sport. The 
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increasingly mainstream use of OCA (particularly in North America) 
demands that we develop more data on activity levels after surgical 
intervention. A number of investigators are pursuing this question. 
For now, clinical experience suggests that the rate of return to sport 
is similar to other cartilage repair interventions, and that patient 
characteristics such as age, symptom duration, overall joint status 
and intensity and type of sport participation are more important va-
riables than the OCA procedure itself. 

24.2.4
Cell Based Treatments & Outcomes
T. Minas 
Chestnut Hill/United States of America

Introduction: Articular cartilage injuries to the knee may be acute 
or chronic in nature. The symptoms resulting from these treatments 
may mimic intra-articular loose bodies, a torn meniscus, or localized 
pain. Diagnosis before treatment, by MRI scan or arthroscopy is cri-
tical. . Once the diagnosis of an articular cartilage injury has been 
made by MRI scan, the location and size of the defect as well as sym-
ptoms arising from the defect should be discussed with the patient 
so that the needs of the patient can be determined prior to manage-
ment being offered. If the patient has an asymptomatic defect then 
proper counseling as to activity level and surveillance MRI scans 
annually may be all that the patient requests to assure that further 
progression of the defect of an osteoarthritic knee does not ensue. 

Content: If an asymptomatic or symptomatic defect is discovered du-
ring arthroscopy for another problem, treatment should not consist 
of more than a gentle marginal debridement of any unstable loose 
cartilage flaps, measurement of the defect and a discussion with 
the patient after arthroscopy as to the treatment options available 
for cartilage repair. In this way, a proper informed consent after the 
risks and benefits of the different treatment options available to the 
patient is performed. This avoids the possible legal consequences 
that could result if a marrow stimulation technique is performed as it 
is a technically easy procedure, however the patient could be made 
clinically worse than preoperatively. They are then also subjected to 
a longer postoperative recovery needed for cartilage repair.

Assessment of causes for the articular injury is crucial for a success-
ful treatment of the articular injury. These causes are often termed 
‘background factors’ which include tibiofemoral or patellofemoral 
malalignment, ligamentous insufficiency- most commonly ACL, me-
niscal deficiency especially on the lateral side of the joint, or chronic 
repetitive trauma. Preoperative evaluation of an injured knee joint 
should always include long alignment x-rays, standing AP, stan-
ding 45° PA (Rosenberg), and skyline views. Frequently a patient 
will be seen with an MRI scan before even x-rays have been perfor-
med which demonstrate bone-on-bone changes, too advanced for 
cartilage repair. A common reason for failure of a cartilage repair 
treatment is also missing a varus or valgus knee as long alignment 
x-rays have not been performed preoperatively with leg alignment 
being assessed clearly by clinical evaluation which can miss a small 
degrees of varus or valgus. Excellent 15-20 year results can be ex-
pected when all factors are treated. [1,2,3]

Treatment should be based on the size and location of the articular 
cartilage injury as well as the desired activity level of the patient and 
a thorough assessment of the background factors. Small defects 
in low demand patients may obtain benefit from15.3. arthroscopic 
debridement in isolation with appropriate postoperative rehabilita-
tion. Autologous chondrocyte implantation is technically demanding 
and costly but provides excellent long-term clinical results in large 
articular defects in lesions throughout the knee and may get pati-
ents back to high level function and athletics. [4]
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24.3.2
Stem Cell Injections
C. Vangsness, Jr. 
Los Angeles/United States of America

Introduction: Stem cell therapy is quickly emerging as a poten-
tial strategy for tissue repair and regeneration within many fields 
of medicine. Large-scale manufacturing protocols and regulatory 
guidelines for mesenchymal stem cells (MSCs) have been establis-
hed, indicating MSC-based therapies may be commercialized in 
the near future. In the past decade, MSCs have emerged as a novel 
treatment for degenerative joint disease.

Content: Methods: MSCs are cells of mesodermal origin and precur-
sors to bone, cartilage, fat, tendon and ligament. They have been 
shown to secrete a wide spectrum of bioactive molecules, which are 
believed to provide a regenerative microenvironment for injured tis-
sues and stimulate intrinsic repair responses. Previous animal stu-
dies modeling OA have reported clinical improvement following MSC 
implantation. Two promising approaches for MSC therapy are (I), im-
plantation of engineered constructs of MSC-seeded scaffolds for fo-
cal cartilage defects and (II), delivery of an appropriate population of 
MSCs by direct intra-articular injection for OA. Randomized human 
clinical trials involving intra-articular MSC therapy are needed before 
conclusive evidence regarding any specific efficacy in treating OA 
can be determined. Nine published studies have been identified that 
involve human intra-articular injections of MSCs for the treatment of 
osteoarthritis. The average cohort size for these studies was 37 and 
ranged from one to 227 individuals; three case series and two pilot 
studies had cohort sizes of less than 10. MSCs were bone marrow 
or adipose derived and injected into a total of 368 individuals with 
OA, primarily into the knee joint. Adverse events were reported in 
five studies and commonly included pain and swelling at procedu-
ral sites, allergic reactions and infections. Based on these studies, 
the application of cultured stem cells into joints appears to be safe. 
Without longitudinal studies, long-term effects of mesenchymal 
stem cell implantation cannot be assessed. The average implanted 
MSC cell count was 25 x 106 cells for studies that reported the cell 
number. MSCs were expanded in culture most commonly through 
one passage, some up to five passages, and several studies did not 
detail expansion. The mean follow up time in studies varied from 
three to 75 months and outcome measures were non-uniform. To 
date, studies have failed to determine or investigate the mechanism 
of action through which MSCs influence the joint microenvironment. 
It is unknown whether implanted mesenchymal stem cells may di-
rectly give rise to tissue growth or influence endogenous progenitor 
cells by altering the niche within the joint. Conclusion: In conclusion, 
previous small-scale clinical studies have repeatedly confirmed the 
safety of intra-articular mesenchymal stem cell therapy. The wide 
heterogeneity in these studies combined with the lack of reproduci-
ble data limits the validity of current evidence regarding intra-articu-
lar mesenchymal stem cell implantation for OA. The efficacy of MSC 
therapy cannot be determined until more level I clinical evidence is 
presented. References will be cited at a later time. Google Scholar, 
Pubmed, and Index Medicus were searched for this abstract. Key 
Words: Stem Cell, Injection, osteoarthritis, MSC, cartilage, MSC the-
rapy. There is no conflict of interest for this paper. 
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24.3.3
Adult Stem Cells and Biomimetic Matrices for Tissue Engineering 
and Modeling: Repair, Restore, and Re-create
R. Tuan 
Pittsburgh/United States of America

Introduction: Not applicable

Content: Adult Stem Cells and Biomimetic Matrices for Tissue En-
gineering and Modeling: Repair, Restore, and Re-create Rocky S. 
Tuan

Center for Cellular and Molecular Engineering, Department of Or-
thopaedic Surgery University of Pittsburgh School of Medicine, 
Pittsburgh, PA 15219, USA Degenerative joint diseases are the most 
prevalent cause of physical disabilities, and affects up to 15% of the 
population, particularly in individuals over 65 years of age. The in-
trinsically low reparative capacity of cartilage is a clinical challenge 
to effective treatment of degenerative joint diseases, such as oste-
oarthritis. Current treatments, including administration of non-stero-
idal anti-inflammatory drugs and hyaluronan injection, are only able 
to provide short-term pain relief. Total joint arthroplasty remains the 
only effective procedure, but the implant device is ultimately limi-
ted by its finite life expectancy. Tissue engineering and regenerative 
medicine, an emerging scientific discipline that encompasses the 
translational application of cells, scaffolds, and biological signals, 
represents a potentially promising approach to repair damaged and 
diseased tissues and restore function and mobility to the articular 
joint. Adult mesenchymal stem cells (MSCs), harvested from sour-
ces such as bone marrow, adipose, skeletal muscle, and other adult 
tissues, have been shown to have multi-lineage mesenchymal diffe-
rentiation potential, including chondrogenesis, and have been con-
sidered a promising candidate cell type for cartilage repair. A critical 
component to successful cell-based cartilage tissue engineering is 
the use of a biocompatible biomaterial scaffold that serves not only 
as a cell carrier, but ideally also enhances proliferation and differen-
tiation of the seeded cells. In our previous studies, we have shown 
that biomimetic scaffolds, produced by electrospinning, that simu-
late the structure of native extracellular matrix, e.g., the nanoscalar 
fibrous nature of collagen, are effective in MSC-based skeletal tissue 
engineering both in vitro and in vivo. Our recent work on the use of 
custom-designed, photo-crosslinked hydrogel scaffolds constructed 
using natural and synthetic polymers, which allow live cell encapsu-
lation during fabrication, demonstrates high fidelity reproduction of 
internal tissue structure and excellent cell retention, long term cell 
viability, and differentiation. With the use of differentiation speci-
fic culture conditions, robust cartilage and bone tissue constructs 
are generated. In addition, these biomimetic scaffolds may be bio-
activated by the incorporation of biologically targeted gene vector 
constructs that act to transduce both exogenous and endogenous 
host cells. These constructs may be formed in situ, serving to both 
deliver cells and create custom-designed shapes for joint cartilage 
re-surfacing. This approach is potentially amenable to minimally 
invasive, arthroscopic procedures. Our most recent studies have 
focused on the application of a 3D printing approach and a custom-
designed microbioreactor, and based entirely on MSC-derived com-
ponents, for the creation of a microtissue analogue of the biophasic 
osteochondral junction of the articular joint. Characterization of the 
osteochondral microtissue reveals functional biological crosstalk 
between the chondral and osseous components. This osteochon-
dral microphysiological system is currently being used to model the 
pathogenesis of osteoarthritis, for example as a result of exposure 
to pro-inflammatory agens, such as interleukin-1beta. Studies on 
the effects of biological, hormonal, pharmacological, and mechani-
cal perturbations are currently ongoing. Adult stem cells, with their 
multi-differentiation potential and their recently discovered trophic 
activities, when used in combination with biomimetic scaffolds, pre-
sent a powerful platform for regenerative, therapeutic, and disease 
modeling applications in biomedicine. 
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8.1.2
“Knee cAPP”: A Musculoskeletal Model Used To Predict Changes 
In Patellofemoral Contact Pressures During Gait
S.L. Sherman, S.S. Razu, H. Jahandar, T.M. Guess 
Columbia/United States of America

Purpose: In vivo musculoskeletal models may be useful tools to 
help predict changes in patellofemoral contact pressures during 
gait as a function of anatomic variation. Accurate models may assist 
surgeons in pre-operative planning with the goal of normalizing pa-
tellofemoral contact pressures.

Methods and Materials: Subject specific computational musculos-
keletal models of gait were created from medical images and mo-
tion capture data. For Subject 1 (20F), tibial tuberosity – trochlear 
groove (TT-TG) of 12 mm was modified to 20mm by moving the tibial 
tuberosity laterally. In subject 2 (29 F) ,the patella height was alte-
red by modifying the patella tendon lengths from an original Caton-
Deschamps index of 1.08 to 0.8 (baja) and 1.2 (alta) (Fig. 1a-d). The 
gait simulations were repeated and the patellofemoral contact pres-
sure predicted for each modeling scenario.

 
Muscle-force driven gait simulation a) Patella Baja (Caton-De-
schamps Index 0.8), b) normal patella height (Caton-Deschamps 
Index = 1.08) c), Patella Alta (Caton-Deschamps Index = 1.2) d).

Results: Maximum patellofemoral contact pressure was 3.19 MPa 
for the normal TT-TG = 12 mm and 3.56 MPa for TT-TG = 20 mm. 
The area of high contact pressure also increased on the lateral side 
of the patella (Fig. 2) with elevated TT-TG. Maximum patellofemo-
ral contact pressure was 3.44 MPa at midstance for normal patella 
height, increasing to 4.56 MPa and 4.50 MPa for patella baja/ alta, 
respectively. The location and area of contact also changed when 
the patella tendon was shortened or lengthened. 

Figure 2: Predicted patella cartilage contact pressure with normal 
and altered patella tendon length. Patella cartilage contact pressure 
with normal and increased TT-TG.

Conclusion: Our in vivo musculoskeletal model using muscle force dri-
ven gait simulation predicts changes in patellofemoral contact pres-
sures seen with anatomic variation. Future use of this model includes 
pre-surgical planning with the goal of addressing anatomic abnormali-
ties to normalize patellofemoral contact pressures during gait.

8.1.3
Lysophosphatidic Acid increase Collagen Type I Biosynthesis to 
Regulate Fibrosis in Cartilage Injury
L. Wu, F.A. Petrigliano, D. Mcallister, S.J. Lee, J. Bogdanov,
J.S. Adams, A.K. Rosenthal, B. Van Handel, G.M. Crooks, D. Evseenko 
Los Angeles/United States of America

Results: We identified LPA as a regulator of COL I deposition by pri-
mary cultures of articular chondrocytes and BMSCs. After full-thick-
ness cartilage defects in rat knee joints, stromal cells migrating to 
the injury expressed high levels of the LPA-producing enzyme auto-
taxin (ATX); intact articular cartilage in rat expressed negligible le-
vels of ATX (Figure 1). LPA-induced increases in COL I production by 
chondrocytes and BMSCs was mediated via the MAP kinase (MAPK) 
and PI3 Kinase (PI3K) signaling pathways. Inhibition of the ATX/LPA 
axis significantly reduced COL I-enriched fibrocartilage synthesis 
in full-thickness cartilage defects in rats in favor of the collagen II-
enriched normal state (Figure 2).

Conclusion: Taken together, these results identify an attractive tar-
get for intervention in reducing the progression of post-traumatic 
osteoarthritis.
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8.1.4
Effect of Leukocyte Content on the Efficacy and Safety of PRP in 
the Treatment of Knee Osteoarthritis: A Network Meta Analysis
J.C. Riboh1, B.M. Saltzman1, A.B. Yanke1, L. Fortier2, B. Cole1 
1Chicago/United States of America, 2Ithaca/United States of America

Purpose: Leukocyte-poor platelet-rich plasma (LP-PRP) is hypothe-
sized to be more suitable for intra-articular injection than leukocyte-
rich PRP (LR-PRP) in the treatment of knee osteoarthritis (OA). The 
goal of the present study was to provide a quantitative synthesis 
of level I and II clinical data comparing LP-PRP and LR-PRP in the 
treatment of knee osteoarthritis.

Methods and Materials: The MEDLINE, EMBASE, and Cochrane da-
tabases were reviewed. The primary outcome was the incidence of 
transient adverse reactions. Secondary outcomes were the changes 
in IKDC subjective score, and WOMAC score between baseline and 
final follow-up measurements. A Bayesian network meta-analysis 
was performed, with a post-hoc meta-regression to correct for base-
line differences in WOMAC scores. Treatment rankings were based 
on surface under the cumulative ranking (SUCRA) probabilities.

Results: Nine level II RCT, published between 2011 and 2013, inclu-
ding a total of 1,055 patients were included in the analysis. Injec-
tion of LP-PRP resulted in significantly better WOMAC scores than 
injection of hyaluronic acid (HA) or placebo. No such difference was 
observed with LR-PRP (Figure 1). All treatment groups resulted in 
equivalent IKDC subjective scores. SUCRA analysis showed that LP-
PRP was the highest ranked treatment for both measures of clinical 
efficacy (WOMAC and IKDC), Table 1. Finally, PRP injections resulted 
in higher rates of adverse reactions than HA, but there was no diffe-
rence between LR-PRP and LP-PRP. These reactions were nearly al-
ways local swelling and pain, with a single study reporting medical 
side effects including syncope, dizziness, headache, gastritis and 
tachycardia (17/1,055 total patients).

 

Conclusion: LP-PRP results in improved functional outcome scores 
as compared to HA and placebo when used for treatment of knee 
OA. This study provides early evidence that LP-PRP may be more 
efficacious than LR-PRP with a similar safety profile. Thus, adverse 
reactions to PRP may not directly related to leukocyte content. 

8.1.5
Signals that Up-Regulate UDP-Glucose Dehydrogenase (UDPGD) 
Activity & Hyaluronic Acid Release by Human Fibroblast-like 
Synoviocytes
C. Mathieu1, A.P. Cheng1, D. Fong1, K. Diab1, R. Mccormack2,
H. El Gabalawy3, C.D. Hoemann1 
1Montreal/Canada, 2Vancouver/Canada, 3Manitoba/Canada

Methods and Materials: Primary FLS were derived from synovial 
biopsies from consented patients undergoing arthroscopic knee 
surgery (N=4), with approved protocols. UDPGD in situ enzyme cell 
culture staining was adapted from Pitsillides [1] using a unique cry-
oprotection step, with rabbit synovium as a positive control. Con-
fluent FLS were cultured with 10% serum or in serum-free medium 
with and without IL-1β or PDGF-ββ for 24 hours, then assayed for HA 
release by ELISA per DNA content, and in Labtek chambers for in situ 
UDPGD activity.

Results: A novel method was developed permitting specific visua-
lization of UDPGD activity in monolayer human FLS (Fig. 1A-B). UD-
PGD activity was visibly induced by serum and PDGF-ββ, however 
signal intensity varied according to donor. Occasional aggregated 
cells consistently showed intense UDPGD activity (Fig. 1C), irrespec-
tive of culture condition. HA production was up-regulated 3-fold by 
serum and 6-fold by PDGF-ββ and IL-1β (Fig. 2A). Cytokines, but not 
serum, induced a spindle-shaped FLS cell morphology (H&E stain, 
Fig. 2B-E).

 

Conclusion: Alterations in UDPGD activity only partly explain higher 
HA release in hFLS. Growth factors and catabolic cytokines released 
during acute knee injury or surgery have a similar potential to stimu-
late HA release and consequently to modulate the joint cavity ma-
croenvironment. The increased enzymatic activity observed in cell 
aggregates demonstrated by this novel tool to study UDPGD activity 
in vitro suggests a role for cell-cell contact in UDPGD up-regulation 
and HA synthesis. Reference: [1] Pitsillides et al 1995 J Histochem 
Cytochem
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8.1.6
ACI with Recombinant Human Type II Collagen / Polylactide 
Scaffold Enhances Articular Cartilage Repair in a Porcine Model
V. Muhonen1, E. Salonius1, A. Haaparanta2, E. Järvinen1, T. Paatela3, 
A. Meller1, M. Hannula2, M. Björkman4, T. Pyhältö1, P. Tanska4,
A. Aula2, V. Ellä2, A.I. Vasara3, J. Töyräs4, M. Kellomäki2, I. Kiviranta1 
1Helsinki/Finland, 2Tampere/Finland, 3Vantaa/Finland, 4Kuopio/
Finland

Purpose: This proof-of-concept study investigated the potential of 
a novel recombinant human type II collagen/polylactide (rhCo-PLA) 
scaffold in repair of full-thickness cartilage lesions in a porcine au-
tologous chondrocyte implantation model (ACI). The cartilage repair 
with the rhCo-PLA scaffold was compared to that of porcine type I/III 
collagen membrane (pCo) and spontaneous repair.

Methods and Materials: Domestic pigs were divided into three 
groups: rhCo-PLA (n = 7), pCo (n = 7; Chondro-Gide® membrane, 
Geistlich Pharma AG) and spontaneous (n = 6). A single 8 mm-in-
diameter circular full-thickness chondral lesion was created into 
the right medial femoral condyle. Chondrocytes from the removed 
cartilage were harvested, cultured and frozen (-20°C) until the re-
pair operation. After three weeks, the lesions were repaired with 
either rhCo-PLA or pCo together with autologous chondrocytes, or 
left untreated for spontaneous repair. The repair tissue was evalu-
ated macroscopically (ICRS-Cartilage Repair Assessment System), 
histologically (safranin-O), immunohistochemically (type I and II 
collagens), biomechanically (indentation testing, finite element mo-
deling), and with micro-computed tomography (µCT) 4 months after 
repair procedure.

Results: Hyaline-like repair tissue with good attachment to the 
healthy cartilage was formed more frequently with rhCo-PLA scaf-
fold than with pCo membrane or spontaneous healing (Figure-1). 
Biomechanically, both ACI groups resulted in better repair tissue 
than spontaneous healing. Adverse subchondral bone reactions de-
veloped less frequently in the rhCo-PLA treated group than in the 
two control groups, where bone alterations were invariably present 
(Figure-2).

 

Conclusion: To conclude, cartilage lesion repair benefitted from an 
ACI procedure. Treating a full-thickness cartilage lesion with the 
novel rhCo-PLA scaffold resulted in good neotissue structure and 
mechanical properties. The repair tissue properties of the rhCo-PLA 
treated lesions exceed the spontaneous repair, and were at least 
comparable to that of the pCo membrane augmented repair. There-
fore the rhCo-PLA scaffold, comprised of recombinant human type II 
collagen and poly-L/D-lactide, has potential to be used in cartilage 
repair.

8.1.7
Inhibition of Segmented Filamentous Bacteria Protects against 
the Development of Osteoarthritis through Interleukin 17
D.S. Yu, Y. Wu, H.W. Ouyang 
Hangzhou/China

Purpose: Proinflammatory cytokine interleukin 17 (IL-17) plays an 
important role in both cartilage destruction and bone remodeling in 
the development of osteoarthritis (OA). Colonization of segmented 
filamentous bacterium (SFB) in terminal ileum is essential for the 
maintenance of IL-17. This study determined whether inhibition of 
SFB can alleviate severity of experimental osteoarthritis through re-
ducing IL-17 production.

Methods and Materials: OA and normal synovium from mice and 
human were subjected to immunohistochemistry (IHC) staining of 
IL-17 expression. Experimental osteoarthritis was created by tran-
section of the medial collateral ligament (MCL) and the medial me-
nisci (MM) in C57BL/6 mice. The mice were then treated with vanco-
mycin or sucrose in the drinking water for 8 weeks immediately after 
surgery. Inhibition of SFB colonization was examined by scanning 
electron microscopy (SEM) and quantitative PCR (qPCR). The ileum 
and joint synovium were collected for flow cytometry, IHC or qPCR 
to evaluate the proportion of IL-17-producing T-helper (Th17) cells 
in the small intestine lamina propria (SILP) and IL-17 expression in 
joint synovium. Synovium inflammation, cartilage destruction and 
subchondral bone remodeling were evaluated by histological ana-
lysis.

Results: We found that IL-17 expression enhanced in both human 
and mouse OA synovium. Inhibition of SFB colonization decreased 
the proportion of Th17 cells in the SILP and decelerated the cartila-
ge damage and subchondral bone remodeling in OA progression. 
Additionally, this alleviation was associated with a decrease of IL-17 
expression in synovium and reduced synovitis.

 

Conclusion: Inhibition of SFB can protect experimental osteoar-
thritis joints from inflammatory cartilage damage and subchondral 
bone remodeling caused by IL-17. Control of gut commensal flora 
would be a new strategy for OA treatment.

8.1.8
Lack of GalNAc transferase & GD3 Synthase enhance Cartilage 
Degradation in Murine Osteoarthritis Models
D. Momma, T. Onodera, M. Matsuoka, F. Sasazawa, N. Iwasaki 
Sapporo/Japan

Purpose: Glycosphingolipids (GSLs) are known to play an impor-
tant role in OA pathogenesis. Gangliosides are the unique species 
of GSLs that have sialic acid residues. Systemic knockout of GM3 
synthase, which lacks almost all gangliosides, enhances the carti-
lage degeneration without developmental abnormality. Therefore, 
we hypothesized that specific molecule of OA mechanism may exist 
downstream of gangliosides synthetic pathway. The objective of 
this study was to determine the functional role of gangliosides in 
the development and pathogenesis of OA.

Methods and Materials: We adopted GalNAc transferase knockout 
mice (GalNAcT-/-) and GD3 synthase knockout mice (GD3S-/-) to 
evaluate the effects of partial deletion of gangliosides, and wild-ty-
pe C57BL/6 mice as controls (WT). We made age-associated OA mo-
del with those mice. We also made IL-1α-induced OA model with fe-
moral head cartilage explants. To check the expression of cartilage 
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degrading enzymes, in vitro experiments with chondrocytes ex-
tracted from articular cartilages were also performed.

Results: In vivo OA models showed cartilage degradation in GD3S-
/- were significantly more severe than WT, and GalNAcT-/- were si-
gnificantly more severe than GD3S-/-. IL-1α stimulation remarkably 
enhanced proteoglycan release in GD3S-/- femoral head cartilage 
compared to those of WT, and GalNAcT-/- showed the most severe 
phenotype ex vivo study. IL-1α stimulation remarkably enhanced 
the concentration of MMP-13 in the cultured medium in GD3S-/- and 
GalNAcT-/- compared to WT. IL-1α stimulation remarkably increa-
sed expression levels of both p-ERK and p-JNK in GD3S-/- and Gal-
NAcT-/- chondrocytes compared to WT chondrocytes.

Conclusion: Our results showed that GD3S-/- significantly progres-
sed OA compared to WT, not as severe as GalNAcT-/-, suggesting 
gangliosides may play an important role on OA not only indepen-
dently but also comprehensibly. Our recent data showed that gan-
gliosides possibly regulate MAPK family signaling pathways, cau-
sing enhancement of the expression of MMP-13. Further studies are 
required to clarify the relationship between gangliosides and OA 
pathogenesis.

8.1.9
Evaluation of DiR-labeled stem cell implants for osteochondral 
defect repair in rabbit knees using fluorescence molecular 
tomography
M.T. Berninger1, P. Mohajerani2, B. Haller2, M. Kimm2, A.B. Imhoff2, 
V. Ntziachristos2, R. Meier2, T.D. Henning3 
1Murnau/Germany, 2Munich/Germany, 3Cologne/Germany

Purpose: The purpose of the study was to assess labeling efficiency 
of rabbit mesenchymal stem cells (MSCs) using the near infrared 
dye DiR and to evaluate fluorescence molecular tomography-X-ray 
computed tomography (FMT-XCT) for stem cell tracking in the sce-
nario of osteochondral defect repair in a rabbit model.

Methods and Materials: MSCs were isolated from the bone mar-
row of New Zealand White rabbits and labeled with DiR (1.25-20 
µg). Viability and induction of apoptosis were assessed by XTT- and 
Caspase-3/-7-testing. Chondrogenic potential was evaluated in pel-
let cultures (n=3) by measurement of glycosaminoglycans. Labeled 
cells and unlabeled controls (n=3) underwent FMT-XCT imaging be-
fore and after chondrogenic differentiation. Osteochondral defects 
(3.8x3.5 mm) were created surgically in the femoral condyle of rab-
bit knees (n=6) and unlabeled and labeled MSCs were implanted 
in fibrin clots and imaged by FMT-XCT. Statistics were performed 
using a t-test.

Results: Labeling of MSCs with DiR resulted in a strong, significant 
and dose-dependent fluorescence signal at all concentrations on 
FMT images. Furthermore, no significant reduction in viability or 
rate of apoptosis was detected at concentrations below 20 µg DiR/
ml (p>0.05). DiR-labeling did not significantly influence the chon-
drogenic potential of MSCs (p>0.05). Thus, a labeling concentration 
of 5 µg DiR/ml was chosen for further animal studies. FMT-XCT of 
labeled MSCs after implantation in osteochondral defects showed 
a strong and significant signal of the stem cell transplant (p<0.05) 
with additional high-resolution anatomical information about its os-
teochondral integration. 

Conclusion: MSCs could be labeled with DiR without toxic side 
effects or impairment of chondrogenesis. Labeled cells showed a 
significant fluorescence signal in vitro and were well localized by 
FMT-XCT after implantation in osteochondral defects in a rabbit 
model. The use of FMT-XCT in an intermediate sized animal model 
offers high sensitivity and 3-D details and, thereby, helps to under-
stand osteochondral regeneration processes and improves clinical 
application of stem cell implantation.

8.1.10
Optimization of an In Vitro Tribological Model of Cartilage 
Damage for Transcriptome Profiling
R.L. Trevino, D.D. Chan, C.A. Pacione, A. Plaas, M. Wimmer 
Chicago/United States of America

Purpose: In vitro models of cartilage degeneration in PTOA have 
utilized impaction injury followed by cartilage explant culture, but 
have not considered articulating movement at the cartilage surface 
as it occurs within the injured joint. We therefore developed a novel 
in vitro injury model through shear-induced, superficial zone dama-
ge and examined its suitability for examining injury–induced gene 
expression responses.

Methods and Materials: Bovine cartilage from the patella-femoral 
groove was cultured free swelling in F12:DMEM/ITS for 1 or 5 days. 
Surface injury was induced by articulation for 3h against polyethyle-
ne under compression (40 N, ~2 MPa; Fig.1a). This caused a fissured 
surface zone with decreased cell viability (Fig.1b), but no marked 
changes to the underlying articular cartilage (Fig.1c). Freshly harve-
sted, pre-cultured and injured explants were dissected into periphe-
ry and center (Fig.1d) for RNA purification and QPCR assay of ECM 
genes typical of articular and superficial zone cartilage (Table 1a).

 

Results: Compared to freshly harvested cartilage, 1d of pre-culture 
decreased expression of Col1a1 (4.7 fold) and Prg4 (3.5 fold); after 
5d, expression of all genes assayed was highly reduced (Table 1b). 
Injury to the cartilage after 1 d pre-culture further decreased Prg4 
and Col1a1 transcripts (33 and 38 fold), but only in the damaged 
region, not the periphery. Similarly, injury after 5d pre-culture af-
fected expression in the damaged region only: Col1a1 was no longer 
expressed, Prg4 decreased ~1200 fold, and Col3a1 decreased ~45 
fold. Injury minimally affected the expression of articular cartilage 
genes, consistent with histology showing damage restricted to the 
superficial zone (Figs.1b-c).
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Conclusion: We report the development of an in vitro, shear-induced 
damage model to examine injury-related gene regulation responses 
of superficial zone cartilage. Notably, pre-culture of cartilage, which 
is routinely done when examining matrix turnover, is not suitable for 
assaying gene expression, due to drastic reduction in mRNA abun-
dance for ECM genes examined here.

8.2.2
Morphological MOCART Scoring & Biochemical T2 mapping of 
Cartilage Repair following GelrinC Implantation: 
2-year Prospective Study
S. Trattnig1, P. Szomolanyi1, K. Ohel2, A. Korner2 
1Vienna/Austria, 2Or Akiva/Israel

Purpose: To evaluate cartilage repair tissue using MOCART scoring 
for morphological evaluation and T2 mapping for biochemical as-
sessment following implantation of GelrinC, a biosynthetic, biode-
gradable hydrogel implant.

Methods and Materials: MR imaging (1.5/3T) was performed on 21 
patients with cartilage defects at 6 sites. Standard protocols were 
used for MOCART evaluation at 1 week (baseline) 6, 12, 18 and 24 
months. Multi-echo SE sequence was used for T2 mapping and cal-
culations were performed using script written in IDL. Global T2 in-
dex (T2 in repair tissue divided by T2 in normal cartilage) and zonal 
T2 index (deep T2 divided by superficial T2) of repair tissue were 
calculated. Means and standard deviations of T2 over time were 
evaluated independently.

Results: Average MOCART score was 71.8±20.4 at 6 months, 
72.5±25.6 at 12 months, 71.8±29.4 at 18 months and 84.4±12.9 at 
24 months. The global T2 index ranged between 0.8-1.2 (normal 
healthy cartilage) in 1/11 (9%) patients at baseline, 8/11 (73%) at 12 
months, 11/13 (85%) at 18 months and 13/16 (81%) at 24 months. 
The zonal T2 index for repair tissue was similar (<20% difference) 
to the zonal T2 index for normal cartilage in: 6/12 patients (50%) 
at 12 months, 7/13 (53.8%) at 18 months and 10/16 (63.5%) at 24 
months. The standard deviation for T2 values showed a significant 
decrease over the study period.

Conclusion: GelrinC is a promising treatment for cartilage repair. 
The increase in MOCART scores over longitudinal follow-up indi-
cates improved cartilage repair over time. Global and zonal T2 repair 
tissue values at 24 months approached normal cartilage in 81% and 
63.5% of the patients respectively,, reflecting collagen organization 
similar to native, hyaline cartilage.

8.2.3
Osteochondral regeneration. A new MRI evaluation score: 
MOCART-OC
G. Filardo1, E. Kon1, S. Marlovits2, A. Di Martino1, M. Busacca1,
F. Perdisa1, M. Marcacci1, S. Trattnig2 
1Bologna/Italy, 2Vienna/Austria

Purpose: New treatments are emerging aimed at the regeneration 
of the entire osteochondral structure, but MRI evaluation scores for 
newly formed tissue mainly focus on the cartilaginous layer. Aim of 
this study is to develop a modified MOCART score for the assess-
ment of the imaging appearance of the regenerated tissue quality, 
both at the cartilage and bone level, and its correlation with the cli-
nical outcome.

Methods and Materials: 91 MRIs at 24 months of follow-up in pati-
ents treated with a cell-free collagen-hydroxyapatite osteochondral 
scaffold for knee articular surface lesions were considered (71 men, 
20 women, age 31.2±11.5 years, defect size 2.8±1.6 cm2, 38 degene-
rative, 14 traumatic and 39 OCD lesions. MOCART score was modi-
fied by expanding the focus also on the subchondral structure and 
adapting the scores attributed to each parameter according to their 
correlation with the clinical outcome.

Results: No correlation between the original MOCART score and 
the clinical outcome (IKDC subjective score 75.7±15.4) was found. 
A score to each parameter was attributed to develop an osteochon-
dral MRI score with a pointscale from 0-100, using the multivariate 
analysis. Statistical analysis confirmed the correlation between the 
new score and clinical outcome, both for the overall group (p=0.008) 
and for patellar lesions (p=0.038). With a few exceptions, the most 
clinically successful patients with an IKDC > 80 also had an MRI os-
teochondral score of at least 70 (p=0.002).

Conclusion: After reducing the parameters for cartilage layer eva-
luation and expanding the focus on the subchondral layer, 7 pa-
rameters were selected: degree of filling and integration, surface 
appearance, signal intensity with proton-density FSE with frequency 
selective fat saturation, subchondral bone appearance and edema, 
and effusion. The new osteochondral score correlated with the cli-
nical outcome, proving to be an useful tool for the study of tissue 
maturation after the implantation of scaffolds for osteochondral 
regeneration.

8.2.4
Osteochondral Allograft Magnetic Resonance Image Scoring 
System in the knee: Interobserver Agreement and Clinical 
Application
G. Meric1, G. Gracitelli2, J.C. Mccauley1, P.A. Pulido1, E. Chang3,
C.B. Chung3, W.D. Bugbee1 
1La Jolla/United States of America, 2Sao Paulo/Brazil, 3San Diego/
United States of America

Purpose: To correlate the recently developed Osteochondral Allo-
graft MRI Scoring System (OCAMRISS) in patients undergoing OCA 
transplantation in the knee with clinical outcomes and determine 
interobserver agreement.

Methods and Materials: We identify 15 patients who underwent iso-
lated OCA transplantation in the knee and received a postoperative 
MRI. Four examiners (two orthopaedic surgeons and two musculos-
keletal radiologists) independently read each MRI and completed 
an OCAMRISS, which evaluates the OCA transplantation based on 
features of the graft (cartilage and bone) and ancillary features of 
the joint. Clinical outcomes were evaluated postoperatively using 
International Knee Documentation Committee (IKDC) scores and the 
Knee injury and Osteoarthritis Outcome Score (KOOS). Correlation 
between the OCAMRISS and clinical outcomes was calculated using 
Spearman’s correlation coefficients.

Results: The mean time from OCA transplantation to MRI acquisiti-
on was 3±2.3 years. Interobserver agreement among the four exa-
miners on individual features of the OCAMRISS was almost perfect 
(K=0.81 to 1.0) in 65% of comparisons, substantial (K=0.61 to 0.8) 
in 14%, moderate (K=0.41 to 0.6) in 18%, and fair (K=0.21 to 0.4) 
in 3%. Agreement among readers was very strong for the cartila-
ge, bone, ancillary, and total scores (96% of comparisons had an 
ICC >0.80). IKDC function scores were correlated with the OCAM-
RISS cartilage score (rho=0.53, p=0.044) and total score (rho=0.67, 
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p=0.006). The KOOS sports/recreation subscale was correlated 
with the OCAMRISS ancillary score (rho=0.58, p=0.049) and total 
score (rho=0.64, p=0.024).

Conclusion: MRI assessment of OCA should include cartilage and 
subchondral bone features, but should consider higher weighting 
of cartilage. OCAMRISS is a reproducible scoring system for analy-
sis of cartilage defect repair following OCA transplantation for or-
thopaedic surgeons and radiologists. Larger studies are necessary 
to identify and confirm correlation between OCAMRISS and clinical 
outcome parameters.

8.2.5
Biology follows Morphology; Relation between Early Defect 
Repair and Eventual Tissue Regeneration in Articular Cartilage 
Repair.
J.E.J. Bekkers, R. Nizak, W.J.A. Dhert, D.B. Saris 
Utrecht/Netherlands

Purpose: Evaluation of morphological tissue repair, using MRI, fol-
lowing cartilage surgery has been an established entity to describe 
surgical treatment success. New functional MRI techniques are able 
to represent the biochemical tissue properties and thus success of 
tissue regeneration. However the relation between morphological 
and biochemical tissue repair is unclear. We hypothesize that early 
macroscopic defect repair positively influences eventual biochemi-
cal tissue regeneration.

Methods and Materials: A total of 31 patients were analyzed before 
and at 3 and 12 months after cartilage surgery (either autologous 
chondrocyte implantation (ACI) or microfracture (MF)). At menti-
oned time points patients received an MRI scan (using ir-TSE and 
dGEMRIC scanning protocols) and answered the Knee Osteoarthri-
tis Outcome Score (KOOS). The Magnetic Resonance Observation of 
Cartilage Repair Tissue (MOCART; ie macroscopic repair) score and 
dGEMRIC index(T1gd; biochemical tissue repair) of the cartilage de-
fect were calculated at mentioned time points. For all outcome va-
riables (MOCART, T1gd and KOOS) improvement from baseline at 3 
and 12 months was used for further analysis. Correlations between 
KOOS and MOCART and MOCART and T1gd were calculated using 
the Pearson correlation coefficient. Also regression analysis was 
performed to evaluate the influence of early morphological repair 
(MOCART) at 3 months to eventual morphological repair (MOCART) 
and biochemical regeneration (T1gd) at 12 months. 

Results: Weak correlations (ranging from R2 -0.115- 0.037) between 
KOOS and MOCART score were found. However, MOCART impro-
vement from baseline at 12 months showed a strong correlation 
(R20.757, p<0.001) to equivalent T1gd scores(Figure 1). At 3 months 
this correlation was moderate (R2 0.393, p=0.029, Figure 1). Also 
regression analysis showed that MOCART improvement at 3 months 
predicts the, improvement in, MOCART score (B: 1.885, p<0.001, 
R2:0.464) and T1gd (B: 3.583, p<0.001, R2:0.312) at 12 months.

 

Conclusion: Our data showed that early morphological repair fol-
lowing cartilage surgery positively influences eventual tissue qua-
lity and morphology.

8.2.6
Ultra-high field Analysis of Knee Cartilage in a Sheep Model by 
T2 Mapping using 7T MRI & Histological Validation
M. Pachowsky1, K. Gelse1, S. Trattnig2, J. Friske2, M. Brix2, G.H. Welsch1 
1Erlangen/Germany, 2Vienna/Austria

Purpose: T2 mapping with very high resolution at 7T might play an 
important role in understanding cartilage biochemical charasteri-
stics. Purpose of this study is to determine biochemical properties 
of cartilage and cartilage repair tissue in a sheep model, using bio-
chemical MRI by means of quantitative T2-mapping and histological 
validation.

Methods and Materials: Three groups of sheep (healthy cartilage, 
n=28, OA (femoral condyles post meniscectomy), n=22, and sheep 
with induced cartilage defects at the femoral condyle treated by 
MFX, n=7) were enrolled into the study.MR scans were achieved at 
7T MR whole body system (Magnetom, Siemens Healthcare, Erla-
nen, Germany) using a 28-channel transmit/receive knee array coil 
(Quality Electrodynamics LLC, Cleveland, OH, US). T2 relaxation 
maps were measured with a sagittal multi-echo spin sequence. TR 
5260; TE 12, 24, 36, 48, 60, and 72 (all in ms); FOV 145 x 145 mm, 
716 x 869 matrix size. BW of 180 Hz/pixel was used, and slice thick-
ness was 2 mm. The flip angle was 145°. Semi-automatic region-of-
interest analysis was performed. To allow stratification with regards 
to the anatomical (collagen) structure, subregional analysis was 
carried out (deep - superficial cartilage layer). Statistical analysis-
of-variance was performed. Histological assessment of cartilage 
was performed.

Results: T2 mapping time averages were compared. In healthy car-
tilage T2 values were 41,92ms (SD 11,7) in the superficial layer and 
32,69ms (SD 9,74) in the deep layer. OA showed results of 60,90ms 
(SD 14,34) in the superficial layer and 47,28ms (SD 13,54) in the 
deep layer. After MFX results for T2 averaged at 61,33 ms (SD 21,18) 
in the superficial layer and 53,35 (SD 21,89) in the deep layer.

Conclusion: In our sheep model differences between healthy car-
tilage, OA and cartilage repair sites are detectable by T2 mapping. 
This approach at 7T might give additional information about ima-
ging techniques of the ultra-structure of cartilage due to the high 
resolution.

8.2.7
Non-invasive Determination of Cartilage Thickness in the large 
Animal Model Sheep by near-Infrared Spectroscopy
V. Kopsch1, T. Reuter2, M. Lange2, M. Hoffmann3, S. Bischoff4,
J. Adolph1, H. Schubert4, J. Mika5, C. Hurschler6, R.W. Kinne1 
1Eisenberg/Germany, 2Bad Langensalza/Germany, 3Eisenach-
Stedtfeld/Germany, 4Jena/Germany, 5Giessen/Germany, 6Hanover/
Germany

Purpose: Aim of this study is to evaluate the suitability and relia-
bility of near-infrared spectroscopy (NIRS) for the measurement of 
cartilage thickness by comparison with the tissue-destructive gold 
standard needle indentation.

Methods and Materials: A combination of NIRS and biomechani-
cal indentation (NIRS-B) was performed under 3 different loading 
conditions (minimal indentation, maximal indentation, relaxation) 
in one defined region on the load-bearing area of the medial and 
lateral femur condyle of 8 cadaver joints, respectively. Cartilage 
thickness was subsequently measured by needle indentation in 5 
different spots within the region analyzed by NIRS-B (constant tem-
perature of 20°C). By comparing NIRS spectral data to needle inden-
tation values using cross-validation, optimized models for cartilage 
thickness prediction were developed and verified with regard to 
their accuracy and the influence of data smoothing or varying load.

Results: NIRS-B repeated measurements yielded highly reproduci-
ble values of force [standard error of the mean (SEM) max. 4.4% of 
the mean] and absorbance (SEM max. 0.4% of the mean). Using eit-
her separate models for the above-mentioned 3 loading conditions, 
or one model for all 3 conditions (simulating load-independent 
measurements), models with optimized quality parameters (e.g., 
coefficients of determination R2 between 90.9 and 96.2) and a pre-
diction accuracy of < 0.1 mm were obtained.
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Conclusion: Thus, our data suggest that NIRS is well-suited for de-
termining cartilage thickness (possibly even in a hand-guided, load-
independent fashion), as demonstrated by highly reliable quality 
parameters in repeated measurements and in comparison to tissue-
invasive needle indentation, providing the basis for non-invasive, 
intra-operative assessment of cartilage physiology and pathology.

8.2.8
Knee Bone Curvature Changes Detected on MRI Can Predict Who 
Will Develop Incident OA: Data From the OAI
J. Farber1, J. Tamez-Pena2, D. Hunter3, M. Hannon4, S. Totterman5,
Z. Wang4, R. Boudreau4, K. Kwoh6 
1Cincinnati/United States of America, 2Monterrey/Mexico, 3Sydney/
Australia, 4Pittsburgh/United States of America, 5Rochester/United 
States of America, 6Tuscon/United States of America

Purpose: Knee osteoarthritis (OA) involves changes in the articular 
cartilage (AC), menisci and bone, particularly subchondral, articu-
lating bone surfaces. These changes result in joint space narrow-
ing, which can be measured with radiographs and the KL scoring 
system. Initial changes may be radiographically inconspicuous. This 
study investigates the association of early bone curvature changes 
detected on MRI and the subsequent development of radiographic 
evident OA (incident OA).

Methods and Materials: Case and control pairs were selected from 
4,796 participants from the Osteoarthritis Initiative (OAI). Incident 
cases (n=289) were defined by a change from Kellgren-Lawrence 
(KL) 0/1 to KL>2. Matched controls were selected with the same KL, 
sex and age within 5 years. Time-points included the defining event 
(TO), where incident OA was found, and preceding time-points. 
OAI 3D WE DESS images were used for curvature measurements. 
Measurements for total and sub-regional articulating bone surfaces 
were obtained using segmentation software. Longitudinal KL scores 
were obtained as well. Mean and standard deviation of curvature 
and joint space longitudinal measurements for case and control co-
horts were analyzed using a generalized estimating equation mo-
del. 

Results: Statistically significant differences (p<0.05) between case 
and control pairs for incident OA were seen for the entire femur and 
for the central, weight bearing medial and lateral femur measure-
ments (Fig 1). In general, incident knees had less curvature at base-
line and flattened at a greater rate than did control knees.

 

Conclusion: Subjects who developed incident OA had curvature 
changes detected on MRI significantly different from the matched 
control group. Also, in the incident cohort, the effected knees chan-
ged shape over time more quickly than did the matched controls, 
becoming more flattened. The femurs demonstrated greater plasti-
city than the tibias.

8.2.9
Specificity & Sensitivity of 3T MRI in Diagnosing Severe Chondral 
Lesions in the Hip
C. Ho, K.K. Briggs, P. Goljan, T. Fagrelius, M. Philippon 
Vail/United States of America

Purpose: Chondral pathology of the femoral head and acetabu-
lum is frequently found intra-operatively. The ability to accurately 
identify the grade of the chondral lesions pre-operatively utilizing 
imaging techniques is of great clinical benefit to the surgeon and 
patient. The purpose of this study was to determine the sensitivity 
and specificity of a 3TMRI in diagnosing grade 3/4 chondral defects 
of the hip. 

Methods and Materials: A data registry was prospectively queried 
for patients who underwent 3T MRI of the hip followed by hip ar-
throscopy within 3 months. An experienced radiologist completed 
a data collection form that included detailed findings at the time 
of the initial MRI reading. The radiologist had no access to the 
patients’ preoperative status or clinical findings. At the time of ar-
throscopy, all cartilage surfaces were examined and the grades of 
any cartilage injuries present were recorded. Physicians did not 
have access to the completed data collection form at the time of 
surgery; however, they did have access to the MRI report findings. 
All data collection was approved by the Institutional Review Board. 
Patients were excluded if they had a contraindication to obtaining 
an MRI or claustrophobia.

Results: The study group was comprised of 217 patients with 57% 
men and 43% women. The mean patient age was 35 (range, 18 to 
65 years). For grade 3/4 chondral defects of the femoral head, the 
sensitivity was 0.68 (95%CI: 0.551 – 0.792), the specificity was 
0.371 (95%CI: 0.333 – 0.405), the positive predictive value was 
25% (95%CI: 20 to 29) and the negative predictive value was 80% 
(95%CI: 71 – 87). For grade 3/4 chondral defects of the acetabu-
lum, the sensitivity was 0.75 (95%CI: 0.653 – 0.833), the specifi-
city was 0.4 (95%CI: 0.352 – 0.441), the positive predictive value 
was 38% (95%CI: 33 to 43) and the negative predictive value was 
76% (95%CI: 67 – 84). For grade 3/4 chondral defects of the weight-
bearing region of the femoral head, the negative predictive value 
was 94% (95%CI: 91 to 97). For grade 3/4 chondral defects of the 
anterior-superior region of the acetabulum, the negative predictive 
value was 82% (95%CI: 74 to 88).

Conclusion: Non-contrast 3T MRI of the hip can identify grade 3/4 
chondral pathology with good specificity and sensitivity in some 
patient cohorts. Previous studies have shown lower diagnostic ac-
curacy using MRA. In the regions of this where damage is frequently 
seen, the 3T MRI has very good negative predictive value. The 3T 
MRI can rule out severe chondral defects in these areas which will 
allow for improvement in preoperative planning by the patient and 
physician. Design of specific coils for the hip may improve the capa-
bilities even further. 

8.2.10
In-vitro and In-vivo Imaging of MMP Activity with MMPSense in 
Cartilage and Joint Injur
T. Fukui, E. Tenborg, J. Yik, D. Haudenschild 
Sacramento/United States of America

Purpose: Joint injury activates catabolic processes and matrix de-
gradation that initiate osteoarthritis (OA). Real-time imaging of 
these degradative processes would be a powerful tool for testing 
intervention strategies and in OA research. Here we characterize 
a near-infrared probe (MMPSense750) for imaging injury-induced 
matrix-metalloproteinase activity in-vitro, in cartilage explants, and 
in joint injury in-vivo.

Methods and Materials: We quantified the dose-, and time-depen-
dent activation of MMPSense750 by recombinant MMP-3,-9,-13 in-
vitro. Pearson’s correlation coefficients (R) were calculated for each 
combination of MMPSense dose and time, with R2 above 0.8 consi-
dered a strong correlation. We simulated injury in bovine cartilage 
explants by IL-1b treatment or mechanical loading (n=6), and quan-
tified MMPSense750 activation over time. Mouse knee joints (n=6) 
were injured by a single mechanical compression disrupt the ACL, 
and MMPSense750 (Perkin-Elmer) activation quantified after 48hrs.
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Results: For all MMPs te sted, the best signal occurred at higher 
concentrations of MMPSense probe (2.0µM-0.7µM) (Fig1). Surpri-
singly, the best early time to measure fluorescence intensity was 
highly dependent on the MMP enzyme. At the later time points the 
MMP activity and fluorescent signal were highly correlated for all 
MMPs. In cartilage explants both IL-1b treatment and mechanical 
loading significantly increased MMPSense750 activation at the 3 
day time-point. (Fig2A) In-vivo, the fluorescence intensity in the in-
jured knee was significantly greater than that in the uninjured con-
tralateral knee. (Fig2B, C)

Conclusion: MMPSense750 enables real-time non-invasive imaging 
of the combined activities of multiple MMPs, in vitro, in cartilage ex-
plants, and in-vivo. Although sensitive to multiple MMPs important 
in OA, the kinetics of activation varies with MMP family member, 
with rapid, intermediate, and slow activation by MMP-13, -3, and -9, 
respectively. 

8.3.2
Autologous Chondrocyte Implantation in Pediatric Patients
G.L. Cvetanovich, J.C. Riboh, A.K. Tilton, K.A. Campbell, B. Cole 
Chicago/United States of America

Purpose: Autologous chondrocyte implantation (ACI) relieves pain 
and improve functional outcomes in adults, but few studies have 
reported ACI outcomes in younger patients. The goal of this study 
was to report functional outcomes of ACI in pediatric and adolescent 
patients. 

Methods and Materials: Patients under age 16 who underwent ACI 
between 1999 and 2011 with 2-year clinical follow-up were identi-
fied from a prospectively-collected database. Data collected inclu-
ded age, BMI, site and size of chondral lesion, and concomitant pro-
cedures. Functional outcome scores were collected preoperatively 
and postoperatively at 6 months, 1 year, 2 years, and final follow-up. 
Mixed model repeated measures ANOVA was used to detect diffe-
rences in functional outcomes at each time point, with a significance 
level of p<0.05.

Results: 14 patients were included (mean age 15.3 +/- 1.2, range 13-
16). 44% had open physes on preoperative knee radiographs. 50% 
of patients were male and 50% were female. 57% underwent prior 
knee surgery. Average BMI was 21.3 +/- 2.6. Lesions were located 
on the lateral femoral condyle in 8 cases (57.1%), medial femoral 
condyle in 3 cases (21.4%), and trochlea in 3 cases (21.4%). The ave-
rage lesion size was 3.02 +/- 1.7 cm2 (range 1.4-6.3). Concomitant 

procedures included 7 meniscal allograft transplantations, 3 tibial 
tubercle osteotomies, 2 lateral release, and 1 medial patellofemoral 
ligament repair. Patients were available for follow-up at an average 
of 3.9 +/- 2.4 years. Surgery resulted in significant improvements 
of Lysholm, IKDC subjective, all KOOS subscales (pain, symptoms, 
ADL, sport, and QOL), WOMAC function, and SF-12 physical scores 
(Figure 1). There were no complications. One patient underwent 
subsequent partial meniscectomy (reoperation rate 7%).

Conclusion: ACI is an effective treatment for pediatric patients with 
symptomatic, large chondral lesions. At a minimum 2-year follow 
up, reproducible improvements in functional outcomes and activity 
level with low reoperation rate can be expected.

 

8.3.3
Matrix-assisted Autologous Chondrocyte Transplantation: long 
term results
L. Andriolo, G. Filardo, F. De Caro, A. Di Martino, F. Perdisa,
M. Marcacci, E. Kon 
Bologna/Italy

Purpose: In the recent past matrix assisted chondrocyte transplan-
tation (MACT) has become a possible solution in the treatment of 
chondral lesions, and various biomaterials and techniques have 
been applied into the clinical use, but long-term results are still mis-
sing. We report the results of a biodegradable, hyaluronian-based 
biocompatible matrix (Hyalograft C), seeded with cultured autolo-
gous chondrocytes for the arthroscopic treatment of articular carti-
lage lesions of the knee at 10 years of minimum follow-up.

Methods and Materials: All the patients were prospectively evalu-
ated using the IKDC subjective score, EQ-VAS and Tegner score. At 
present time, 76 patients achieved at least 10 years follow-up. 59 
patients were male, 17 female. The mean age was 28.7± 10,8 years 
and the mean defect size was 2.5±1,05 cm2. The MFC was involved in 
54 cases, the LFC in 22 patients. All knees undergone an arthrosco-
pic procedure.

Results: The mean IKDC subjective score improved from baseline 
evaluation to final follow-up of minimum 10 years (from 40.5 ± 16.7 
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to 74.2±21.3, p<0.0005). Mean Tegner score was 4.6±2.5, being 
significantly higher respect to preoperative score (1.8±1.4), but wi-
thout reaching the preinjury level (6.6±2.0). Male sex, young age, 
non-degenerative etiology, and lower symptoms duration, were 
found to correlate with a better clinical outcome. 10 patients failed, 
being re-operated at the same site during follow-up time, for a cu-
mulative failure rate of 13%.

Conclusion: This MACT procedure allows satisfactory long-term cli-
nical and MRI outcome, confirming the positive results obtained at 
earlier follow-up.

8.3.4
Deep osteochondral defects of the Knee Treated with Bone 
Block Augmentation & Matrix Guided Autologous Chondrocyte 
Transplantation
S. Grechenig, J. Zellner, P. Angele 
Regensburg/Germany

Purpose: A new bone block augmentation technique combined with 
chondrocyte transplantation for treatment of large osteochondral 
defects of the knee is described and the 1 to 3 year clinical and radi-
ological outcome of this new technique analyzed (Case series; Level 
of evidence, 4).

Methods and Materials: 51 patients (22 women, 29 men; mean age: 
28 years) treated for osteochondral lesions (mean defect size, 6,4 
cm2) were followed at 3, 6 months, 1, 2 and 3 years and clinically 
evaluated using the International Knee Documentation Committee 
(IKDC) score and the Cincinnati score. An MRI evaluation was per-
formed at 3 months 1, 2 and 3 years, and the Magnetic Resonance 
Observation of Cartilage Repair Tissue (MOCART) score with specific 
subchondral bone parameters (bone regeneration, bone signal qua-
lity, osteophytes, sclerotic areas, and edema) were analyzed.

Results: The preoperative status of the patients showed IKDC scores 
in the mean of 42 (18-72). Postoperative IKDC scores increased si-
gnificantly in the first year to mean scores of 82 points (48-100). 
To the 3 years follow-up, subsequent increase can be detected to 
mean scores of 90 (62-98). A significant increase in MOCART scores 
could be detected with time in all subgroups by 3 blinded reviewers. 
No operative revision was needed, no implant failure could be seen.

Conclusion: Large osteochondral defects of the knee can success-
fully be treated with new bone block augmentation technique com-
bined with autologous chondrocyte transplantation.

8.3.5
Prospective Longitudinal Evaluation of 182 Patient With 
Autologous Chondrocyte Implantation on a Novel Biphasic 
Collagen Scaffold
J. Koh1, P. Angele2, J. Fritz3, J. Mollenhauer4, C. Gaissmaier3 
1Evanston/United States of America, 2Regensburg/Germany, 
3Tuebingen/Germany, 4Reutlingen/Germany

Purpose: Articular cartilage repair remains clinical challenging. 
We have described a novel biphasic collagen scaffold (robust su-
perficial layer with spongy interconnected deep layer). This matrix 
allows constant cell density and promotes the chondrogenic phe-
notype of seeded chondrocytes. We report on mid to longer term 
clinical follow up of up to five years on patients who have undergone 
this treatment.

Methods and Materials: All patients from 7 centers were prospec-
tively enrolled in a clinical trial using the biphasic collagen scaffold 
for autologous chondrocyte implantation (NOVOCART® 3D). Demo-
graphic, history and examination information were recorded. IKDC 
2000 scores were obtained preoperatively and at regular follow up 
intervals. Chondrocytes harvested from osteochondral plugs were 
isolated, expanded and characterized by means of qRT-PCR. 48 
hours after cell seeding the scaffold was then reimplanted in the 
patient via mini-arthrotomy.

Results: 182 patients (age 35.9 + 9.76) with an average defect size 
of 7.5 cm2 + 3.3 underwent treatment. Defects were 50.1% localized 
degenerative, 21% traumatic and 21% osteochondrosis dissecans. 

The majority (79.7%) were medial femoral condyle. IKDC scores 
consistently improvemed from baseline (44.7 + 18) to five years (+ 
27.6 + 14.9 pts) (p < 0.0001, Figure). 83.3% of patients were respon-
ders (> 20% increase in IKDC). Even degenerative lesions improved 
(p < 0.0001). Failure rates increased with elevated expression of 
IL-1, FLT-1 and decreased expression of collagen type 2. Histology 
of biopsies demonstrated the formation of hyaline like cartilage in 
specimens harvested between 12 and 42 months after implantation. 

Conclusion: Clinical experience with a multi-center prospective trial 
of matrix based autologous chondrocyte implantation on a biphasic 
scaffold demonstrated significant medium to long term improve-
ments in patients’ pain and function. Outcomes remained stable or 
improved over time, unlike microfracture. 

8.3.6
SUMMIT trial extension 3-year follow up: MACI Significantly 
Better Clinical Outcomes than Microfracture
D.B. Saris1, A. Price2, Q. Yu3, S. Kili4, M. Brittberg5 
1Utrecht/Netherlands, 2Oxford/United Kingdom, 3Cambridge/
United States of America, 4Naarden/Netherlands, 5Kungsbacka/
Sweden

Purpose: The ongoing SUMMIT (Demonstrate the Superiority of Ma-
trix-induced Autologous Chondrocyte Implant [MACI] to Microfrac-
ture Treatment) extension study (NCT01251588) assesses 5-year 
follow up of efficacy and safety of MACI for treating symptomatic arti-
cular cartilage knee defects. This analysis presents 3-year outcomes.

Methods and Materials: During the phase 3, randomized, control-
led multicenter SUMMIT trial (sponsors: Sanofi/Genzyme Biosurge-
ry) patients underwent MACI or microfracture (n=72/arm). Efficacy 
analyses included changes from baseline in Knee Injury and Oste-
oarthritis Outcome Score (KOOS) subscales, Modified Cincinnati 
Knee Rating System score, and International Knee Documentation 
Committee (IKDC) knee evaluation score; and treatment failure rate 
for all 144 patients at 3 years. The co-primary endpoint of KOOS pain 
and function from baseline to year 3 was analyzed using a multivari-
ate analysis of covariance model with treatment as fixed effects and 
baseline KOOS pain and function as covariates.

Results: MACI-treated patients continued to show significantly 
(P=0.046) greater improvement from baseline than microfracture-
treated patients in KOOS pain (estimated mean difference [EMD]: 
8.12; mean change: 46.14 vs 36.13, respectively) and function 
(EMD: 12.57; 46.67 vs 36.33), as well as in KOOS activities of dai-
ly living (P=0.014), quality of life (P=0.007), and other symptoms 
(P<0.001); Cincinnati score (P=0.03); and IKDC score (P=0.027). 
MACI resulted in numerically higher response rates (≥10-point im-
provement from baseline to year 3 in KOOS pain and function) than 
microfracture (P=0.065). Both groups had similar rates of treat-
ment-related AEs and serious AEs; no AE-related discontinuations 
or unexpected safety findings were reported. Other Endpoints at 3 
Years 

MACI Microfracture 

n=72 n=72 

Responders (n, %) 53, 81.5% 38, 66.7% 

Treatment failure (n) 1 3 

Subsequent surgery (n, %) 9 (12.5%) 8 (11.1%) 
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intervals in NeoCart patients (p<0.05). In microfracture patients, a 
significant increase in KOOS pain sub-score was not observed until 
48 months. Compared to microfracture, change from baseline was 
significantly higher in the NeoCart arm at 12, 24, 36, and 48 months 
for KOOS pain and 12 and 24 months for IKDC (p<0.05) (Table 1).

 

Responders were defined by improvement in IKDC score of ≥ 20 
points and KOOS pain score of ≥ 12 points. Significantly more Ne-
oCart patients responded to treatment at 12 (n=16,76.2%) and 24 
(n=16,88.9%) months compared to microfracture patients at 12 
(n=2,22.2%) and 24 (n=4,44.4%) months (p<0.05)(Figure 1).

 

Conclusion: These findings suggest ACTI using NeoCart improved 
knee pain and function within 12 months of treatment and may pro-
vide significantly greater improvement than the current standard-
of-care, microfracture. These results provided evidence to continue 
this comparison in a Phase III FDA trial currently underway in the 
United States. 

8.3.9
Long-term Matched-Pair Analysis after Microfracture versus 
First-Generation Autologous Chondrocyte Implantation in the 
Knee
B. Erdle, K. Franke, S. Porichis, P. Niemeyer, H. Schmal,
N.P. Südkamp, G.M. Salzmann 
Freiburg/Germany

Purpose: Studies comparing autologous chondrocyte implantati-
on (ACI) using a periostal flap with microfracture (MFX) showed no 
statistically significant difference in functional outcomes at two and 
five years. There is no long-term comparison of these procedures.

Methods and Materials: This retrospective study reevaluated and 
compared 18 male and 19 female patients 11 years after MFX (N=19) 
or ACI (N=18) for treatment of full-thickness cartilage defect in the 
knee joint clinically (Lysholm, Tegner, IKDC, KOOS, VAS for pain) 
and radiologically using MRI (MOCART, T2 Mapping) by forming 
matched-pairs.

Results: Patients in each group (MFX/ACI) were chosen pair-wise to 
match up best possible showing homogenous distribution of BMI 
(27.0/26.9 kg/m2), age at operation (38.9/35.8 yrs), follow-up time 
(10.1/10.6 yrs) and defect localisation (MFC/LFC/T/P: 8/1/5/5 vs. 
8/1/4/5), revealing significant difference only in defect size (2.3/5.5 
cm2; p<0.01). Both groups showed significant gain of function (Ly-
sholm 38.7/43.2 to 69.3/69.8) and reduction of pain (VAS 6.9/7.5 
to 2.1/2.4) from preoperatively to time of follow-up as well as good 
clinical scores in IKDC (67.6/66.2) and KOOS (78.0/71.7) postope-
ratively with only Tegner activity differing significantly (2.9/5.7 to 
4.8/4.1), favouring MFX. MRI analysis showed a MOCART score of 
55.8/46.3 (p=0.14) and T2 relaxation time of 31.6/26.1 ms (p=0.99). 
Subgroup analysis of MFX defects larger (N=10; mean size 3.6 cm2) 

Conclusion: After 3 years, MACI-treated patients still showed signi-
ficantly greater improvement in KOOS pain and function (co-primary 
endpoint) than microfracture-treated patients. MACI retained its po-
sitive benefit-risk profile, with superior clinical efficacy and similar 
safety to microfracture.

8.3.7
A randomized trial comparing Autologous Chondrocyte 
Implantation (ACI) with Microfracture. Long-term follow-up.
G. Knutsen1, J.O. Drogset2, L. Engebretsen3, T. Grøntvedt2,
T.C. Ludvigsen3, S. Løken3, E. Solheim4, T. Strand4, O. Johansen1 
1Tromsoe/Norway, 2Trondheim/Norway, 3Oslo/Norway, 4Bergen/
Norway

Purpose: Our group has published two and five year results in an 
RCT comparing ACI and microfracture. The objective of the present 
study is to report and discuss the long-term results.

Methods and Materials: At index surgery (January 1999-February 
2000) 80 patients with a symptomatic single chronic cartilage de-
fect on the femoral condyle without general osteoarthritis were in-
cluded. We used the ICRS, Lysholm, SF-36 and Tegner forms to coll-
ect data at inclusion and follow-ups. Standing weight bearing x-rays 
were used to evaluate radiographic osteoarthritis using the Kellgren 
and Lawrence (KL) grading. For the long-term follow-up in 2014 we 
used the Synaflexer® frame to standardize the x-rays. Failure was 
defined as having a reoperation due to symptomatic non-healing of 
the treated defect.

Results: At the fifteen-year mark, the ACI group had 16 failures ver-
sus 13 in the microfracture group. At the same time point we did 
observe more total knee replacements among the ACI patients (six 
versus three). Non-failures had significant clinical improvement 
compared to baseline. 57% of the ACI patients and 48% of the 
microfracture patients had radiographic evidence (KL 2 or more) of 
early osteoarthritis (n.s.). In general, there were small clinical dif-
ferences between the two treatment groups; however, at the last 
follow-up the microfracture group had a significant higher Tegner 
score than the ACI group (4.8 versus 4.0). A good quality cartilage 
(predominantly hyaline) at the two-year arthroscopy seems to redu-
ce the risk of later failure.

Conclusion: Both groups improved their clinical scores in the short, 
medium and long-term observations. However, the risk of treat-
ment-failure and the frequency of radiographic OA are of concern. 
We found no long-term results favoring ACI.

8.3.8
Neocart in Comparison to Microfracture after Five Years: A Report 
of Primary Outcome Measures from a Phase II FDA-Regulated 
Clinical Trial
D. Crawford1, C.B. Ma2, D. Taylor3, T.M. Deberardino4, R.J. Williams5 
1Portland/United States of America, 2San Francisco/United States 
of America, 3Durham/United States of America, 4Farmington/
United States of America, 5New York/United States of America

Purpose: Evaluate efficacy of autologous chondrocyte tissue imp-
lant (ACTI) NeoCart in comparison to microfracture surgery. 

Methods and Materials: Thirty patients with full-thickness cartilage 
injury were randomized 2:1, two ACTI per microfracture, and eva-
luated prospectively. For ACTI treatment, NeoCart was implanted 
six weeks post-arthroscopic biopsy. Patient Reported Outcomes 
(PROs) were obtained at baseline and annual intervals. We report 
our findings after five years, at the conclusion of this randomized 
clinical trial (ClinicalTrials.gov, #NCT00548119). 

Results: Mean age (40±9yrs), BMI (28±4), injury acuity (3±5yrs) and 
lesion size (ACTI 287±136mm2 v. MF 252±135mm2) are similar bet-
ween NeoCart (n=21) and microfracture (n=9) groups. Mean final 
follow-up of 51±14 months (median=60) is reported, with eleven 
patients not completing the 60-month follow-up. For both groups, 
mean scores of PROs International Knee Documentation Committee 
(IKDC) and Knee Injury and Osteoarthritis Outcome Score (KOOS) 
pain improved at final follow-up compared to baseline (p<0.05). 
Significant increases in KOOS pain outcomes were observed at all 
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and ACI defects smaller than their mean (N=9; mean size 3.8 cm2; 
p=0.69) showed no significantly different clinical and radiological 
outcome to the results above. In this subgroup only 1 patient in the 
microfracture group and 3 patients in the ACI group received surgi-
cal intervention.

Conclusion: Both procedures show good and equal clinical and ra-
diological long-term outcome, even in subgroup analysis of same-
sized lesions. This has to be proven in studies with larger patient 
groups applying the latest version of ACI. The current study indi-
cates that treatment effects of ACI and MFX converge after 10 years.

8.3.10
Prospective, Randomised, Multicentre Phase II trial for Large 
Cartilage Defects with 3 Different Doses of the ACI product 
chondrosphere®

S. Fickert1, W. Zinser2, P. Niemeyer3, T. John4, C. Becher5,
T. Kolombe6, J. Fay7, R. Siebold8, V. Laute4 
1Straubing/Germany, 2Dinslaken/Germany, 3Freiburg/Germany, 
4Berlin/Germany, 5Hanover/Germany, 6Luckenwalde/Germany, 
7Kiel/Germany, 8Heidelberg/Germany

Purpose: Assessment of the one year clinical efficacy of 3 different 
doses of the threedimensional autologous chondrocyte implanta-
tion product chondrosphere (ACT3D-CS) for the treatment of large 
cartilage defects of knee joints.

Methods and Materials: 25 patients per treatment group administ-
red at one of three dose levels according to the extent of the defect. 
Efficacy variable are the change of overall KOOS from Day 0 to final 
assessment at 12 months after implantation, determined for each 
dose group and between the dose groups. Further assessments are 
at 6 weeks, 3 and 6 months after implantation.

Results: The dose groups were well balanced in respect of size, and 
demography and disease background; Defect sizes ranged from 2 to 
10 cm2. Primary defect locations were mostly the patella (47/75) or 
the femur (28/75); the tibia was not represented. ICRS grades were 
mostly III C or IV A, and were fairly evenly distributed between the 
treatment groups. Overall KOOS for the ITT population showed a 
statistically significant improvement in all three within-group ana-
lyses (for the high-, medium- and low-dose group respectively p = 
0.0010, 0.0001 and 0.0002). For ‘all patients’ the mean overall KOOS 
score rose from 57.0 to 73.2; changes within each dose group were 
of similar magnitude, and the three between-group (pairwise) ana-
lyses did not reveal any statistically significant differences between 
the dose groups. The strongest overall improvements of the Koos 
subscores were for ‘knee-related quality of life’, ‘function in sport 
and recreation’ and ‘pain’.

Conclusion: The study thus provides a strong indication that the 
ACT3D-CS is efficacious for large cartilage defects (4–10 cm2) at va-
rious locations in the knee (femur, patella). A significant improve-
ment in overall KOOS and each of the KOOS subscores was seen, 
for all dose groups and overall, between baseline and the 12-month 
post-treatment examination.

8.4.2
A Tissue Engineering Strategy for Integrative Cartilage Repair
K. Mroszczyk, H. Zlotnick, P.H. Liebesny, H.H. Hung, A. Grodzinsky 
Cambridge/United States of America

Methods and Materials: Using an in vitro model of defect repair, 
this study developed a strategy that employs both a self-assembling 
peptide hydrogel (KLD) functionalized with pro-anabolic HB-IGF-1 
and an enzyme pre-treatment of the cartilage surrounding a defect. 
Chondrocyte-seeded hydrogels with and without HB-IGF-1 were cul-
tured within bovine cartilage annuli receiving a pre-treatment (Fig. 
1A). Following 15 days of culture, the annuli and gel constructs were 
subjected to mechanical tests and biochemical assays to measure 
chondrocyte biosynthesis of proteoglycans.

Results: The rate of proteoglycan synthesis was elevated in cartila-
ge explants into which KLD pre-mixed with HB-IGF-1 had been cast; 
both the explants that had received the enzyme pre-treatment and 

those that were left untreated had a two-fold increase compared to 
the explants exposed to non-functionalized KLD (Fig. 1B). Similarly, 
GAG content was favorably elevated in the chondrocyte-seeded gels 
exposed to HB-IGF-1 (Fig. 1C). While GAG was depleted selectively 
within the explants receiving the pre-treatment, no negative effect 
was observed on the rate of proteoglycan synthesis or GAG content. 
Further, initial tests suggest that the combination of KLD functio-
nalized with HB-IGF-1 together with an enzyme pre-treatment may 
increase interfacial strength between engineered tissue and native 
matrix (Fig. 2).

Conclusion: Taken together, a strategy combining an enzyme pre-
treatment of a defect with a peptide hydrogel functionalized with 
HB-IGF-1 is a promising approach for enhancing integration. Stimu-
lating the surrounding tissue with the growth factor and allowing for 
functional integration of newly synthesized matrix promotes conti-
nuity at the interface between new and native tissue, ultimately im-
proving the overall quality of repair.
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8.4.3
Identification of MSC Affinity Peptide & its Application in Tissue 
Engineering Cartilage Repair
Z. Shao, Y. Ao 
Beijing/China

Purpose: This study is to find an affinity peptide towards MSCs and 
apply it in tissue engineering cartilage repair.

Methods and Materials: We identified a peptide sequence (E7) 
through phage display technology and tested the biological effect 
of this peptide. Thereafter, E7 was covalently conjugated onto po-
lycaprolactone (PCL) electrospun meshes to construct an “MSC-ho-
ming device” for the recruitment of MSCs both in vitro and in vivo. 
And then FITC-labeled E7 was used to modify the surface of decal-
cified bone 3D scaffold to construct a tissue engineering cartilage 
scaffold. This scaffold was implanted into the cartilage defect of a 
swine model. After 3 months, the histology assessment was perfor-
med to evaluate the results.

Results: Subsequent analysis suggested that the peptide could 
efficiently interact specifically with MSCs without any species spe-
cificity. The E7-conjugated PCL electrospun meshes were implan-
ted into a cartilage defect site of rat knee joints, combined with a 
microfracture procedure to mobilize the endogenous MSCs. After 
7 d of implantation, immunofluorescence staining showed that the 
cells grown into the E7-conjugated PCL electrospun meshes yielded 
a high positive rate for specific MSC surface markers (CD44, CD90, 
and CD105) compared with those in RGD-conjugated PCL electro-
spun meshes (63.67% vs. 3.03%; 59.37% vs. 2.98%; and 61.45% vs. 
3.82%, respectively,). Furthermore, the percentage of CD68 positive 
cells in the E7-conjugated PCL electrospun meshes was much lower 
than that in the RGD-conjugated PCL electrospun meshes (5.57% vs. 
53.43%). And then FITC-labeled E7 was used to modify the surface 
of decalcified bone 3D scaffold to construct a tissue engineering 
cartilage scaffold. This scaffold was implanted into the cartilage de-
fect of a swine model. After 3 months, the histology assessment on 
the defect area showed a good result of cartilage repair.

Conclusion: This method provides a wide range of potential applica-
tions in TE,especially in cartilage repair.

8.4.4
Increased Numbers of Holes in Mircrofracture Defects Result in 
Peripheral Cartilage Nodule Formation
J.J. Rodrigo1, M. Suri2, A.B. Anderson3, G.W. Bennett4 
1Waco/United States of America, 2Harahan/United States of America, 
3Charleston/United States of America, 4Conway/United States of 
America

Purpose: Spur formation (osteocartilaginous nodules), at the peri-
phery of arthritic joints is common. Unexpectedly, we observed a 
similar phenonemon in a rabbit microfracture model. The purpose 
of this study is to clarify the process by which peripheral osteocarti-
laginous nodules are formed.

Methods and Materials: New Zealand white rabbits were studied 
with a trochlear groove defect microfracture model under several 
different parameters: 3 month vs. 1 year old rabbits and a variable 
number of microfracture holes. Upon sacrifice of the animal, the 
knee was closely inspected and the location and number of oste-
ocartilaginous nodules was recorded. H & E and Safranin-O stains 
were performed on cross section slices through the defect, as well 
as peripheral nodules, when present.

Results: Osteocartilaginous nodules were observed in 22% (4/18) of 
the 17 control rabbits (abrasion only) and in 28% (2/7) of the 2 hole 
microfracture group. Rabbits treated with 4 and 6 hole microfracture 
patterns were found to have statistically significant (p<.05) higher 
number of osteocartilaginous nodules, 67% (6/9) and 87% (13/15), 
respectively. Age of the rabbits did not appear to be significantly as-
sociated with incidence of nodule formation. Histologtical analysis 
revealed that the nodules originated from the “ridge cartilage,” or 
peripheral mesenchyme, at the synovial-chondral junction distant 
from the microfracture site.

Conclusion: 1. There is a higher rate of peripheral nodule formati-
on in microfracture defects receiving an increased number of holes. 
2. Histological examination reveals that the nodules arise from the 

synovial chondral junction distant from the microfracture site. 3. 
There appears to be a threshold phenonenon where precusor cells 
are turned on. 4. The synovial chondral junction may be a “bank” of 
cartilaginous stem cells.

8.4.5
Remodeling Of Subchondral Bone After Nanofracture: 
An In-vivo Ovine Study
P. Zedde, G. Giachetti, F. Del Prete, A. Brunetti, A.F. Manunta 
Sassari/Italy

Purpose: The microfracture still represents the most frequently 
used primary technique to repair chondral defects. However, the 
formation of a fibrocartilagenous tissue-type are important limita-
tions. These shortcomings may be attributed to the limited perfo-
ration depth of the microfracture awl combined with apparent sub-
chondral bone compaction surrounding the microfracture channel.

Methods and Materials: The Orthopaedic Clinic of the University of 
Sassari carried out a study to compare subchondral bone remode-
ling 6 months after treatment of chondral defects with microfrac-
ture or nanofracture. Full-thickness chondral lesions were created 
in the load bearing area of the medial femoral condyle in 8 sheep. 
Each sheep was treated on one side with microfracture and on the 
other side with nanofracture. Subchondral bone remodeling was 
assessed on MicroCT using SKYSCAN (Bruker) and CTVOX software 
for image reconstruction. Trabecular bone density assessment was 
performed through color coded structure thickness analysis.

Results: MicroCT of the microfracture samples showed a limited per-
foration depth of the awl. The conical shaped channels had large di-
ameters at the joint surface. Channel walls displayed high regularity 
with significant trabecular bone compaction and limited communica-
tion of the channel with the surrounding trabecular canals. MicroCT 
scans of the condyles treated with nanofracture showed instead a 
greater depth of the perforations, natural irregularities of the chan-
nel walls, absence of trabecular compaction and remarkable commu-
nication between pre-existing trabecular canals and the perforation. 
Color coded structure analysis showed less trabecular fragmentation 
surrounding the channels as well as intra-channel bone remodeling 
with a trabecular structure similar to the native subchondral bone.

Conclusion: Nanofracture represents an innovative technique 
that allows for deeper perforation into the subchondral bone with 
less trabecular fragmentation and compaction when compared to 
microfracture. As a result, communication with a large number of 
the native trabecular canals allows better bone marrow access and 
therefore greater restoration of the normal architecture of the sub-
chondral bone.

8.4.6
BST-CarGel Treatment Demonstrates Sustained Cartilage Repair 
Superiority over Microfracture at 5 Years
M. Shive1, W.D. Stanish2, R. Mccormack3, F. Forriol Campos4,
N. Mohtadi5, S. Pelet6, J. Desnoyers7, S. Méthot1, K. Vehik8,
A. Restrepo1 
1Laval/Canada, 2Halifax/Canada, 3Vancouver/Canada, 4Madrid/Spain, 
5Calgary/Canada, 6Quebec City/Canada, 7Greenfield Park/Canada, 
8Tampa/United States of America

Purpose: To investigate the efficacy and safety of BST-CarGel® for 
cartilage repair in the knee compared to microfracture alone at 5 
years in a multicenter RCT.

Methods and Materials: The international RCT enrolled 80 patients, 
aged 18 to 55, with BMIs≤30 and symptomatic, full-thickness focal 
lesions on the femoral condyles. Patients were randomized (1:1) at 
the time of surgery to BST-CarGel® or microfracture alone, and fol-
lowed standardized 12-week rehabilitation. Repair tissue quantity 
and quality was evaluated longitudinally as the co-primary end-
points by standardized MRI and 3D quantification of lesion %Fill 
and T2 relaxation times. Secondary endpoints were clinical benefit 
determined using WOMAC questionnaires and safety. General esti-
mating equations were used for longitudinal statistical analysis of 
repeated measures.
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Results: Blinded MRI analysis demonstrated that BST-CarGel®-
treated patients showed a significantly greater treatment effect 
for lesion filling (p=0.017) over the 5 year follow-up compared to 
microfracture alone. Similarly, a significant treatment effect for 
BST-CarGel® was observed for repair tissue T2 relaxation times 
(p=0.026) which were closer to native cartilage compared to the 
microfracture group, indicating a more ordered, cartilage-like col-
lagen structure. BST-CarGel® and microfracture treatment groups 
both showed significant improvement from pre-treatment baseline 
at 5 years for all 3 WOMAC subscales of pain, stiffness and function 
(p < 0.0001). There was no difference between the treatment groups 
over the 1 to 5 year period for the WOMAC subscales. Safety was 
comparable for both groups over the 5 year study. 

Conclusion: At 5 years post-treatment, patients treated with BST-
CarGel® demonstrated sustained durability of repair with signifi-
cant structural superiority over microfracture alone for repair tissue 
quantity and quantity. Additionally, the clinical benefit at 5 years for 
BST-CarGel® was highly significant over the baseline levels of pain, 
stiffness and function, demonstrating that BST-CarGel® is a safe and 
effective treatment for symptomatic full-thickness cartilage lesions.

8.4.7
Treatment of Cartilage Defects by Autologous Matrix-induced 
Chondrogenesis (AMIC) & Microfracture Generates Subchondral 
Bone Cysts.
A. Beck, A. Wang, R. Smith, M. Zheng, D. Murphy 
Perth/Australia

Purpose: Microfracture for cartilage repair damages the subchon-
dral bone and can cause subchondral bone cyst formation, thereby 
increasing failure risks in subsequent therapies. Autologous matrix-
induced chondrogenesis (AMIC) is a one-step procedure that com-
bines microfracture with collagen scaffold. Hence we investigated 
both techniques in a sheep cartilage repair model.

Methods and Materials: Thirty-six sheep were randomly divided 
into 3 groups (AMIC, microfracture and control) and given a full-
thickness, 8mm cartilage defect to the left medial femoral condy-
le. The control group was left untreated. AMIC and microfracture 
groups received 5 microfracture holes. Defects in the AMIC group 
were additionally covered with a type I/III collagen scaffold. Sheep 
were allowed immediate weight-bearing. Thirteen weeks (n=18) 
and 26 weeks (n=18) postoperative, cartilage repair was evaluated 
macro/microscopically and subchondral bone morphometric para-
meters were measured by micro-CT (26 weeks). 

Results: Postoperative ambulation in all animals was normal. De-
fect repair in both treatment groups was characterized by marginal 
and nodule-like repair tissue. The average defect infill for AMIC and 
microfracture at 13 weeks was 36% and 33%, respectively and incre-
ased to 68% and 66%, respectively at 26 weeks. At both time points 
there was no significant difference between treatment groups, alt-
hough significant difference between the untreated and both treat-
ment groups was noted (p<0.02). Both treatment groups showed 
alterations in subchondral bone microarchitecture. Cartilage defect 
creation resulted in significant trabecular thickening. Microfracture 
holes resulted in subchondral bone cysts in 11/12 sheep (mean size 
119 mm3 (range 14 – 237 mm3; all communicated with the microfrac-
ture holes) and significant elevation in trabecular thickness below 
and distant to the cartilage defects. 

Conclusion: This study shows improved repair in cartilage defects 
treated with AMIC and microfracture, but no significant difference 
between treatments. Although the repair tissue formed predomi-
nantly in the microfracture holes, microfracture leads to severe alte-
ration of the subchondral bone architecture and subchondral bone 
cyst formation. 

8.4.8
Regeneration of Articular Cartilage with an in Vivo Tissue 
Engineering Strategy using a Functional Biphasic Materials
H. Huang, X. Hu, Z. Shao, Y. Ao 
Beijing/China

Purpose: Cartilage regeneration after trauma is still a great challen-
ge for clinicians and researchers due to many reasons, such as joint 
load-bearing, synovial movement and the paucity of endogenous 
repair cells. To overcome these limitations, we constructed a one-
step in vivo tissue engineering strategy using a functional biphasic 
materials for cartilage regeneration. 

Methods and Materials: A chitosan hydrogel and demineralized 
bone matrix were used to build a biphasic material platform, which 
was conjugated with a BMSCs affinity peptide (E7, EPLQLKM). A flu-
orescence assay and confocal microscopy were used to characteri-
ze the peptide conjugation. Two-photon excitation in situ confocal 
imaging, biochemical assays, metabolic activity tests and cartilage-
specific gene expression analysis were performed to assess bioac-
tivity of E7 peptide conjugated to scaffolds in vivo and in vitro, cell 
proliferation and cartilaginous matrix formation within this func-
tional scaffolds. A trochlea cartilage defects model was used for 
cartilage repairing with this functional materials using a one-step 
surgery, which evaluated by histological observations, magnetic re-
sonance imaging and biomechanical properties.

 

Results: The E7 peptide can be sufficiently conjugated onto the 
biphasic scaffold platform. Compared with control scaffolds, E7 
conjugated biphasic materials significantly improved BMSC-tar-
geting recruitment and homing in vitro and in vivo. This functional 
biomaterial can stimulate stem cell proliferation and chondrogenic 
differentiation during in vitro culture. Six months after in vivo im-
plantation, compared with routine surgery or control scaffolds, the 
functional biomaterials induced superior cartilage repair without 
complications.
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Conclusion: This functional biphasic materials significantly eleva-
ted the efficacy of cartilage repair by the integration of improved 
BMSC homing (E7 peptide), mechanical support and chondrogene-
sis (DBM), and cell retention and repaired tissue integration (chi-
tosan hydrogel). Beyond cartilage repair, this functional biphasic 
scaffold may provide a biomaterial framework for one-step in vivo 
tissue engineering strategy by homing endogenous cells to stimu-
late tissue regeneration.

8.4.9
Growth Factor-Mediated Migration of Trabecular Bone-Derived 
Progenitor Cells for Accelerated Scaffold Population
P.H. Liebesny1, K.A. Mroszczyk1, H.M. Zlotnick1, H.H. Hung1,
D.D. Frisbie2, J.D. Kisiday2, A. Grodzinsky1 
1Cambridge/United States of America, 2Fort Collins/United States 
of America

Purpose: Improved microfracture surgery through addition of cell-
free scaffolds may benefit from functionalized growth factors (GFs) 
to induce chondrogenesis and neotissue production[1]. Migration 
of endogenous progenitors into scaffolds before GFs diffuse out is 
critical. We used a novel 3D gel-to-gel migration system to evalu-
ate the chemotactic impact of GFs, PDGF-BB, TGF-β1, and heparin-
binding IGF-1 (HB-IGF-1) on subchondral trabecular bone-derived 
progenitor cells (TB-PCs) in vitro.

Methods and Materials: TB-PC harvest/encapsulation: Cells were 
mechanically driven from trabecular bone fragments of 1-2 week-old 
bovine condyles; progenitors were isolated by differential adhesi-
on[2]. Passage 1/2 TB-PCs were encapsulated in 3.5 mg/mL (KLDL)3 
self-assembling peptide hydrogel and cultured to test chondrogenic 
potential. Migration assay: TGF-β1(100ng/mL), PDGF-BB(100ng/
mL), and HB-IGF-1(500nM) were premixed in (KLDL)3 and cast into 
6mm wells, followed by a contiguous layer of (KLDL)3 encapsula-
ting 150k TB-PCs[FIG-1a]. After 4-days of culture in lg-DMEM+1% 
FBS, cells were fixed, stained (propidium iodide), imaged (confocal 
microscopy), and migration quantified (MATLAB-script[3]). Stati-
stics: Values are mean±SEM; comparisons use mixed effects mo-
dels and Tukey post-hoc tests (p<0.05).

Results: TB-PC chondrogenesis: TB-PCs proliferated following hy-
drogel-encapsulation[FIG-2a] and showed strong chondrogenic po-
tential (e.g., sGAG synthesis/deposition[FIG-2b,c]). GF-stimulated 
TB-PC migration: Cells moving beyond 1-2 standard deviations past 
the gel-gel interface were classified as migrating. The combination 
TGF-β1+PDGF-BB induced significant migration compared to GF-free 
controls[FIG-1b].

 

Conclusion: Bovine TB-PCs demonstrated strong 
chondrogenesis[FIG-2], and TGF-β1+PDGF-BB induced TB-PC mi-

gration in (KLDL)3 over 4-days. Accelerated cell invasion into the-
se scaffolds appears possible in vivo, though the influence of sy-
novial fluid in the joint remains to be determined. The relationship 
between TGF-β1 and PDGF-BB is cell-type dependent[4], and our 
results indicate synergistic chemotactic effects. Since TGF-β1 is the 
canonical inducer of chondrogenesis in vitro, these results suggest 
that PDGF-BB-mediated cell recruitment may be enhanced in pro-
chondrogenic microenvironments in vivo. ACKNOWLEDGMENTS: 
NIH AR060331; REFERENCES: [1]Dhinsa+ Curr Stem Cell Res Ther 
2012;[2]Kisiday+ J Orthop Res 2008;[3]Miller+ PNAS 2013;[4]Dono-
van+ Front Biosci 2012.

8.4.10
Nano-porous Polycaprolactone Scaffolds Results in Foreign Body 
Reaction in an Articular Cartilage Repair Model in Minipigs
M.L.L. Olesen, C.B. Foldager, B.B. Christensen, H. Lysdahl, M. Lind 
Aarhus/Denmark

Purpose: To investigate the articular cartilage repair potential of a 
novel nanostructured polycaprolactone (PCL) scaffold in a porcine 
chondral defect model. The scaffold treatment was compared with 
the gold standard treatment, microfracture (MFx).

Methods and Materials: The scaffolds were produced by rapid 
prototyping of a PCL backbone structure. The nanostructure was 
created by thermal induced phase separation of a tertiary soluti-
on injected into the PCL backbone. The macro- and nano-porous 
structure was validated by scanning electron microscopy, and the 
biocompability of the PCL material was tested in vitro using two dif-
ferent cell lines. Ten skeletally mature Göttingen minipigs received 
a cylindrical full thickness chondral defect (Ø=6mm) in the medial 
femoral trochlea in both knee joints (n=20). The defects were ran-
domized into two groups: 1) MFx treatment, and 2) MFx+scaffold 
(Ø=6mm, h=0.8 mm). MRI scans were performed at baseline and 
at three and six months follow-up. After six months, repair tissue 
was scored qualitatively and quantitatively using histological analy-
sis and a modified O’Driscoll score (scale; 0-22). Gross appearance 
and radiological evaluation were performed using the ICRS cartilage 
repair assessment score and MOCART score, respectively. 

Results: The results of the biocompability study demonstrated no cyto-
toxic effects. Complete regeneration of the cartilage was not seen in any 
of the treated knees. The MFx group scored significantly higher, than 
the MFx+scaffold group in both the O’Driscoll score (P<0.001), and the 
ICRS score (p=0.03). Histologic evaluation of the repair areas revealed 
foreign body giant cells in the scaffold-treated groups. No significant 
difference was found in the MOCART score at any of the time-points.
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Conclusion: PCL scaffolds with a nano-porous tertiary structure re-
sulted in foreign body reaction and significantly lower histological 
scores when used as adjuvant therapy to MFx treatment compared 
to MFx alone.

10.1.2
Shift in Knee Weightbearing Line is Associated with 
Compartment of Meniscus Injury
K.K. Briggs, L.M. Matheny, G.J. Dornan, J..R. Steadman 
Vail/United States of America

Purpose: To determine if alignment is associated with location of 
meniscal tear in patients who underwent meniscectomy. 

Methods and Materials: This study was IRB approved. Patients who 
underwent medial or lateral meniscectomy, completed a preopera-
tive questionnaire, and had long-leg standing radiographs were in-
cluded. Weightbearing shift was calculated for each leg. A line from 
center of femoral head to center of ankle joint was drawn. Shift in 
weightbearing line(SWL) was calculated as ratio of distance bet-
ween center of knee joint at the point where the line intersected the 
knee and width of the compartment through which the line crossed. 
Reviewers were blinded to operative leg at time of radiographic re-
view.

Results: 452 patients met inclusion criteria(278 males,174 fe-
males). 160 had medial meniscus tears, 165 had lateral meniscus 
tears and 127 had tears in lateral and medial menisci. Inter-rater ag-
reement was excellent in surgical(ICC=0.992; 95%CI[0.987,0.995]) 
and non-surgical knees(ICC=0.984;95%CI[0.976,0.990]). In non-
surgical knees, mean SWL was 16.5% medial malalignment in pa-
tients with lateral tears and 24.5% medial malalignment in pati-
ents with medial tears. Non-surgical knee and surgical knee SWL 
were significantly correlated(r=0.567,p<0.001). In patients with 
medial tears, adjusted SWL(surgical–nonsurgical SWL) was 8.5% 
medial malalignment. In patients with lateral tears, adjusted SWL 
was 10% lateral malalignment. In patients with medial and la-

teral tears, adjusted SWL was 4.5% medial malalignment. Adju-
sted SWL was significantly different between lateral and medial 
groups(p<0.001;ANOVA,Tukey HSD) and between lateral and both 
meniscus groups(p<0.001;ANOVA,Tukey HSD).

Conclusion: SWL is different based on location of meniscus injury 
prior to meniscectomy. Nonsurgical knee was aligned in medial 
compartment, indicating normal alignment may be more medial. By 
adjusting SWL using nonsurgical knee, more accurate assessment 
of malalignment may be determined. If adjusted SWL is used, late-
ral malalignment is associated with increased prevalence of lateral 
tears and medial malalignment is associated with increased preva-
lence of medial tears. 

10.1.3
Return to Operating Room following Meniscal Repair: 90 day, 1 
year, and 2 year analysis
S. Rosas1, F. Mccormick1, T. Law1, R.M. Frank2, B.J. Erickson2,
B. Nwachukwu3, C. Nguyen1, B.R. Bach, Jr2, B. Cole2 
1Fort Lauderdale/United States of America, 2Chicago/United States 
of America, 3New York/United States of America

Results: Our query yielded 556,521 meniscal tear diagnoses during 
the study period. Of these, 18895 underwent meniscal repair surge-
ry. The return to the OR during the initial 90 days following surgery 
was 6.4%,15.05%, and 20.2% within 2 years. The breakdown of sur-
gical procedures performed is demonstrated in Figure 1.

 

10.1.4
Factors Affecting Healing Status of Meniscal Tears Repaired 
during Anterior Cruciate Ligament Reconstruction
T. Matsushita, R. Kuroda, K. Nagai, D. Araki, T. Inoguchi, K. Nishida, 
T. Matsumoto, K. Takayama, M. Kurosaka 
Kobe/Japan

Purpose: The purpose of the present study is to analyze the fac-
tors affecting healing of meniscal tears evaluated by second-look 
arthroscopy after meniscal repairs during anterior cruciate ligament 
(ACL) reconstructions in our hospital.

Methods and Materials: We retrospectively examined 87 patients 
who received meniscal repairs combined with ACL reconstructions 
and received second-look arthroscopy at the time of removal of a 
post screw. (Medial 70, lateral 17, mean age 24.9 years old, mean 
follow-up 30.2 months). We divided into three groups, complete 
heal, incomplete heal and re-tear group, and analyzed the factors 
that affect the healing status of the repaired menisci. Multivariate 
logistic analysis was performed to detect the factors that could cau-
se re-tears of the repaired menical tears.

Results: The results of the meniscal repair was judged as complete 
heal in 49 knees (56%), incomplete heal in 19 knees, (22%) and re-
tear in 19 knees (22%). There was no significant difference among 
the groups in in age, sex, time from injury to operation, Tegnar acti-
vity scale, the mean postoperative anteroposterior tibial translation 
on KT-1000 and the postoperative Lysholm score. The mean length 
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of the tear was significantly high in the re-tear group. Additionally, 
the ratio of complete tear and the positive ratio of the pivot shift 
test after operation was significantly high in the re-tear group. Mul-
tivariate logistic analysis to compare the difference between the 
non-re-tear group (Complete heal and incomplete hear groups) and 
the re-tear group showed a significantly high ratio of complete tear 
(OR= 8.26, 95% CI 1.69-40.0, P=0.009) and the positive pivot shift 
test (OR= 9.18, 95% CI 1.80-46.7, P=0.008).

Conclusion: The results suggested even subclinical residual instabi-
lity could be a cause of re-tear of repaired meniscal tears and needs 
to be eliminated by proper ACL reconstructions. In addition, complete 
tears may need an additonal treatment to enhance biological healing.

10.1.5
Which are the Most Reliable Methods of Predicting Meniscal 
Size for Transplantation?
C. Kaleka, A.S. Netto, J.C.A. Silva, M.K. Toma, R.P.L. Cury 
Sao Paulo/Brazil

Purpose: To compare meniscus measurements obtained from radi-
ographic and anthropometric data in order to determine the more 
accurate and reliable method to establish meniscal size in compa-
rison with MRI. 

Methods and Materials: Following approval a total of 22 adults 
scheduled to undergo radiographic and MRI imaging of the knee 
(44). Anthropometric Data: Based on the methodology established 
by Van Thiel, as follows: Meniscus Size = [Constant coefficient] + 
[(coefficient of height x height)] + [(coefficient of weight x weight)]. 
Radiographic Measurements: Based on the methods proposed by 
Pollard et al. The equation proposed by Yoon et alwas also used to 
establish the length of the lateral meniscus. Magnetic Resonance 
Imaging Measurements: Was performed to encompass in the same 
image the insertion roots of the tibia and the borders of the anterior 
horn, body and posterior horn of the medial and lateral meniscus 
to obtain length and width. Statistical Analysis: validation data was 
achieved using Pearson’s correlation, interclass correlation coeffi-
cient, and Wilcoxon’s non-parametric test for all variables, with a 
significance level established at 95%. Accuracy was established as 
a 10% measure discrepancy from the gold standard (MRI).

Results: No statistically significant difference was observed bet-
ween the right and left knee. Lateral meniscal width on radiographs 
was 47.7% overestimated compared to the MRI; anthropometric 
data were not statistically different from MRI. The length of the la-
teral meniscus was better assessed by the anthropometric method 
and by Yoon’s method. Anthropometry underestimated the width 
and length of the medial meniscus. The radiographic method was 
comparable to MRI to establish all medial meniscus measurements 
with an accuracy of 93.2% for length and 77.3% for width.

Conclusion: Some viable alternatives to MRI are suggested. For the 
lateral meniscus, anthropometric data is an alternative for width 
and Yoon’s method can be used to assess length. For medial menis-
cus, Pollard method is considered a satisfactory alternative.

10.1.6
Knee Joint Contact stress & Contact area before & after Meniscus 
Allograft Transplantation: A Preliminary in Vivo study in Patients
H. Wang, D.E. Fowler, R.F. Warren, S. Maher, S. Rodeo 
New York/United States of America

Purpose: To measure contact stress and weight bearing area on the 
tibial articular cartilage surface in patients receiving meniscal allo-
grafts (MAT) before and after MAT placement.

Methods and Materials: So far, three patients (2m/1f, age 26±9 
year, weight 68.2±2 kg) who were to undergo lateral meniscal allo-
graft transplantation surgery were enrolled. The study was appro-
ved by the IRB and informed consent was obtained from each pati-
ent. During the surgery, contact stress on the tibial plateau surface 
was measured using a thin-electronic sensor (Tekscan Inc.). The 
sensor was calibrated and trimmed to accommodate to the shape of 
the tibiofemoral compartment (Figure 1), then sterilized using ethy-

lene oxide. The sensor was passed through a small arthrotomy from 
anterior to posterior by pulling the posterior tab via a passing suture 
placed through a posterolateral incision, and its position was ad-
justed arthroscopically to cover the whole tibial plateau. A custom 
designed boot augmented with a load cell (JR3 Inc.) was used to 
apply a 50% body weight axial load to the foot with knee in full ex-
tension. The applied axial load and knee joint contact stresses were 
synchronously recorded. Contact stress and contact area were eva-
luated after cleaning the debris (meniscectomy condition) and when 
the allograft was in place (MAT). 

Results: We developed an intraoperative protocol to measure 
contact stress and weight bearing area on the tibial articular carti-
lage surface under an axial load mimicking standing. Compared to 
the meniscectomy condition, MAT resulted in a reduction in peak 
contact stress (2.1 ± 1.1MPa vs. 1.5 ± 0.6MPa) and an increase in total 
weight bearing area (162 ± 24mm2 vs. 282 ± 71mm2) on the ipsilate-
ral tibial cartilage surface (Figure 2). 

Conclusion: This preliminary data provides biomechanical evidence 
of a positive effect of meniscal allograft transplantation on knee 
joint cartilage contact mechanics in patients with meniscal defici-
ency.
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10.1.7
Meniscal and Tibio-femoral Kinematics after Meniscal 
Transplantation
P. Noble1, H. Jones1, D. Dolce2, M. Hogen1, J. Alder1, A. Gale1,
P.C. McCulloch1 
1Houston/United States of America, 2Fort Worth/United States of 
America

Purpose: Although meniscal allografts is effective in prolonging the 
life of the native knee, improvements in the procedure are sought 
to restore the performance of transplanted meniscal function. The 
practice of protecting the allograft from post-operative overload 
may permanently constrain the physiologic motion of the meniscus 
and femur with respect to the tibia. We conducted this study to an-
swer the following: (i) How does the kinematics of a transplanted 
meniscus compare to the native, and (ii) How are knee kinematics 
affected by meniscal transplantation?

Methods and Materials: Eight cadaveric knees performed a squat-
ting maneuver in a simulator under bi-planar radiographic surveil-
lance. The relative positions of the femur, tibia, and lateral meniscus 
were measured using roentgen stereophotogrammetric analysis 
(RSA). Markers of different diameters and densities were implanted 
along the following locations: anterior root, anterior mid, anterola-
teral, posterolateral, posterior mid, posterior root. Each knee was 
mounted in a loading apparatus that applied the forces occurring 
during squatting. This procedure was repeated after replanting the 
lateral meniscus as an autograft to exclude sizing effects along with 
tibial fixation of bone blocks and peripheral menisco-capsular su-
ture fixation. 

Results: During flexion, the native meniscus translated posterior-
ly, undergoing internal elongation and contraction (Fig. 1). In the 
posterior direction, the AM translated more than the posterior re-
gion (11.20mm vs. 7.45mm, p=0.003). During this maneuver the 
meniscal area adjacent to the LCL contracted, causing neighboring 
regions to elongate (Fig 1, 2). The transplanted meniscus was more 
constrained and didn’t replicate the dynamic nature of the native. 
Overall posterior translation reduced to 7.98±2.8mm (p=0.028) and 
6.92±2.6mm (p=0.018). The lateral femoral condyle translated pos-
teriorly during flexion by an average distance of 23.3±3.2mm in the 
intact knees vs. 19.3±3.3mm (p=0.04) after transplantation (Fig 3).

 

Conclusion: This study found a decrease in meniscal translation and 
compliance after transplantation, which inhibited femoral rollback 
at mid-flexion.

10.1.8
Outcomes of Meniscal Allograft Transplantation in the Pediatric 
Athlete
J.C. Riboh, A.K. Tilton, G.L. Cvetanovich, K.A. Campbell, B. Cole 
Chicago/United States of America

Purpose: Meniscal allograft transplantation (MAT) has a successful 
clinical track record in adults. The results of MAT in children have 
not been reported. The goal of this study was to report the results 
of MAT with minimum 2-year follow-up in this unique population.

Methods and Materials: After IRB approval, all patients under the 
age of 16 undergoing MAT between 1999 and 2011 and having > 2 
year clinical follow-up were identified from a prospectively collected 
database. Demographic data including age, height, weight, BMI and 
prior surgery were collected. Functional outcome scores were colle-
cted pre-operatively and at 6 months, 1 year, 2 years and final follow 
up. Differences between scores at each time point were compared 
using a mixed model repeated measures ANOVA. All re-operations 
were documented. 

Results: 17 patients met inclusion criteria. Mean age was 14.9 
+/- 1.4 years (range 11 – 16). 10/17 patients had undergone prior 
knee surgery. 59% were female and 41% were male. The average 
BMI was 23.4 +/- 5.9. Concomitant procedures included 7 ACI, 1 ACI 
biopsy and one ACL reconstruction. All patients were available for 
follow-up at an average of 38 +/- 30 months (range 24 –122). Sur-
gery resulted in significant improvements in KOOS pain, KOOS ADL, 
KOOS sport and KOOS QOL scores (Figure 1). Similar improvements 
were seen in Lysholm, IKDC subjective, WOMAC pain,WOMAC func-
tion, and SF-12 physical scores. 3/17 (18%) patients underwent 
subsequent surgical intervention, however only one (6%) required 
a graft meniscectomy. One patient required a plica excision, and 
the other acombined ACL reconstruction and ACI. No complications 
were found in this population. 

Conclusion: MAT results in predictable improvements in functio-
nal outcomes in the pediatric athlete. Most of these improvements 
were sustained at an average follow up of 38 months. The meniscal 
re-operation rate was low (6%) and no complications were reported.
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10.1.9
Meniscal Allograft Transplantation: Analysis of Outcome Based 
on Articular Cartilage Status in 114 Consecutive Cases.
T. Spalding1, B. Parkinson1, P. Kempshall2, Y. Pengas1, P. Thompson1 
1Coventry/United Kingdom, 2Gloucestershire/United Kingdom

Purpose: Meniscal Allograft Transplantation (MAT) is an accepted 
option in the management of symptomatic meniscal deficiency but 
early series excluded advanced surface wear. We report the outcome 
of MAT based on the status of the articular cartilage at initial surgery.

Methods and Materials: Patients undergoing MAT since 2005 were 
prospectively analysed, collecting operative and demographic data 
and patient reported outcome measures (PROMS). Patients with mi-
nimum 12 months follow up were allocated to groups by cartilage 
status. Group 1 (Good) - articular cartilage surfaces ICRS grade 1-3a, 
Group 2 (Borderline) - surfaces grade 3b or greater on one surface 
and had repair procedures, and Group 3 (Salvage) - grade 3b or gre-
ater on both surfaces. Osteotomy, ligament reconstruction and car-
tilage repair surgery was performed concomitantly as appropriate. 
Failure was conversion to arthroplasty or graft removal.

Results: All 114 consecutive transplants (111 patients, mean age 31.6) 
were included. Mean follow-up was 25 months without loss. Mean 
time from menisectomy to MAT was 9.3 years and significantly corre-
lated to chondral surface (p<0.05). Overall graft failure occurred in 12 
cases (10.5%) at a mean time of 15 months. 75% of graft failures and 
tears were from one particular tissue bank (p<0.05). In group 1 (n=64) 
one graft failed (1.5%). In group 2 (n=24) two grafts failed (8%) and in 
group 3 (n=26) nine grafts failed (34%). When the grafts survived the 
change in PROMS was not significantly different between the groups.

Conclusion: In this series incorporating biological resurfacing princip-
les, MAT has high patient satisfaction and improvement in function. 
The failure rate was low but increased with increasing chondral wear. 
Graft source was in independent predictor of failure and outcome. 
Caution is needed when considering MAT when bare bone is present 
on both surfaces, however, when the graft survived the PROMS out-
comes were not significantly different to optimal indications.

10.1.10
Return to OR Rates following Meniscal Allograft Transplantation: 
A retrospective Analysis of a US Commercial Insurance Database
R.M. Frank1, T. Law2, S. Rosas2, B.J. Erickson1, B. Nwachukwu3,
C. Nguyen2, B.R. Bach, Jr1, B. Cole1, F. Mccormick2 
1Chicago/United States of America, 2Fort Lauderdale/United States 
of America, 3New York/United States of America

Purpose: The purpose of this study is to utilize a large private payer 
database to determine more accurately the rate of return to the ope-
rating room (OR) within the first two years following MAT.

Methods and Materials: A retrospective review of a large private 
payer database within the PearlDiver Supercomputer application 
(Warsaw, IN) was conducted between the years 2007 through 2011 
utilizing CPT code 29868 (MAT) and ICD-9 codes 836.0 (tear of me-
dial cartilage or meniscus of knee) or 836.1 (tear of lateral cartilage 
or meniscus of knee). Within 90 days, 1 year, and 2 years of surge-
ry, this search was cross-referenced with CPT codes 29877, 29881, 
29882, 29883, 29868, 27446, 27447 and 27570 (chondroplasty, 
arthroscopy with meniscectomy including meniscal shaving, ar-
throscopy with meniscus repair medial or lateral, arthroscopy with 
meniscus repair medial and lateral, revision MAT, unicompartmen-
tal knee arthroplasty, total knee arthroplasty, and manipulation un-
der anesthesia respectively). Statistical analysis, descriptive analy-
sis, and contingency table analysis was performed.

Results: A total of 556,521 patients were found to have meniscal pa-
thology as determined by ICD-9, with 291 (0.05%) undergoing MAT 
(134 females, 157 males) during the 5-year time period. The majority 
of MATs were performed in the 15 – 19 year old age group (21.6%), 
followed by the 20 – 24 year old age group (18.2%).The incidence 
of the analyzed post-operative return to OR rate was 0% at 90 days 
postoperatively (Table 1), while the rate of revision MAT was 4.5% at 
1 year and 2-years following surgery. The rate of chondroplasty was 
4.1% at 1-year and 5.5% at 2-years, while the rate of arthroscopic 
menisectomy was 5.5% and 7.9%, respectively.

 

Conclusion: In a large private payer database encompassing over 
550,000 patients, the 90-day return to OR rate is 0%, while the 1 
and 2-year return to OR rates were 14.1% and 17.9%, respectively. 

10.2.2
Inducion of Repair Tissue Formation after Nucleotomy & 
Comparison of gel-like Implants Versus Matrix-based Implants
M. Endres, U. Freymann, J. Krüger, C. Woiciechowsky, C. Kaps 
Berlin/Germany

Purpose: Nucleus pulposus (NP) repair after nucleus herniation is 
a topic that becomes more and more into the focus of attention. 
The formation of repair tissue, maintenance of disc height and in-
itial biomechanical properties of an implantable matrix have been 
assessed either in animal studies or in vitro. Furthermore, the out-
come of implantation of two different biomaterials after nucleotomy 
were compared to a sham operated group regarding tissue repair 
and quality of the newly formed repair tissue.

Methods and Materials: All animals underwent nucleotomy or nu-
cleotomy following implantation of freeze-dried resorbable polygly-
colic acid-hyaluronan (PGA/HA) implants. For a comparative study, 
animals were treated with either PGA/HA or fibrin gel/serum after 
nucleotomy. MRI was used to calculate the signal intensity index 
(SI) and disc height before and after treatment. Animals were sa-
crificed 6 or 12 months following surgery and the repair tissue was 
analyzed for the existence of proteoglycans and collagens. Bovine 
lumbar spinal units were tested in vitro for range of motion (ROM) 
and neutral zone (NZ) in intact specimen, after nucleotomy and after 
insertion of PGA/HA implants using a loading simulator.

Results: The SI of the operated discs showed that implantation of 
PGA/HA implants improved the MRI signal compared to sham ope-
rated animals 6 months after surgery in sheep and 6 and 12 months 
in rabbits. Histological analysis revealed cell ingrowth and repair 
tissue rich in proteoglycans and collagen type II. In contrast to fi-
brin/serum, implantation of PGA/HA led to a significant increase of 
repair tissue formation compared to the sham group. Intradiscal im-
plantation of a PGA-HA, restored spinal stability regarding flexion/
extension movements in vitro.

Conclusion: Augmentation of the NP after nucleotomy either with 
gel implants or PGA/HA-based implants leads to qualitative higher 
repair tissue formation compared to nucleotomy only. Additionally, 
PGA/HA-based implants initially improve spinal stability and offers 
the possibility of implant fixation.
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10.2.3
Loss of HIF-1α in the Notochord Results in Cell Death and 
Complete Disappearance of the Nucleus Pulposus.
C. Merceron1, L. Mangiavini1, A. Robling2, T.L. Wilson1, A.J. Giaccia3, 
I.M. Shapiro4, E. Schipani1, M.V. Risbud4 
1Ann Arbor/United States of America, 2Indianapolis/United States 
of America, 3Stanford/United States of America, 4Philadelphia/
United States of America

Purpose: The intervertebral disc (IVD) is one of the largest avascular 
organs in vertebrates. The nucleus pulposus (NP), a highly hydra-
ted and proteoglycan-enriched tissue, forms the inner portion of 
the IVD. The NP is surrounded by a multi-lamellar fibrocartilaginous 
structure, the annulus fibrosus (AF). This structure is covered supe-
rior and inferior side by cartilaginous endplates (CEP). The NP is a 
unique tissue within the IVD as it results from the differentiation of 
notochordal cells, whereas, AF and CEP derive from the sclerotome. 
The hypoxia inducible factor-1α (HIF-1α) is expressed in NP cells but 
its function in NP development and homeostasis is largely unknown.

Methods and Materials: We thus conditionally deleted HIF-1α in 
notochordal cells and investigated how loss of this transcription 
factor impacts NP formation and homeostasis at E15.5, birth, 1 and 
4 months of age, respectively. Histological analysis, cell lineage 
studies, and TUNEL assay were performed. Finally, to evaluate the 
functional consequences of HIF-1α deletion in the NP, biomechani-
cal testing of mutant IVD was performed.

Results: Morphologic changes of the mutant NP cells were iden-
tified as early as E15.5, followed, postnatally, by the progressive 
disappearance and replacement of the NP with a novel tissue that 
resembles fibrocartilage. Notably, lineage studies and TUNEL assay 
unequivocally proved that NP cells did not transdifferentiate into 
chondrocyte-like cells but they rather underwent massive cell de-
ath, and were completely replaced by a cell population belonging to 
a lineage distinct from the notochordal one. Loss of the NP in mu-
tant mice significantly reduced the IVD biomechanical properties by 
decreasing its ability to absorb mechanical stress. These findings 
are similar to the changes usually observed during human IVD de-
generation.

Conclusion: Our study thus demonstrates that HIF-1α is essential 
for NP development and homeostasis, and it raises the intriguing 
possibility that this transcription factor could be involved in IVD de-
generation in humans.

10.2.4
Influence of Commonly used Pain Medication on Nucleus 
Pulposus Cells
C. Eder, J. Trifinopoulos, S. Schildboeck, M. Ogon 
Vienna/Austria

Purpose: To allow percutaneous, fluoroscopically guided transplan-
tation of intervertebral disc cells, single cells suspended in a fluid or 
hydrogel carrier are usually applied. As the physiological situation 
of the nucleus pulposus cell is the solid tissue compound, single 
cells lacking their specific extracellular environment might be more 
sensitive to pharmacological noxa. Aim of the presented study is 
to test the effect of commonly prescribed pain medication on pro-
liferation, viability and differentiation features of healthy nucleus 
pulposus cells.

Methods and Materials: Bovine nucleus pulposus cell cultures 
were generated from cadaver material. Cells were plated at a den-
sity of 5x104 cells per well into 24 well plates and incubated with 
Dulbecco´s Modified Eagle´s Medium (DMEM) supplemented with 
10% Fetal Calf Serum (FCS), 0,05 mg/ml Ascorbic Acid and 2mM L-
Glutamin (control group) or in medium additionally supplemented 
with either 2,6 µg/ml Diclofenc-Natrium (Diclobene®), 60µg/ml Me-
tamizol-Natrium (Novalgin®) or 30µg/ml Paracetamol (Perfalgan®). 
Dosage was chosen according to plasma levels after intravenous 
administration. Cell proliferation, viability and differentiation were 
analysed.

Results: Cell count after 24 hours was 6,7x104 in the control group, 
but only 4,2 x104 (Metamizol) resp. 4,3 x104 (Paracetamol) resp. 4,8 
x104 (Diclofenac); p<,0004. After cessation of medication contact, 
cells originally cultured in medium supplemented with paracetamol 
or diclofenac needed more than 4 weeks to reach proliferation re-

sults comparable to control. Cells cultured in medium supplemen-
ted with metamizol showed no recovery at all. Cell viability after 
5 days of medication supplementation was 99% in the group and 
after diclofenac supplementation, 97% after paracetamol supple-
mentation (n.s.) but only 74% after supplementation with metami-
zol (p>0,0001). Glycosaminoglycan synthesis was also significantly 
decreased in all medication groups.

Conclusion: Metamizol showed the highest decrease in cell proli-
feration and viability and led to a reproducible dieback of nucleus 
pulposus cells. It should therefore be used with caution in patients 
planned for intervertebral disc cell transplantation.

10.2.5
Preclinical Intradiscal Application of Celecoxib loaded Hydrogels 
in a Canine Spontaneous Intervertebral Disc Degeneration Model
N. Willems1, H. Yang1, M.L. Langelaan2, A. Tellegen1, G.C.M. Grinwis1, 
H.J. Kranenburg1, W.J.A. Dhert1, N.E. Papen-Botterhuis2, B.P. Meij1, 
L. Creemers1, M. Tryfonidou1 
1Utrecht/Netherlands, 2Eindhoven/Netherlands

Purpose: Intervertebral disc (IVD) degeneration is associated with 
inflammation, pain, and consequently elevated PGE2 levels. In this 
study, novel hydrogels have been synthesized for local controlled 
delivery of the selective COX-2 inhibitor celecoxib (CXB) into the IVD 
in order to determine their applicability as a safe and effective treat-
ment strategy of lower back pain.

Methods and Materials: Hydrogels were evaluated for in vitro 
release kinetics of CXB, biocompatibility in mice, and safety of in-
tradiscal application of three different loading dosages of CXB in 
laboratory beagle dogs with spontaneous early IVD degeneration. 
PGE2 levels of IVDs from canine patients with clinical disease were 
determined.

Results: In vitro, controlled CXB release was demonstrated for at 
least 28 days, as well as the ability to suppress PGE2 levels. In mice, 
a moderate foreign body reaction was shown after subcutaneous 
injection, whereas safe intradiscal injection in lumbar dog IVDs was 
demonstrated without a foreign body reaction. Safety was further 
confirmed by gene expression profiling of relevant genes. Control-
led release of CXB resulted in a non-significant maximal inhibition 
(~35%) of PGE2 production, in all CXB loading doses, without any 
effects on GAG/DNA levels. In a cohort of 150 samples, PGE2 levels 
of the nucleus pulposus were significantly higher in tissue isolated 
from patients receiving surgical treatment due to IVD clinical di-
sease compared to healthy and degenerated discs without clinical 
disease.

Conclusion: In conclusion, this study showed biocompatibility and 
safe intradiscal application of CXB loaded and unloaded thermo-
reversible hydrogels in a large animal model. Given that the PGE2 

levels in IVDs of veterinary patients are a magnitude higher compa-
red to degenerated IVDs without clinical signs, controlled release of 
CXB may be a promising treatment strategy. An ongoing pre-clinical 
study is evaluating the effect of controlled release of CXB in canine 
patients with low back pain.

10.2.6
Intradiscal injection of BMP-7 does not have regenerative effects 
in a canine spontaneous disc degeneration model
N. Willems, B.P. Meij, G.C.M. Grinwis, S.G.M. Plomp, W.J.A. Dhert, 
L. Creemers, M. Tryfonidou 
Utrecht/Netherlands

Purpose: Bone morphogenetic protein 7 (BMP-7) exerted beneficial 
effects on proliferation and matrix production of intervertebral disc 
(IVD) cells in vitro, and in vivo in rabbits with induced IVD degenera-
tion. This study was designed to establish the most effective BMP-7 
dose in a canine model with spontaneous IVD degeneration.

Methods and Materials: In vitro studies investigated whether re-
combinant human BMP-7 would induce GAG-rich matrix production 
by canine early degenerated nucleus pulposus cells. Thereafter, the 
lumbar IVDs of beagle dogs were injected with 40 µl sucrose buffer 
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only, 2.5 µg, 25 µg, or 250 µg BMP-7 in sucrose buffer. MR images 
were obtained prior to surgery, and 6, 12, and 24 weeks after surge-
ry to evaluate IVD degeneration. Radiographs and CT images were 
obtained post mortem (24 weeks) and IVDs were evaluated by ma-
croscopy, histopathology, biochemical analysis, and gene expres-
sion profiling.

Results: In vitro, BMP-7 was shown to have anti-apoptotic effects 
and induce GAG-rich matrix production. In vivo, there were no signi-
ficant changes in disc height indexes and Pfirrmann scores on MRI 
during follow up. Radiography and CT revealed minimal to extensive 
peridiscal bone formation in 1/7 and in 4/7 IVDs treated with 25 µg 
and 250 µg BMP-7, respectively (Figure 1: A-macroscopy; B-radio-
graphy; C-CT).

 

Macroscopic and histological evaluation confirmed early IVD dege-
neration and new bone formation. Statistical analysis revealed no 
significant differences in GAG/DNA, nor in collagen/DNA between 
treatments. Bcl2 gene expression levels indicated an anti-apoptotic 
effect of the highest dosage of BMP-7, in line with in vitro findings 
in human IVD cells. 

Conclusion: Intradiscal bolus injection of BMP-7 did not show rege-
nerative effects in IVDs of experimental dogs with spontaneous IVD 
degeneration. In fact, intradiscal injection of 250 µg BMP-7 resulted 
in extensive peridiscal bone formation raising questions whether 
the current strategy is safe for further translation into the clinic.

10.2.7
BMPs Enhance in Vitro tissue Regeneration by Human 
Degenerated Nucleus Pulposus Cells
A. Krouwels, J.D. Iljas, A.H.M. Kragten, S.G.M. Plomp, W.J.A. Dhert, 
F.C. Öner, L. Creemers 
Utrecht/Netherlands

Purpose: Bone morphogenetic proteins (BMPs) are known to enhance 
tissue production by various cell types. In bone regeneration, hetero-
dimeric forms of BMPs were shown to be more effective than homodi-
mers. In this study we investigate which BMP is most suitable for rege-
neration by human degenerated nucleus pulposus cells, and whether 
also for these cells heterodimers are more effective than homodimers. 

Methods and Materials: Nucleus pulposus (NP) cells from 4 human 
Thompson grade III donors were cultured for 28 days on collagen II 
coated filters. Several rhBMPs (BMP2, BMP4, BMP6, BMP7, combi-
nations of BMP2+6, BMP2+7, BMP4+7 and heterodimers BMP2/6H, 
BMP2/7H and BMP4/7H) were added to the culture. TGF-β2 was 
included as a positive control. Matrix production as reflected by 
the amount of glycosaminoglycans (GAGs) was measured with a 
dimethylmethylene blue assay on papain digests and conditioned 
medium. DNA content was measured with a Picogreen assay. Stati-
stical analyses included multivariate ANOVA and post-hoc Tukey (* 
p≤0.001, + p ≤0.005, # p≤0.01, ^ p≤0.025, $ p≤0.05).

Results: Cells cultured with BMP4+7 and BMP4/7H produced the 
highest amounts GAG/DNA (Figure 1A). The highest total GAG produc-
tion was observed for BMP4, BMP4+7 and BMP2/7H (Figure 1B). The 
heterodimer BMP2/7 produced significantly more total GAG than the 
homodimers combined and BMP2 alone, but was not different from 
BMP7 alone. No such differences were observed for the BMP2/6H or 
BMP4/7H. Incorporation of the formed GAGs is most efficient for cells 
cultured with BMP4/7H, which was significantly higher than cells cul-
tured with, BMP2, BMP7, BMP2+6, BMP2+7 and TGF-β2.

 

Conclusion: In conclusion, BMP4 seems to be the most potent factor 
for improving matrix production by NP cells in vitro. The heterodi-
mers do not seem to be more effective for tissue production than 
the homodimers combined or alone and their potency seems deter-
mined by the activity of the most effective homodimer. 

10.2.8
Autologous Osteochondral Transplantation for OCL of the Talus: 
Does Previous Bone Marrow Stimulation Affect Clinical Outcome?
A.W. Ross, E.J. Fraser, K.A. Ross, J. Kennedy 
New York/United States of America

Purpose: This study sought to determine if patient reported func-
tional outcomes and MRI outcomes, including T2 mapping and MO-
CART analysis, was significantly different between patients receiving 
index Autologous osteochondral transplantation (AOT) and patients 
receiving secondary AOT surgery following failed microfracture.

Methods and Materials: A group of 77 patients was retrospectively 
analyzed. Twenty-three patients received index AOT and 54 recei-
ved AOT following failed microfracture. Patient functional outcome 
was evaluated using the Foot and Ankle Score (FAOS). Superficial 
and deep tissue at the repaired defect site and adjacent healthy tis-
sue were analyzed using quantitative T2 mapping. Magnetic Reso-
nance Observation of Cartilage Repair Tissue (MOCART) allowed for 
additional articular site evaluation.

Results: There was no difference in age, gender, lesion size, history 
of pre-operative cyst, or follow-up time between groups (p>0.05). 
The average follow-up time was 51.04 months with a mean patient 
age of 35.83 years. Post-operative FAOS scores were significant-
ly higher in the index AOT group (p<0.05) with a change of FAOS 
score on average 9 points lower for the prior microfracture group. 
(p<0.05). There was no significant difference in MOCART score, su-
perficial T2, deep T2, or T2 relaxation differences (P>0.05). Larger 
lesions (>150 mm2) resulted in significantly lower MOCART scores 
and superficial T2 values (p<0.05).

Conclusion: This study indicates that index AOT provides better 
functional outcomes compared to salvage AOT following failed 
microfracture surgery. However, analysis of defect site tissue using 
MOCART and quantitative T2 mapping failed to provide similar re-
sults. Although functional outcomes were significantly higher in the 
AOT group, the T2 and MOCART findings suggest there may not be 
a significant difference in tissue repair. It is unknown how this will 
impact long-term outcomes. 
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10.2.9
Clinical and Radiographic Outcomes of Distal Tibia Allograft 
Glenoid Reconstruction for Recurrent Anterior Shoulder 
Instability
M. Provencher1, R.M. Frank2, P. Golijanin1, S. Aiyash2, D. Gross1,
B. Cole2, N.N. Verma2, A.A. Romeo2 
1Boston/United States of America, 2Chicago/United States of America

Purpose: The purpose of this study was to assess the clinical and 
radiographic outcomes of patients with recurrent anterior shoulder 
instability treated with fresh distal tibia allograft (DTA) glenoid re-
construction.

Methods and Materials: Consecutive patients with recurrent anteri-
or instability with a minimum 15% glenoid bone loss who underwent 
glenoid bone reconstruction with fresh DTA were reviewed. Patients 
were evaluated with ASES, SANE and WOSI scores at a minimum 
of two years and computed tomography (CT) at a minimum of six 
months postoperatively. All CT scans were graded for 1) overall al-
lograft healing to the native glenoid, 2) angle of allograft relative to 
the native glenoid (allograft angle), and 3) amount of allograft lysis. 
Statistical analysis was performed with paired T-tests, with P<0.05 
considered significant. 

Results: Twenty-seven patients(average age31 ± 5 years) were inclu-
ded with an average follow-up of 45 months (range, 30-66). There 
were statistically significant improvements in pre-operative to post-
operative ASES (63 to 91, P<0.01), SANE (50 to 90.5, P<0.01), and 
WOSI (46% to 11%, P<0.01) outcomes assessments. Analysis of post-
operative CTs (available for 19 patients) demonstrated an 85% (ran-
ge, 60-100%) allograft healing rate to the native glenoid, an average 
allograft angle of 14.9 degrees (range, 6.6-29.3 degrees), and an ave-
rage allograft lysis of 3% (range, 0-25%). Grafts with lesser allograft 
angles (<15 degrees) were better opposed to the anterior glenoid, 
demonstrating superior healing and graft incorporation (Figure 1). 
One patient (5%) sustained a superficial Propionibacterium Acnes 
infection and underwent allograft removal followed by revision DTA 
reconstruction. There were no cases (0%) of recurrent instability. 

Conclusion: At an average follow-up of nearly 4 years, fresh DTA re-
construction for recurrent anterior shoulder instability results in a 
clinically stable joint with excellent clinical outcomes and minimal 
graft reabsorption. Optimal allograft placement resulted in superior 
bony incorporation with the native glenoid.

 

10.2.10
The Superficial Quad Technique for Single Stage Management of 
Patellar Osteochondral Fracture and Patella Instability
D. Goyal, V. Chauhan 
Ahmedabad/India

Purpose: Patella dislocation associated with osteochondral fracture 
(OC) is not so uncommon at adolescence. The problem is dual with 
management of instability and OC fracture. The superficial quad 
technique (SQT) is an established method of MPFL reconstruction1 
that uses superficial slip of quadriceps as a graft. The technique is 
a better anatomical and biomechanical match to native MPFL and 
doesn’t require any patellar bony procedure/ hardware. The ad-
vantages of SQT were combined with suture based fixation of OC 
fragment in a single stage combined technique. The purpose of this 
study was to retrospectively evaluate the results of SQT for single 
stage management of patellar OC fractures and instability with mi-
nimum one year follow up. 

Methods and Materials: The superficial slip of the quadriceps is 
harvested as per original SQTechnique1 followed by mini para-
medial arthrotomy. The OC fragment is reduced and is temporarily 

held using towel clips. A suture is used to fix the OC piece with the 
underlying patella.

 

Arthrotomy is closed and then a sub-vastus space is created to 
reach the medial epicondyle. The harvested SQT graft is turned at 
45° and everted to pass thru sub-vastus space and taken out near 
medial epicondyle. An intra-osseous femoral fixation is done using 
bio-absorbable screws at an isometric point.1
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A total of 5 patients were retrospectively evaluated with minimum 
follow-up of one year with a detailed clinical, radiological and clini-
cal outcome scores analysis.

Results: At minimum one year followup, OC fragments were well 
healed and none had persistent instability. There was full ROM and 
no complications. Clinical outcome scores showed remarkable reco-
very but statistical analysis was not done due to small sample size.

Conclusion: The SQT combined with suture-based OC fixation is an 
effective single stage method for management of combined patellar 
OC fracture and instability. Ref1: Goyal. MPFL reconstruction: the su-
perficial quad technique. AJSM (41) 2013.

10.3.1
Introduction & Overview
D. Haudenschild 
Sacramento/United States of America

Purpose: The gold standard for clinical OA diagnosis and evaluati-
on are morphologic assessments, such as radiography, computed 
tomography (CT), and magnetic resonance imaging (MRI). These 
imaging technologies primarily reveal the morphological changes 
that become evident at the later stages of OA, but do not offer in-
sight into the process of cartilage degradation. The ability to non-
destructively image and quantify enzymatic activity would be an 
important tool to assess OA initiation, progression, and the efficacy 
of intervention strategies. Matrix metalloproteinases (MMPs) are 
degradative proteinases with principal roles in the enzymatic car-
tilage degradation and OA progression. Most studies experimental-
ly investigating MMPs in OA rely on assays such as zymography, 
ELISA or Western Blotting, and RT-PCR, to estimate protein levels 
and mRNA expression, respectively. However, these assays do not 
directly measure MMP activity, are difficult to perform, or cannot be 
performed in-vivo.

An in-vivo fluorimetric probe was recently developed that allows 
non-destructive imaging of activity from a broad spectrum of MMPs 
(MMPSenseTM 750 FAST) (PerkinElmer). This near-infrared flu-
orescent probe is a peptide substrate that enables the detection 
of MMPs activities by exhibiting fluorescent signal when cleaved 
by MMPs. In-vivo imaging with this reagent has the potential to 
continuously trace real time MMP activities non-invasively, but to 
our knowledge there are no previous reports investigating MMP-
Sense750 for the assessment of MMP activity in cartilage injury or 
during OA progression. The objective of the present study is to in-

vestigate the potential of MMPSense750 for OA research, using car-
tilage explant cultures subjected to cytokine treatment and mecha-
nical injury, as well as an in-vivo mouse model of acute knee injury.

Methods and Materials: Assessment for optimal concentration of 
MMPSense750

We first wanted to determine the appropriate MMPSense750 con-
centration for in-vitro studies using purified recombinant MMPs. 
MMP-3, -9, and -13 were chosen based on their established im-
portance in OA.

MMPSense750 was reconstituted sterile phosphate-buffered saline 
then added into the MMP solutions at 0.2, 0.7 and 2.0µM final con-
centration. Imaging was performed on an IVIS-Spectrum imaging at 
multiple time points until 72 hours after adding MMPSense750.

Cartilage Explants

Cartilage explants were harvested from the weight bearing area of 
femoral articular surfaces of bovine stifle knee joints purchased 
from a local slaughterhouse. A 6mm dermal biopsy punch was used 
to isolate cartilage cylinders, which were then cut to 2mm height 
from the articular surface using a custom jig. Explants were cultured 
for 3 days in DMEM with 10% FBS and 1% penicillin-streptomycin 
at 37°C and 5% CTM. Six joints were used, and 1 or 2 explants from 
each joint was randomly assigned to one of three treatment groups; 
IL-1b, mechanical injury, or control. The IL-1b group was treated with 
10ng/ml IL-1b. The explants in the mechanical injury group were me-
chanically compressed with preload of ~0.5N, loading to 30% strain 
at a strain rate of 100%/s, holding at 30% strain for 100ms, and then 
unloaded. In the control group, the explants were given a preload 
of ~0.5N and then returned to the culture media. The culture media 
were replenished at day 3. The media were collected at 3 and 6 days 
after IL-1b stimulation or the mechanical injuries. MMPSense750 
was added to a final concentration of 0.7µM, and the fluorescence 
measured as described above.

Animal model of Joint Injury

Eight adult male BALB/cByJ mice (9-week-old at time of injury) 
were maintained and used in accordance with National Institutes 
of Health guidelines on the care and use of laboratory animals. This 
study was approved by our Institutional Animal Care and Use Com-
mittee (IACUC). The right knees of the mice were injured with a sin-
gle mechanical compression as previously described in our PTOA 
model. Mice were anesthetized, then the right leg of each mouse 
was subjected to a single dynamic axial compression (1mm/s loa-
ding rate) to a target load of 12N. This causes a transient anterior 
subluxation of the tibia, which injures the anterior cruciate liga-
ment and leads to PTOA within 8 weeks. The contralateral uninjured 
knees served controls, and were used to normalize the data within 
each animal.

All mice received an intravenous injection of 2nmol of MMP-
Sense750 at 24-hours post-injury, and IVIS imaging was performed 
24 hours after the injection. Mice were euthanized immediately af-
ter the imaging and both knees were dissected for isolation of total 
RNA and analysis of mRNA expression.

Quantitative real-time RT-PCR

Total RNA was extracted from injured and uninjured knees and re-
verse transcribed. cDNA was used for quantitative RT-PCR.

IVIS imaging

An IVIS Spectrum imaging system was utilized to monitor fluore-
scent signal of MMPSense750.

Statistical analysis

The results were statistically analyzed using a software package 
(GraphPad Prism). Values of all measurements were expressed as 
the mean with error bars representing the 95% confidence interval. 
Correlation between MMP concentration and MMPSense signal was 
evaluated with Pearson correlation coefficient. Differences of MM-
PSense signal with MMP enzymes and in-vivo study were analyzed 
by paired t tests. Comparison of MMPSense signal between diffe-
rent concentrations of MMPs and of MMPSense signal with cartila-
ge explants were analyzed by unpaired t test. Comparison of mRNA 
expression was analyzed by Wilcoxon signed rank test.
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Results: Determination of the optimal MMPSense750 concentration 
for in-vitro experiment

To examine how well the normalized fluorescent signal correlated 
to the MMP activity at each time point, Pearson’s correlation coeffi-
cients (R) were calculated for each combination of MMPSense and 
time, with an R2 value above 0.8 considered a strong correlation 
and highlighted with shading. For all MMPs, the best correlation 
between MMP activity and fluorescent signal occurred at the high-
er concentrations of MMPSense probe, 2.0 or 0.7µM. Perhaps more 
surprisingly the best time to measure fluorescence intensity was 
highly dependent on the types of MMP enzyme. For MMP-13, high 
correlations were observed as early as 15 minutes, while MMP-3 
started to become significant after 60 minutes, and MMP-9 not until 
after 24 hours. At the later time points the MMP activity and fluore-
scent signal were highly correlated for all three MMP enzymes.

To estimate the detection limit of the assay at each concentration of 
MMPSense750 over time, we statistically analyzed the differences 
between fluorescent intensity for each concentration increase of 
MMP. The intermediate concentrations of MMP generated signifi-
cantly different fluorescence signal in all conditions, but there were 
variations in the lower and upper detection limits. With respect to 
the upper detection limit, we examined the fluorescent signal over 
time for each enzyme and the higher MMPSense probe concentra-
tions. While higher concentrations of MMPSense yielded greater 
absolute fluorescence signals, the statistical analysis showed no 
benefit of the 2µM compared to 0.7µM MMPSense probe.

Taken together, these results indicate that 0.7µM of MMPSense750 
at a 24 hour time point would yield the best assay to measure the 
activities of the three MMPs over the greatest range of concentra-
tions. Time points shorter than one hour would selectively measure 
MMP-13 activity.

MMP Activity in Cartilage Explants

The fluorescence signal in culture media of the IL-1b group at day 3 
was significantly greater than that of the control group both at 60 
minutes and 24 hours after adding MMPSense750. At day 6, fluore-
scence intensity in the IL-1b-treated group was significantly greater 
than in the control group at 24 hours (but not 60 minutes) after ad-
ding MMPSense750.

The fluorescence of the mechanical injury group at day 3 was signi-
ficantly greater than that of the control group at both 60 minutes 
and 24 hours after adding MMPSense750. At day 6, the trends are 
similar to the IL-1b treatment, with greater fluorescence at the 24 
hour, although this did not reach statistical significance.

MMP activity in-vivo after knee injury

The non-surgical joint injury caused a substantial increase in the 
fluorescence intensity in the injured right knee relative to the unin-
jured left knee of the same animal, indicating that injury increased 
the local MMP activity. 

The results of real-time RTPCR for MMP-3, -9, and -13 showed ele-
vated mRNA expression of MMP-3 in the injured knee at this time 
point, while the expression of MMP-9 and -13 were not statistically 
different in the injured and contralateral limb at this time point.

In summary, using the MMPSense imaging reagent we have esta-
blished assay parameters to quantify the activity of multiple recom-
binant MMPs. Using these assay parameters we used non-invasive 
imaging to demonstrate increased MMP activity secreted by carti-
lage explants subjected to an inflammatory cytokine or mechanical 
injury, and increased MMP activity in mouse knees 48 hours after 
injury.

Conclusion: The present study demonstrates that the MMP-
Sense750 reagent is useful for in-vitro studies of cartilage explants, 
provide insight into the parameters to consider when interpreting 
the data, and show a good response of the assay in a mouse model 
of joint injury.

With all MMPs tested, the fluorescent signal increased as the MMP 
activity increased. Interestingly, the reaction kinetics of the en-
zymes were different for the three MMPs tested. Namely, recom-
binant MMP-13 caused a rapid increase in fluorescence within 15 
minutes even at low enzyme concentrations, and longer incubations 
past 24 hours decreased the assay linearity. In contrast, MMP-9 re-
quired at least 24 hours to show a dose-dependent increase in sub-
strate activation, and longer incubations out to 3 days improved the 

assay linearity. MMP-3 was intermediate, showing linear response 
after 1 hour out to 2 days, but decreasing at 3 days. MMPSense 
produces fluorescent signal upon MMP-mediated hydrolysis, and 
the discrepancy of the detection time between MMPs may suggest 
the kinetics of cleavage would differ between MMPs. This findings 
indicate that it is important to recognize that a fluorescent signal 
indicates activities from multiple MMPs with differing sensitivities 
and reaction kinetics.

In cartilage explants, we detected increased MMP activity when the 
explants were treated with the catabolic cytokine IL-1b or subjected 
to mechanical injury. The current result provides a novel non-de-
structive method to quantify the MMP activity. At day 6, significantly 
higher fluorescence was detected in the IL-1b group when compared 
with the control group, while there was no significant difference bet-
ween the mechanical injury group and the control group at both 60 
minutes and 24 hours after adding MMPSense. A possible reason 
for this difference could be the continuous presence of IL-1b during 
the 6 days, compared to a single mechanical injury at day 0.

In the in-vivo mouse model, injured knees showed significantly 
higher signals of MMPSense750 than the contralateral uninjured 
knees, indicating that injury elevated the MMP activities after 48 
hours. This provides a novel real-time non-destructive imaging me-
thod to quantify knee injury response and the progression of car-
tilage degradation based on MMP activity. Interestingly, when we 
examined MMP mRNA expression at 48 hours after injury, we found 
that only MMP-3 was still elevated. In a separate study, we found 
that mRNA up-regulation of MMP expression after injury peaked at 
4 hours after injury and returned to baseline after 24 hours using 
the same injury model. MMPs are secreted as inactive pro-enzymes 
that are later activated in the extracellular matrix, which may ex-
plain the apparent discrepancy between the mRNA expression and 
the protease activity.

In conclusion, we established experimental parameters to use the 
MMPSense750 imaging reagent to quantify MMP activity in-vitro in 
cartilage explants, and in-vivo in a mouse joint injury model. The 
advantages of MMPSense750 over other techniques to evaluate 
MMP activity include its non-destructive nature, enabling repea-
ted measurements on the same samples. This provides an imaging 
opportunity to monitor the destructive enzymatic processes that 
contribute to OA progression, and complements traditional imaging 
technologies such as MRI and CT that quantify the resulting struc-
tural changes.

10.3.2
IL4-10 Synerkine to Induce Direct & Indirect Structural Cartilage 
Repair in OA
M.F. Pustjens, C. Steen-Louws, C.E. Hack, J.A.G. Van Roon,
S.C. Mastbergen, F.P.J.G. Lafeber 
Utrecht/Netherlands

Purpose: Cartilage damage and inflammation are clear characteri-
stics of joint degeneration in OA. In human and animal in vivo and 
in vitro experimental models, the immunoregulatory cytokines IL-4 
and IL-10, both individually or combined, have been shown to affect 
joint degeneration. The additive effects of the cytokines are of im-
portance to achieve this effect. The newly developed IL4-10 synerki-
ne is a fusion protein of IL-4 and IL-10 with preserved activities of the 
individual cytokines. Herewith, we studied the cartilage protective 
and anti-inflammatory effects of IL4-10 synerkine ex-vivo.

Methods and Materials: OA cartilage (n=8 donors) was cultured for 
4 days in presence or absence of IL-4, IL-10, a combination of IL-4 
and IL-10, or IL4-10 synerkine. Changes in proteoglycan (PG) synthe-
sis and PG release were studied. OA synovial tissue (n=6 donors) 
was cultured for 3 days under similar conditions. IL-6, IL-8 and TNFα 
levels were measured in culture medium supernatants of both carti-
lage and synovium cultures.

Results: IL4-10 synerkine led to a 32.1% increased PG synthesis 
(+23.6% for IL-4 alone, +20.3% for IL-10 alone, or +2.0% for IL-4 and 
IL-10 combined), whereas PG release was only slightly reduced by 
IL4-10 synerkine (-1.3%). In cocurrence, a robust inhibition was seen 
of Il-6 and IL-8 secretion by both OA cartilage (-82%, -66% resp.) 
and OA synovium (-83%, -85% resp.), but almost no inhibition of 
TNFα secretion.
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Conclusion: IL4-10 synerkine might induce structural cartilage re-
pair in OA by directly affecting proteoglycan turnover and cytokine 
production combined with reducing secretion of inflammatory cy-
tokines by synovial tissue. Together with the pain inhibiting effects 
found in animal models of OA, these data suggest disease modifying 
characteristics of the IL4-10 synerkine.

10.3.3
Long noncoding RNA related to Cartilage Injury promotes 
Chondrocyte Extracellular Matrix Degradation in Osteoarthritis
Q. Liu, X. Zhang, Y. Ao 
Beijing/China

Purpose: Long noncoding RNAs (lncRNAs) play crucial regulatory 
roles in diverse biologic processes, but knowledge of lncRNAs in 
osteoarthritis (OA) is limited. The aim of this study was to identify 
lncRNA expression in articular cartilage and to explore the function 
of cartilage injury–related lncRNAs (lncRNA-CIR) in OA.

Methods and Materials: To identify lncRNAs specifically expressed 
in OA cartilage, we compared the expression of lncRNAs in OA carti-
lage with that in normal cartilage using microarray and quantitative 
polymerase chain reaction (qPCR) analyses. In OA cartilage, lncRNA-
CIR was specifically, differentially, and highly expressed. The func-
tion of lncRNA-CIR was determined by silencing and overexpression 
in vitro. Extracellular matrix (ECM)–related molecules were detected 
by qPCR, Western blot, and immunofluorescence analyses.

Results: Up to 152 lncRNAs were found to be differentially ex-
pressed (>8-fold) in OA and normal cartilage (82 lncRNAs more 
highly expressed and 70 less highly expressed in OA cartilage than 
in normal cartilage). A specific differentially expressed lncRNA-CIR 
was selected according to the results of the higher expression in OA 
cartilage and OA chondrocytes. The expression of lncRNA-CIR incre-
ased in chondrocytes with in vitro treatment with interleukin-1 and 
tumor necrosis factor α . Silencing of lncRNA-CIR by small interfering 
RNA promoted the formation of collagen and aggrecan and reduced 
the expression of matrixdegrading enzymes, such as MMP13 and 
ADAMTS5. The expression of collagen and aggrecan was reduced, 
whereas the expression of matrix-degrading enzymes was increa-
sed, after overexpression of lncRNA-CIR.

Conclusion: The results indicate that lncRNA-CIR contributes to 
ECM degradation and plays a key role in the pathogenesis of OA. 
We propose that lncRNA-CIR could be used as a potential target in 
OA therapy.

10.3.4
Differential Protein Profiling of Synovial Fluid from 
Carpometacarpal & Knee Osteoarthritic Joints
G. Barreto1, M. Lalowski1, R. Soliymani1, E. Waris2, Y. Konttinen1 
1Helsinki/Finland, 2Hus/Finland

Purpose: Osteoarthritis (OA) is progressive disease with no cure 
so far which urgently needs sustained efforts to identify specific 
markers that might help in early diagnosis, monitoring disease pro-
gression and in improving therapeutic outcomes. Given the different 
incidences of symptomatic hand and knee OA we decided to study 
their synovial fluid (SF) proteomes. High-throughput comparative 
proteomics approaches offer a powerful insight into the common 
and different molecules/mechanisms present in these two different 
OA joints.

Methods and Materials: SF was obtained from carpometacarpal 
(CMC) OA (n=10) and knee OA (n=10) patients. SF samples were al-
bumin depleted and analyzed in liquid chromatography mass spec-
trometry (LC/MS). Proteomic data were analyzed using bioinforma-
tics and network biology tools. Selected up-regulated proteins were 
selected for validation using ELISA assays.

Results: In our comparison studies, surprisingly, we discovered that 
about 120 commonly present proteins are differentially regulated in 
knee and CMC OA joints. In addition we identified 41 proteins which 
have not been reported in OA synovial joints. Bioinformatics analy-
sis revealed that differentially up-regulated proteins (with over 1.3 

fold change between the two joints) involved in various significantly 
enriched processes and pathways (Figure 1 and 2).

 

Figure 1. Gene ontology analysis of differentially expressed proteins 
in synovial fluid from CMC and knee OA joints. (PANTHER analysis 
Pathway).

 

Figure 2. Differentially up-regulated molecules relationships with 
selected diseases and biological functions. Based on Ingenuity Pa-
thway Analysis (IPA).

Conclusion: We report here the first in-depth comparative analysis 
of SF proteome across two different size OA joints. The observed 
differential expression of several proteins suggests that cellular pa-
thways leading to OA may differ depending on affected joint type. 
The reported molecules are putative novel biomarkers and/or the-
rapeutic targets of CMC and knee OA.

10.3.5
Autofluorescent Protein in Early Osteoarthritis as Potential 
Biomarker
K.D. Novakofski, R.L. Donnelly, C.M. Quinlan, R. Williams, L. Fortier 
Ithaca/United States of America

Purpose: Osteoarthritis (OA) affects the world population and new 
biomarkers are sought for diagnostic purposes and understanding 
its pathogenesis. During previous preliminary work imaging cartila-
ge with multiphoton microscopy, autofluorescent crescent-shaped 
structures were noted in cartilage samples containing mild roughe-
ning of the articular surface. The goal of this proteomic study was to 
identify the nature of the autofluorescent crescents.

Methods and Materials: Cartilage explants from bovine distal 
metacarpus with ICRS grade 1b-2 (n=6) and 0 (n=4) were imaged 
using multiphoton microscopy to confirm the presence or absence, 
respectively, of autofluorescent crescents. One 1b and one 0 sam-
ple were fixed in 5% glyceraldehyde and sectioned and stained for 
TEM. The remaining samples were flash frozen in OCT and stored at 
-80°C. Samples embedded in OCT were cryosectioned for laser cap-
ture microdissection using an Arcturus XT. Microdissected samples 
were lysed for LC-MS/MS proteomic analysis with an Orbitrap Elite. 
NCBI was used for database search.
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Results: Samples classified as ICRS 1b-2 were found to have autoflu-
orescent crescents that emitted signal in 420-490 nm when excited 
with either 780 or 880 nm wavelengths (Figure 1). When visualized 
with TEM, crescent samples had large intracellular regions with 
sparsely spaced material inconsistent with control samples (Figure 
1). Crescent samples were found to have increased alpha-enolase, 
voltage-dependent anion-selective channel protein 1, and stress-70 
protein, mitochondrial precursor. The protein 14-3-3 protein zeta/
delta was found only in crescent samples (Figure 2).

 

Conclusion: The prescence of autofluorescence was increased in 
cartilage samples with mild roughening of the surface or early onset 
OA. Using TEM, the autofluorescence appears to be intracellular, 
near the cytoplasmic membrane. Proteomic analysis was consistent 
with previous studies showing alpha-enolase and 14-3-3 protein as-
sociated with OA. Further colocalization studies will help elucidate 
the identification of the autofluorescent protein associated with 
these early OA samples, which may function as a future biomarker.

10.3.6
Development & Validation of a Novel in Vivo Model of Post-
traumatic Osteoarthritis
S.L. Sherman1, F.A. Monibi1, C. Cook1, K. Kuroki1, F. Pfeiffer2,
A. Stoker1, C.C. Bozynski1, J.L. Cook1 
1Columbia/United States of America, 2Boonville/United States of 
America

Purpose: Translational animal models of post-traumatic OA that ac-
curately represent clinical pathology, symptomatology, and employ 
clinically relevant outcome measures need to be developed and 
validated. Our purpose was to assess a novel canine model for cre-
ation of articular cartilage and subchondral bone pathology of the 
medial femoral condyle using arthroscopically-delivered impacts.

Methods and Materials: With ACUC approval, 6 adult research dogs 
underwent bilateral surgical impaction injuries to the medial femo-
ral condyle using a custom-designed arthroscopic spring-driven im-
pactor. Assessments of limb function, comfortable range of motion 
(CROM), and effusion occurred at 2 and 12 weeks. MRI was perfor-
med at 2 and 12 weeks. Arthoscopic evaluation was performed at 12 
weeks. Blinded MRI and histopathology evaluation was performed 
using the OARSI system. 

Results: At 2 and 12 weeks after surgery, all dogs had developed 
gait alterations (knee dysfunction) with moderate to severe loss in 
CROM and increased effusion in impacted knees, with severity cor-
responding to level of impact. MRI showed consistent cartilage and 
subchondral bone pathology at 2 and 12 weeks after impact with 
more severe BMLs noted in association with 40 N and 60 N impacts 
(Fig. 1). Arthroscopic evaluation also revealed more severe synovitis 
and cartilage destruction in knees impacted using the two higher 
levels (Fig. 2). Whole-joint histologic assessments determined that 
cartilage pathology was localized to the site of impact and BMLs 
consisted of necrotic bone fragments near sclerotic bone and focal 
areas of fibrosis. OARSI histologic scores for synovitis, articular car-
tilage pathology, and total pathology were higher in the 40 N and 60 
N knees compared to the 20 N knees.

 

Conclusion: This translational animal model allows for the creati-
on of symptomatic articular cartilage and subchondral bone lesions 
that closely mimic those in patients with post-traumatic OA. This 
data may be used for future studies investigating disease mecha-
nisms and treatment strategies for OA.

10.3.7
Osteophyte Formation is Enhanced in Hyperglycemic Mice; 
Implications for Osteoarthritis care in the Diabetic Patient 
Population
M. Mcnulty, A. Bucknell, L. Silvestri, K.B. King 
Aurora/United States of America

Purpose: Worldwide the incidence rates of both diabetes and oste-
oarthritis (OA) are rising. Moreover, patients with diabetes receive 
total knee and hip arthroplasty at higher rates than those without, 
illustrating important consequences for future patient care. Specifi-
cally, the metabolic differences for cartilage repair in patients with 
diabetes should be considered. In order to study these differences 
we have developed a translational experiment that combines a 
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mouse model for type 2 diabetes mellitus (T2DM) with a model for 
post-traumatic OA.

Methods and Materials: All animal work was approved by the local 
IACUC. The KK.Cg.Ay/J strain, obtained from The Jackson Laborato-
ry, produces hyperglycemic (KKAY) and normoglycemic (KKaa) sib-
lings. KKAY (N=7) and KKaa (N=4) male mice received DMM surgery 
to destabilize one knee. Sham surgeries were performed on sepa-
rate mice. Mice were euthanized and knee joints were examined 
histologically at 8 weeks post-DMM.

Results: A striking difference between the two groups was the fre-
quent presence of osteophytes in the medial tibia compartment of 
the hyperglycemic mice (Table 1). There was only one osteophyte 
observed in any compartment of the normoglycemic controls. Car-
tilage degeneration, as assessed by OARSI score, was observed in 
both groups. None of the sham controls developed osteophytes or 
other cartilage changes. 

Table 1: Number of osteophytes associated with knee 
compartment

Group Medial 
Tibia

Medial 
Femur

Lateral 
Tibia

Lateral 
Femur

Hyperglycemic 
KKAY (N=7) 6 1 0 0

Normoglycemic 
KKaa (N=4) 1 0 0 0

Conclusion: The response of cartilage to injury appears to be dif-
ferent in the presence of hyperglycemia. In humans, it appears 
that diabetes leads to accelerated OA progression. In the present 
study, hyperglycemia led to increased osteophyte formation which 
suggests a phenotypic change by chondrocytes, i.e., hypertrophy 
and bone formation. That cartilage regions adjacent to areas of OA 
degeneration have phenotypic changes may indicate the need for 
adjusted repair strategies in patients with diabetes.

10.3.8
The beneficial role of PAI-1 in Bone-Cartilage Interaction
M.F. Pustjens1, S.C. Mastbergen1, W.H. Noort Van Der Laan2,
R.J. Van Heerwaarden2, F.P.J.G. Lafeber1 
1Utrecht/Netherlands, 2Woerden/Netherlands

Purpose: In osteoarthritis (OA) subchondral bone changes are seen 
in addition to cartilage changes. In treatments targeted at bone (e.g. 
strontium ranelate, Reginster et al, 2013) or with bone involvement 
(e.g. osteotomy Jung et al, 2014, or joint distraction Intema et al, 
2012) cartilage repair has been demonstrated. These studies sup-
port the hypothesis that a reset of bone can lead to cartilage repair, 
however the exact biochemical interactions and how they contribute 
to repair and degradation is less well known. The present study eva-
luates the role of plasminogen activator inhibitor 1 (PAI-1) in bone-
cartilage interaction and its direct effects on osteoarthritic cartilage.

Methods and Materials: Osteoblast culture supernatant from heal-
thy (n=14) and OA (n=16) donors was tested on both healthy and OA 
cartilage and proteoglycan (PG) synthesis was studied. Expression 
levels of mediators were assessed in the osteoblast culture super-
natants by Luminex analysis. Subsequently, OA cartilage (n=10 do-
nors) was cultured in absence/presence of PAI-1 and PG synthesis 
changes were studied.

Results: PG synthesis of OA cartilage was increased (+34%) upon 
addition of healthy osteoblast supernatant. Importantly, a decrease 
was seen when OA osteoblast supernatant was added to healthy 
cartilage (-31% PG synthesis). PAI-1 was expressed at significant 
higher levels in healthy osteoblasts compared to OA osteoblasts 
(184ng/ml vs 91ng/ml, resp.). Osteoblast PAI-1 levels were posi-
tively correlated with PG synthesis (r=0.595). Culturing OA cartilage 
in addition of PAI-1 (2000ng/ml) revealed 15% increase of PG syn-
thesis.

Conclusion: Healthy osteoblasts lead to PG synthesis increase in OA 
cartilage. Higher PAI-1 levels in these osteoblasts are clearly correla-
ted with higher PG synthesis in cartilage, which hints at a role for PAI-

1 in cartilage repair. The relevance of PAI-1 was further confirmed by 
its direct effects on OA cartilage. This supports that targeting bone 
directly or involvement of bone as treatment in OA is feasible.

10.3.9
Overexpression of Hsa-miR-7 enhances Cartilage Regeneration 
by Osteoarthritic Chondrocytes and Prevents Hypertrophy
L.A. Vonk1, M.W. Bleijs1, A.H.M. Kragten1, W.J.A. Dhert1, D.B. Saris2, 
L. Creemers1 
1Utrecht/Netherlands, 2Enschede/Netherlands

Purpose: MicroRNAs (miRNAs) regulate gene expression through 
base-specific interactions. We recently identified 66 miRNA that 
were differentially expressed between normal and osteoarthritic 
(OA) chondrocytes. One of these, hsa-miR-7 was 4.5 times lower 
expressed in OA cartilage. miR-7 targets epidermal growth factor 
receptor (EGFR) and several kinases in the Ras-Raf-MEK-ERK pa-
thway. Activation of the EGFR pathway leads to decreased matrix 
production, increased matrix degradation and chondrocyte hyper-
trophy. Therefore, the aim of this study was to investigate the ef-
fects of overexpression of hsa-miR-7 on cartilage metabolism by OA 
chondrocytes. Additionally, the effect on hypertrophic differentiati-
on was assessed in ATDC5 chondrocytes.

Methods and Materials: Passage 2 OA chondrocytes were trans-
fected with a miRNA mimic for hsa-miR-7 or a negative control. After 
48 hours, real-time PCR was performed to examine expression le-
vels of aggrecan (ACAN), type I and II collagen (COL1A1 and COL2A1), 
matrix metallopeptidase 13 (MMP13), SRY (seks determining regi-
on Y)-box 9 (SOX9), EGFR and hsa-miR-7. After 4 weeks of culture, 
glycsaminoglycan (GAG) content, release and total production were 
determined and paraffin sections of the cultures were stained for 
proteoglycans (safranin-O) and type II collagen (immunostaining). 
Gelatinase activity was measured in the conditioned medium. Real-
time PCR was used to measure expression levels of type X collagen 
(Col10a1), runt-related transcription factor 2 (Runx2) and Mmp13 in 
miR-7 overexpressed ATDC5 chondrocytes.

Results: Overexpression of hsa-miR-7 increased SOX9 and decrea-
sed EGFR expression levels in OA chondrocytes. The matrix produ-
ced by the miR-7 overexpressing OA chondrocytes contained more 
proteoglycans and type II collagen (Figure 1), while the gelatinase 
activity was decreased. Lower expression levels of the hypertro-
phic markers Col10a1, Runx2 and Mmp13 were found in ATDC5 cells 
transfected with the miR-7 mimic (Figure 2).

 



Free Papers 98

Conclusion: Overexpression of hsa-miR-7 positively effects cartila-
ge formation by OA chondrocytes and prevents the up-regulation of 
markers for hypertrophic differentiation.

10.3.10
The Role of microRNA-140 in Osteoarthritis
T.A. Karlsen, G. De Souza, J.E. Brinchmann 
Oslo/Norway

Purpose: The purpose of this study was to determine the role of 
microRNA-140 in an in vitro model of osteoarthritis (OA)

Methods and Materials: Human articular chondrocytes (ACs) and 
synovial fibroblasts (SFs) were isolated from patients undergoing 
total knee replacement and anterior cruciate ligament surgery, re-
spectively. Addition of recombinant IL1B to cell cultures was used 
as an in vitro model of OA. All patients provided written, informed 
consent. Electroporation was used to overexpress microRNA-140. 
Real-time PCR was used to quantify mRNA levels and genome-scale 
proteome quantification was performed using mass spectrometry. 
ELISA and western blotting were used to validate results from the 
proteome analysis.

Results: IL1B-stimulation of ACs resulted in upregulation and down-
regulation of 200 and 160 proteins, respectively. The upregulated 
proteins included several pro-inflammatory molecules such as IL1B, 
IL6, IL8 and the matrix degradation molecules MMP3 and MMP13. 
All these proteins are known to be involved in the pathogenesis of 
OA. When microRNA-140 was overexpressed in IL1B-stimulated ACs 
100 and 90 proteins were downregulated and upregulated, respec-
tively. The downregulated proteins included IL1B, IL6, IL8, proteins 
involved in NF-kappaB signaling and other proteins that are associ-
ated with OA. However, MMP3 and MMP13 were not affected. ACAN, 
CSGALNACT1 (involved in chondroitin sulfate biosynthesis), prote-
ins involved in hyaluronan synthesis/binding and inhibitors of NF-
kappaB signaling were among the proteins that were upregulated 
by miR-140. The remaining proteins were mainly associated with 
cell cycle and metabolism.

Conclusion: Addition of low levels of IL1B to cultures of ACs or SFs 
constitute good in vitro models for the pathogenesis of OA. In this 
study we show that microRNA-140 protects against OA by inhibiting 
key inflammatory molecules and stimulating synthesis of important 
cartilage molecules. Delivery of microRNA-140 into OA joints may 
represent a viable treatment strategy.

10.4.2
Immune properties of Equine Autologous & Allogeneic Bone-
Marrow Derived Mesenchymal Stem Cells
A. Colbath, S. Dow, J. Phillips, C.W. Mcilwraith, L. Goodrich 
Fort Collins/United States of America

Purpose: The purpose of the study was to determine whether there 
are clinically relevant immunologic and immunosuppressive diffe-
rences between autologous and allogeneic bone marrow-derived 
mesenchymal stem cells (BMDMSCs), and determine a mechanism 
of action of immunosuppression utilized by allogeneic BMDMSCs.

Methods and Materials: Autologous and allogeneic combinations 
of BMDMSCs and lymphocytes at 1:10,1:100, and 1:1000 ratios 
were labeled with CFSE and stimulated with concavalin A (2.5 mg/
ul) for 90 hours. Flow cytometric analysis was performed for CFSE 
and IFNɣ. Results of the proliferation assays and cytokine analysis 
were compared between allogeneic and autogenous BMDMSCs. To 
determine the mechanism of immune suppression by allogeneic 
BMDMSCs, allogeneic stimulated lymphocytes (2.5ug/ml ConA) 
were added to BMDMSCs at a ratio of 1:10 MSC:PBMC. Three pa-
thways of immune suppression were inhibited: Prostaglandin E2 

was inhibited by Indomethacin, nitric oxide by L-N-monomethlyl-
Arginine citrate (LNMMA), and TGFß by SD208. PBMDMSCs and 
lymphocytes were incubated with inhibitors for 90 hours. Cell pro-
liferation was measured using flow cytometry. Statistical analysis 
for cell proliferation and IFNɣ production was performed using a 
non-parametric Signed Rank Test to compare sample medians (si-
gnificance P<0.05). 

Results: The addition of autologous BMDMSCs (1:10 ratio) resulted 
in a 32% decrease in lymphocyte proliferation when compared to 
the positive control. Addition of allogeneic BMDMSCs at a 1:10 ratio 
resulted in a 24% decrease in mean lymphocyte proliferation when 
compared to the positive control. A decrease in IFNɣ production by 
lymphocytes occurred with the co-culture of PBMC and allogeneic or 
autogenous BMDMSCs. Mechanism assays show reversal of inhibi-
tion when TGFß and PGE2 pathways are blocked.

Conclusion: The study suggests that both allogeneic and autoge-
nous BMDMSCs result in immune suppression of PBMCs, supported 
by both a decrease in lymphocyte proliferation and IFNɣ production. 
Mechanism experiments suggest BMDMSCs utilize PGE2 and TGFß 
to elicit immune suppression. 

10.4.3
Intermittent but not Continuous PTHrP Exposure Enhances MSC 
Chondrogenesis & Reduces Hypertrophy via cAMP/PKA signaling
J. Fischer, A. Aulmann, V. Dexheimer, T. Grossner, W. Richter 
Heidelberg/Germany

Results:

 

While constant treatment with PTHrP suppressed chondrogenesis of 
MSC, intermittent exposure of MSC to PTHrP significantly increased 
COL2A1 expression and collagen type II, DNA and proteoglycan con-
tent per pellet. Collagen type X was little affected on the gene and 
protein level, but ALP activity and IHH expression were significantly 
reduced with pulsed PTHrP. Stimulation of cAMP/PKA signaling by 
application of forskolin reproduced main effects of both - intermit-
tent and constant - treatment modes. However, supplementation 
of PTHrP(7-34), which is able to activate PKC- but not cAMP/PKA-
dependent signaling, was ineffective.
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10.4.4
Modulation of Hyaluronan Synthesis by the Interaction between 
Mesenchymal Stem Cells & Osteoarthritic Chondrocytes
E. Antonioli, C.A. Piccinato, M. Cohen, A.C. Goldberg, H.B. Nader, 
M. Ferretti 
Sao Paulo/Brazil

Results: There was a decrease in BM-MSCs cell count in co-culture 
with OA-chondrocytes when compared to BM-MSCs alone. In mo-
noculture, BM-MSCs produced higher amounts of hyaluronan than 
OA-chondrocytes and co-culture of BM-MSCs with OA-chondrocytes 
increased hyaluronan production per cell. Hyaluronan synthase-1 
mRNA expression was upregulated in BM-MSCs after co-culture 
with OA-chondrocytes, whereas hyaluronidase-1 was downregula-
ted. After co-culture, lower IL-6 levels were detected in BM-MSCs 
compared with OA-chondrocytes.

 

Conclusion: These results indicate that in response to co-culture 
with OA-chondrocytes, BM-MSCs change their behavior by increa-
sing production of hyaluronan and decreasing inflammatory cyto-
kines (Fig. 4). Our results indicate that BM-MSCs per se could be 
a potential tool for OA regenerative therapy, exerting short-term 
effects on the local microenvironment even when cell:cell contact 
is not occurring.

 

10.4.5
P38 MAPK inhibitor Priming of Matrix expanded Human 
Synovium-derived Stem Cells for Chondrogenesis
M. Pei 
Morgantown/United States of America

Purpose: Extracellular matrix (ECM) could serve as a “niche” to pri-
me adult stem cells for in vitro expansion while retaining or enhan-
cing chondrogenic potential. Our previous study showed that ECM 
expanded stem cells exhibited a less inflammation and more “stem-
ness” for chondrogenesis. Considering anti-inflammatory property 

of p38 MAPK inhibitor, in this study, we hypothesized that precon-
ditioning with p38 MAPK inhibitor would recharge ECM expanded 
human synovium-derived stem cells’ (hSDSCs’) chondrogenesis.

Methods and Materials: Human SDSCs were expanded on either 
ECM or plastic flasks in the presence or absence of sb203580 (a 
p38 MAPK inhibitor) followed by a chondrogenic induction. Expan-
ded cells were characterized using cell number counting, and pro-
liferation index and mesenchymal stem cell markers (CD29, CD90, 
CD105, and SSEA4) by flow cytometry. Chondrogenic potential of 
expanded cells were evaluated in a pellet culture system using al-
cian blue staining for GAGs, immunostaining for types II and X col-
lagen, and MMP13, real-time PCR for chondrogenic marker genes. 
sb203580 was also supplemented in chondrogenic medium for its 
direct effect on expanded cells’ chondrogenic differentiation. Global 
gene expression and Western blot was used to evaluate potential 
involvement of Wnt signals in hSDSCs’ rejuvenation by sb203580 
and ECM expansion. 

Results: We found that preconditioning with sb203580 greatly favo-
red ECM expanded hSDSCs’ proliferation and chondrogenic poten-
tial while supplementation with sb203580 in an induction medium 
dramatically retarded hSDSCs’ chondrogenic differentiation, even 
for ECM expanded cells. The up-regulation of Wnt5a and Wnt11 and 
down-regulation of Wnt3a from ECM expansion were reinforced by 
ECM combined with sb203580 preconditioning in chondrogenically 
induced hSDSCs. 

Conclusion: Our study indicated that p38 MAPK inhibitor plays a 
distinctive priming effect on ECM mediated stem cell chondrogene-
sis, which might contribute to high-quality cartilage regeneration 
for defect repair in clinics. The Wnt-associated rejuvenation mecha-
nisms still need further validation. 

10.4.6
Nanosecond Pulsed Electric Fields (nsPEFs) Enhance 
Chondrogenesis of Mesenchymal Stem Cells (MSCs)
Z. Ge, K. Zhang 
Beijing/China

Purpose: Biophysical signals are necessary for chondrogenic diffe-
rentiation of mesenchymal stem cells (MSCs), however, they have 
not been routinely included in broadly used chondrogenic differen-
tiation medium. Pulsed electric fields (PEFs) have been shown to 
promote proliferation of MSCs and subsequent proteoglycan syn-
thesis [1]. In previous study, we have found that nanosecond pulsed 
electric fields (nsPEFs) regulated phenotype of chondrocytes parti-
ally through wnt/β-catenin pathway [2]. In current study, we further 
explore effects of nsPEFs on chondrogenesis of MSCs and mecha-
nism involved. 

Methods and Materials: Porcine bone marrow-derived stem cells 
(bMSCs) were cultured and stimulated with 5 pulses of electric field 
(10 kV/cm or 20 kV/cm, 100ns duration), before 2.5 x105 MSCs were 
centrifuged to pellets and cultured in chondrogenic differentiation 
media. Expression of COL I/II/X, aggrecan (AGG) and SOX9 were 
evaluated at day 3 and 14 respectively, while histology and quanti-
fication of glycosaminoglycan (GAG) were done at 21 days. The pro-
tein of P38 and phosphorylation of P38 were evaluated by western 
blotting at 1 hour after nsPEFs treatment.

Results: 5 pulses of 10 kV/cm nsPEFs significantly increased gene 
expression of COL II at day 3 (1.7-fold, p=0.13) and day 14 (1.9-fold, 
p=0.01), while 20 kV/cm nsPEFs increased COL II at day 3 (2.1-fold, 
p=0.032). 10 kV/cm nsPEFs increased AGG expression to 2.5-fold at 
day 3 (p=0.001). Moreover, 10 kV/cm nsPEFs increased SOX9 to 1.7-
fold (p=0.38), and 20 kV/cm increased SOX9 to 1.6-fold (p=0.44) 
at day 3 (Fig. 1d). The proteoglycan staining and GAG content were 
unaffected at 21 days. The phosphorylation of P38 was upregulated 
after nsPEF treatment.
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Conclusion: We found that nsPEFs promoted the chondrogenesis 
of MSCs, possibly through activation of P38 signaling pathway. Re-
ferences 1. Mayer Wagner, et al. Bioelectromagnetics 2011. 2. Kun 
Zhang, et al. Scientific Reports 2014.

10.4.7
Wnt/β-catenin signaling regulates the proliferation and 
differentiation of mesenchymal progenitor cells through the p53 
pathway
X. Peng 
Chongqing/China

Purpose: Mesenchymal progenitor cells (MPCs) are found in articu-
lar cartilage from normal controls and patients with osteoarthritis 
(OA). Nevertheless, the molecular mechanisms of the proliferation 
and differentiation of these cells remain unclear. In this study, we 
aimed to determine the involvement of Wnt/β-catenin signaling in 
regulating the proliferation and differentiation of MPCs.

Methods and Materials: MPCs were isolated from the articular 
cartilage of normal and OA patients. Cells were sorted by immuno-
magnetic cell separation. Cell proliferation capacity was evaluated 
using the MTT assay. Toluidine blue staining and immunostaining 
with anti-collagen II or anti-aggrecan antibodies were used to de-
termine the chondrogenic differentiation capabilities of MPCs. The 
mRNA and protein expression of target genes were examined by 
quantitative real-time polymerase chain reaction and Western blot-
ting, respectively. Knock-down of p53 expression was achieved with 
RNA interference.

Results: Most cells isolated from the normal and OA patients were 
CD105+ and CD166+ positive (Normal subjects: CD105+/CD166+, 
94.6% ± 1.1%; OA: CD105+/CD166+, 93.5% ± 1.1%). MPCs derived 
from OA subjects exhibited decreased differentiation capabilities 
and enhanced Wnt/β-catenin activity. Inhibition of Wnt/β-catenin 
signaling promoted proliferation and differentiation, whereas acti-
vation of this pathway by treatment with rWnt3a protein decreased 
the proliferation and differentiation of normal MPCs. Additionally, 
Wnt/β-catenin signaling positively regulated p53 expression, and 
silencing of p53 increased proliferation and differentiation of MPCs.

Conclusion: Wnt/β-catenin regulated the proliferation and differen-
tiation of MPCs through the p53 pathway.

10.4.8
Neonatal Desensitization Promotes Long-Term Survival of hES-
MSCs and Cartilage Repair
S. Zhang, Y.Z. Jiang, W. Zhang, L. Chen, W. Liu 
Hangzhou/China

Purpose: Immunosuppression is often adopted after surgery for in-
vestigating human embryonic stem cells or their derivates for tissue 
regeneration in vivo. However, side effects often exhibit and only 
short-term observation is allowed. In this study, we evaluated the 

effects of neonatal desensitization on long-term survival of human 
embryonic stem cells-derived mesenchymal stem cells (hES-MSCs) 
and cartilage regeneration.

Methods and Materials: Injection with hES-MSCs on day 1 of birth 
was performed in rats. 6 weeks later, a full-thickness cylindrical car-
tilage defect was created and a hES-MSC seeded collagen bilayer 
scaffold (group d+s+c) or a collagen bilayer scaffold (group d+s) 
were transplanted. Rats without neonatal injection were transplan-
ted with the hES-MSC-seeded collagen bilayer scaffold and serve 
as controls (group s+c). Another 4 and 8 weeks later, joints were 
harvested and cartilage regeneration was evaluated by histological 
analysis, immunohistochemical staining, and biomechanical test. 
The role of hES-MSCs in cartilage regeneration was analyzed by CD4 
immunostaining, cell death detection, and visualization of human 
cells in regenerated tissues.

Results: hES-MSCs expressed CD105, CD73, CD90, CD29, and CD44, 
but not CD45 and CD34, and could differentiate to osteogenic, chon-
drogenic, and adipogenic cells. Group d+s+c exhibited greater ICRS 
scores than group d+s or group s+c. Meanwhile, improved mechani-
cal properties and abundant collagen type II were detected in group 
d+s+c. Less CD4+ inflammatory cell infiltration and cell death wre 
found at week 1, and hES-MSCs survived as long as 8 weeks after 
transplantation in group d+s +c.

Conclusion: With neonatal desensitization followed by scaffold-cell 
transplantation, long-term survival of implanted human cells and 
improved cartilage regeneration was proved. Our study suggests 
that neonatal desensitization before transplantation may be an effi-
cient way to develop a powerful tool for preclinical study of human 
cell-based therapies in animal models.

10.4.9
Enhanced Cartilage Repair in an in Vivo Ovine Model using 
Human Mesenchymal Stem Cells Expressing the Cell Surface 
Marker Protein ROR2
S.C. Dickinson1, S. Pang2, R. Ferro De Godoy3, A. Goodship2,
K. Brady1, W. Kafienah2, A.P. Hollander1 
1Liverpool/United Kingdom, 2Bristol/United Kingdom, 3Stanmore/
United Kingdom

Purpose: We have identified ROR2, the Wnt5a receptor, as a pre-
dictive cell surface marker expressed by a subset of human mesen-
chymal stem cells (MSCs) that have a significantly enhanced capa-
city for chondrogenic differentiation and cartilage formation. We 
therefore engineered cartilage from ROR2+ve MSCs and implanted 
the tissue into a novel ovine cartilage-repair model with the aim of 
identifying an improved alternative to unfractionated MSCs for the 
repair of cartilage lesions.

Methods and Materials: Unfractionated MSCs or ROR2+ve MSCs 
from 4 human donors were seeded onto biodegradable scaffolds 
and cultured for 35 days in vitro. The engineered cartilage was im-
planted into full-thickness articular cartilage lesions in the medial 
femoral condyles of sheep for three months. Immune rejection was 
controlled by surrounding implanted human cartilage with a “cell 
bandage” consisting of a collagen sponge seeded with undifferen-
tiated ovine MSCs.

Results: The in situ macroscopic appearance of the defect sites sho-
wed that cartilage engineered from ROR2+ve MSCs filled over 80% 
of the defects three months after implantation which was signifi-
cantly higher than the defect filling achieved using cartilage engi-
neered from unfractionated MSCs.
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Biochemical analysis of the regenerated tissue showed that both 
the ratio of type II to type I collagen and the proteoglycan content 
of implants produced from ROR2+ve cells were almost double that 
of control implants made from unfractionated MSCs. There were no 
signs of immune rejection.

 

Conclusion: Cartilage engineered from ROR2+ve MSCs produced 
both a greater abundance of repair tissue and improved quality of 
the regenerated cartilage after implantation in an ovine model sys-
tem. This indicates a therapeutic advantage of this cell population 
over unfractionated MSCs and identifies ROR2 as a functional phe-
notypic marker of MSCs optimised to produce a more predictable 
and effective cartilage repair therapy. Our model also demonstrates 
the feasibility of avoiding immune rejection in a xenogeneic model, 
without the use of immunosuppressive drugs.

10.4.10
The Infrapatellar Fat pad from Diseased Joints Inhibits 
Chondrogenesis of Mesenchymal Stem Cells
W. Wei, R. Rudjito, P.K. Bos, J.A.N. Verhaar, S. Clockaerts,
Y.M. Bastiaansen-Jenniskens, G. Van Osch 
Rotterdam/Netherlands

Purpose: The microfracture procedure stimulates mesenchymal 
stem cells (MSCs) to repair cartilage defects. However, instead of 
hyaline cartilage, fibrocartilage is formed. This could be caused by 
the influence of circulating inflammatory factors in the knee. The in-
frapatellar fat pad (IPFP) secretes many factors into the joint and its 
secretion pattern might be changed by joint pathology or obesity. 
The goal of this study was to investigate whether factors produced 
by the IPFP influence chondrogenesis of MSCs and whether this 
could be influenced by joint pathology or obesity.

Methods and Materials: IPFP obtained during total knee replace-
ment (TKR; 22 donors), anterior cruciate ligament reconstruction 
(ACL; 6 donors) and subcutaneous adipose tissue (SAT; 9 donors) 
were used to make conditioned medium (CM). The effect of different 
types of CM on chondrogenesis of 3 MSC donors was evaluated by 
gene expression, biochemistry and immunohistochemistry. 

Results: CM from both IPFP sources significantly decreased gene 
expression of collagen type 2 (COL2; p<0.01) and aggrecan (ACAN; 
p<0.05), the COL2 / collagen type 1 (COL1; p<0.01) and ACAN / ver-
sican ratio (p<0.05). CM from SAT only significantly decreased COL2 
(p=0.01) and not ACAN. There was no significant difference between 
CM from TKR and ACL IPFP donors and there was no difference bet-
ween CM from lean (BMI<25) or obese (BMI>30) IPFP donors. GAG 
deposition, evaluated by DMMB assay, was not influenced by TKR 
IPFP CM. Immunohistochemistry showed a decrease in collagen 
type 2 staining by TKR IPFP CM, whereas collagen type 1 staining 
was not influenced. 

Conclusion: Factors secreted by the IPFP from diseased joints in-
hibit chondrogenesis of MSCs and shift production of hyaline car-
tilage matrix to a fibrocartilage matrix. Type of joint pathology and 
obesity do not influence this effect. The IPFP could be a target for 
future therapies to improve the results of the microfracture proce-
dure in the knee.

16.1.2
Molecular Regulation of Chondrogenic Human Induced 
Pluripotent Stem Cells
A. Owaidah1, A. Dallol2, A.P. Hollander3, M. Gari2, M. Abbas2, H. 
Alsehli2, A. Chaudhary2, M. Al-Qahtani2, A. Abuzenadah2,
W. Kafienah3 
1Dammam/Saudi Arabia, 2Jeddah/Saudi Arabia, 3Bristol/United 
Kingdom

Purpose: Human induced pleuripotent stem cells (hiPSC) are a 
promising source for chondrogenic stem cells. Sequential differen-
tiation of hiPSC provides a platform for dissecting the molecular 
pathways associated with chondrogenesis in vivo and could reveal 
targets for better control of chondrocyte fate for cartilage repair ap-
plications. The aim of this study was to use next-generation sequen-
cing (NGS) to investigate the transcriptome of chondrogenic hiPSCs.

Methods and Materials: The hiPSC line (C19) was derived through 
reprogramming of human dermal fibroblasts using viral vectors 
expressing Oct4, Sox2 and Klf4. A protocol of sequential growth 
factors including Activin A, FGF-2 and BMP-4 was used to drive the 
formation of chondroprogenitors directly from hiPSC colonies. The 
chondrogenic hiPSCs were characterised exhaustively by tissue 
engineering, histochemical analysis and biochemical analysis. The 
transcriptome of undifferentiated hiPSCs, hiPSC-derived chondro-
cytes and native chondrocytes was interrogated utilizing RNA-Seq 
on the SOLiD 5500 XL platform where the poly-A fraction was se-
quenced at a coverage level of at least 25 million reads. 

Results: Differential gene expression revealed the induction of se-
veral collagen genes including type 1 to type 12, type 14 and type 
18 during transition from the pluripotent state to the chondrogenic 
state (Figure 1). Collagen-regulatory genes such as PCOLCE which 
drives the endopeptidase cleavage of procollagen as well as regu-
lators of collagen glycosylation were upregulated. The expression 
of various fibroblasts growth factors (FGFs) including FGF-11, FGFR2 
and insulin growth factor-2 (IGF-2) was upgregulated as well as the 
Wnt-induced secreted protein, WISP-2. Mitotic genes were downre-
gulated in derived and differentiated chondrocytes.

 

Conclusion: NGS analysis demonstrated the recapitulation of ear-
ly events in cartilage development during hiPSC chondrogenesis. 
The upregulation of many members of the collagen family indicate 
the intricate nature of collagen expression during chondrogenesis. 
Further analysis of non-chondrogenic targets may reveal novel pa-
thways for controlling the fate of chondrogenic hiPSCs.

16.1.3
Norepinephrine: Chondroprotective Effects in Human OA-
Chondrocytes
J. Lorenz1, N. Schäfer1, A. Pasoldt1, R.H. Straub1, J. Schaumburger2, 
J. Grifka2, S. Grässel1 
1Regensburg/Germany, 2Bad Abbach/Germany

Purpose: Norepinephrine (NE) belongs to the catecholamine family 
of tyrosine-derived neurotransmitters of the sympathetic nervous 
system (SNS). Tyrosine-hydroxylase (TH) positive sympathetic ner-
ve fibers have been identified in synovia, bone marrow, subchondral 
bone, periosteum and in bone-adherent ligaments indicating that 
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growth and metabolic activity of bone and joint tissues is modula-
ted by sympathetic neurotransmitters. Here, we aim to understand 
the role of NE in human osteoarthritic (OA) chondrocytes in the con-
text of inflammation and its impact on metabolic activity.

Methods and Materials: Chondrocytes were isolated from post-sur-
gery human OA articular cartilage. Expression of adrenergic recep-
tors/TH in articular cartilage was tested with PCR and immunohisto-
chemistry. Effects of NE on interleukin-1β (IL) induced expression 
of cytokines, matrix metalloproteinases (MMP) and extracellular 
matrix components were analyzed with real-time PCR, ELISA and 
DMMB-Assay in 3D cultures. The impact of NE on cell metabolism 
was determined with PCNA/TUNEL and specific receptor antago-
nists were included in BrdU/caspase3/7-ELISAs. Cell cycle analysis 
was performed to determine impact of NE on cell population distri-
bution.

Results: TH, α1D- and ß2-adrenergic receptors were detected on 
gene and protein level in osteoarthritic cartilage explants. Stimu-
lation with NE significantly reduced IL1ß induced expression of IL8 
and MMP-13 and mitigated IL1ß induced decrease in extracellular 
glycosaminoglycan and collagen II concentrations. NE (10-8 M) in-
creased number of TUNEL-positive and decreased (10-6 M) number 
of PCNA-positive chondrocytes. Apoptosis was decreased with α1-
adrenergic receptor antagonist doxazosin. Proliferation was increa-
sed with β-adrenergic receptor antagonist nadolol. Treatment with 
NE (10-6 M) increased G0/1-phase cell population and decreased S-
phase population.

 

Conclusion: Neurotransmitters of the SNS presumably mediate an 
anti-inflammatory / chondroprotective effect in OA chondrocytes. 
Furthermore, NE modulates proliferation of chondrocytes via β2-
adrenergic receptor signaling and by induction of apoptosis via 
α1-adrenergic receptor signaling. We therefore assume that ca-
techolaminergic neurotransmitters have an impact on osteoarthritis 
manifestation and pathology.

16.1.4
Systematical Modulation of Cell Substrate Stiffness Effectively 
Reverses the Dedifferentiation of Chondrocytes via YAP Signaling
X. Zhang, H.W. Ouyang, S.F. Zhang 
Hangzhou/China

Purpose: Autologous chondrocyte implantation (ACI) has demons-
trated an effective strategy for cartilage defect treatment. However, 
limit of cell source and rapid dedifferentiation of chondrocytes duri-
ng in vitro expansion are major concern. Here, we hypothesize that 
systematic modulation of substrate stiffness could affect chondro-
cyte phenotype and PDMS substrate with similar mechanical pro-
perty to cartilage would reverse the dedifferentiation of chondro-
cyte via YAp signaling.

Methods and Materials: PDMS substrates with different stiffness 
were prepared from the commercially available Sylgard 184 silico-
ne elastomer kit (base: cross linker w/w ratio 5:1,10:1, 20:1, and 
40:1 were prepared). Young’s modulus was tested by atomic force 
microscopy (AFM). Primary human chondrocytes were cultured on 
PDMS substrates for up to 7 days. Cell stiffness was characterized 

by AFM and expression of hyaline cartilage related genes was ana-
lyzed by quantitative RT-PCR, further evaluated by immunofluore-
scence staining and western blot. Meanwhile, response of chondro-
cytes upon IL-1 beta stimulation was also compared by quantitative 
RT-PCR. Total quantity and cellular localization of YAP were further 
investigated by gene and protein expression assays.

Results: Chondrocytes cultured on soft PDMS substrates showed 
great enhanced expression of sox 9, aggrecan and collagen type II 
compared with those on culture dish. Specifically, cells cultured on 
PDMS with Young’s modulus of 1.6MPa (ratio of base to cross linker 
was 10:1) exhibited best performance. When human chondrocytes 
were stimulated by IL-1 beta for 48 hours, expression of MMP-13, 
adamts5 was up-regulated in control group, while down-regulated 
on optimal PDMS substrate.

 

Cells on PDMS substrates were round and soft. Meanwhile, it was 
found that actin stress fiber formation was reduced on PDMS sub-
strate. Corresponding to the cell shape and mechanical property, 
YAP was found to disperse in PDMS group instead of localized in 
nuclear.

 

Conclusion: Based on our results, we conclude that PDMS substrate 
could be adopted for effective cell expansion for ACI treatment.
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16.1.5
Acid Ceramidase Treatment of Rat Chondrocytes leads to 
Improved Outcomes in an Osteochondral Defect Model.
M. Frohbergh1, Y. Ge1, J. Guevara2, L.A. Barrera2, R. Grelsamer1,
C.M. Simonaro1, E.H. Schuchman1 
1New York/United States of America, 2Bogota/Colombia

Purpose: To determine whether addition of the ceramide hydroly-
zing enzyme, acid ceramidase (AC), to chondrocyte culture media 
leads to improved treatment outcomes in a rat osteochondral defect 
model.

Methods and Materials: A microdrilling procedure was deveolped 
to create osteochondral defects in the trochlea surface of the rat 
femur. Chondrocytes were harvested from normal rat menisci and 
expanded for 7 days with or without AC, and then grown on Bio-
Gide® scaffolds for 3 days. Expanded cells were analyzed prior to 
implantation for cell number, glycosaminoglycan (GAG) production, 
and by qPCR for the expression of several chondrogenic genes. In 
vivo outcomes were evaluated at 6 weeks post-implantation. Three 
experimental groups were analyzed: rats receiving implants contai-
ning cells with and without AC treatment, and animals transplan-
ted with Bio-Gide® alone. Outcomes were compared to normal rats 
and rats in which the defect was allowed to self repair (n=6/group). 
Outcome measurements included microCT, histology, immunohi-
stochemistry and functional assessments using a DigiGate.

Results: After 7 days of expansion rat chondrocytes treated with a 
single dose of AC exhibited enhanced growth, enhanced GAG pro-
duction, and elevated expression of several chondrogenic genes, 
including collagen 2, aggrecan and SOX9. No elevation of collagen 
10 expression was observed. After trypsinization and replating on 
Bio-Gide® scaffolds for 3 days, AC-treated cells continued to exhibit 
a growth advantage. At 6 weeks post-implantation, histological and 
morphological evidence of improved articular cartilage repair was 
evident in rats receiving the AC-treated cells.

Conclusion: Treatment of rat chondrocytes with AC prior to implan-
tation enhanced cell growth and quality. Implantation of the AC-tre-
ated cells also led to improved repair outcomes in a rat osteochon-
dral defect model. These and prior results (Simonaro et al., PLoS 
One, 2013) indicate that maintenance of sphingolipid metabolisim 
in chondrocytes using AC may be beneficial for cell-based cartilage 
repair.

16.1.6
Identity & Potency of Chondrocytes are Determined by the Cell 
Surface Markers Integrins α10β1 and α11β1.
M. Johannesson, K. Uvebrant, R. Gisler, J.F. Talts, E. Lundgren-Akerlund 
Lund/Sweden

Purpose: Integrin α10β1 is the most abundant collagen-binding in-
tegrin in cartilaginous tissues with an expression pattern distinct 
from that of other collagen-binding integrins. In vitro and in vivo 
studies identifies integrin α10β1 as a unique phenotypic marker for 
chondrocyte differentiation and a crucial mediator of cell-matrix 
interactions required for proper cartilage development. Integrin 
α11β1, normally expressed by fibroblasts, is also present on de-
differentiated cultured chondrocytes. It functions as a receptor for 
interstitial collagens and is involved in collagen reorganization on 
mesenchymal non-muscle cells. The purpose of the present study 
was to show that levels of integrin α10β1 on cultured chondrocytes, 
together with integrin α11β1, predicts the quality of cartilage matrix 
during cartilage formation.

Methods and Materials: Human chondrocytes were cultured in dif-
ferent monolayer culture conditions in the presence of FBS, FGF-2, 
or platelet lysate to modulate expression of integrins α10β1 and 
α11β1, assessed by flow cytometry. Cells were subjected to pellet 
mass culture to induce cartilage formation. After 14 days, pellets 
were stained with Alcian blue and Alizarin red, and immunocha-
racterized with antibodies directed against integrin subunits α10 
and α11, aggrecan, and collagen types I and II. 

Results: Chondrocytes cultured in the presence of FGF-2 or platelet 
lysate increased expression of integrin α10β1 and this increase cor-
related with higher collagen type II expression. Chondrocytes with 
increased expression of integrin α11β1, on the other hand, showed 
increased expression of collagen type I. Furthermore, chondrocytes 

expressing high levels of integrin α10β1 had the capacity to produce 
a cartilage matrix of high quality as judged by collagen II / collagen 
I ratio and expression of aggrecan. 

Conclusion: Our results show that integrin α10β1 together with in-
tegrin α11β1 can be used to analyze identity and purity of cultured 
cells, the differentiation state of chondrocytes, and to predict the 
capacity of chondrocytes to produce cartilage of high quality. 

16.1.7
Articular Cartilage Progenitor Cells for the Repair of Articular 
Defects: A Long-Term Strenuous Exercise Model in Horses
C.W. Mcilwraith1, H. Mccarthy2, C. Archer3, M. Barrett1, D.D. Frisbie1 
1Fort Collins/United States of America, 2Cardiff/United Kingdom, 
3Singleton Park/United Kingdom

Purpose: We have described a novel population of progenitor cells 
(PC) derived from the superficial zone of articular cartilage that have 
functional equivalence to mesenchymal stem cells (MSCs) while re-
taining a highly desirable stable chondrocyte phenotype.1,2 We eva-
luated both autologous or allogenic articular cartilage derived PC 
for the repair of critically sized equine articular cartilage defects.

Methods and Materials: Cartilage defects of 15mm diameter were 
created bilaterally on the medial trochlear ridge of the stifle (compa-
rable to the human knee). Three experimental groups were compa-
red with empty defect controls: fibrin only, autologous cells plus fi-
brin (Auto), and allogenic cells plus fibrin (Allo); n = 4 per treatment. 
Horses underwent treadmill exercise throughout the 12-month stu-
dy and evaluations included lameness (pain), arthroscopic, radio-
graphic, gross and histological analyses.

Results: Arthroscopic evaluation demonstrated significantly bet-
ter repair in Auto treated defects compared to empty or fibrin only 
(p<0.02). This included repair tissue attachment to surrounding 
cartilage and bone as well as firmness of repair tissue compared to 
normal cartilage. The use of autologous cells significantly reduced 
central osteophyte formation when compared to Fibrin alone. Auto 
treated defects had significantly improved microscopic repair tis-
sue when compared with fibrin or empty defects (Figure 1, p<0.05, 
p<0.01). Safranin-O staining was significantly improved in the Auto 
repair tissue compared to the other treatment groups (p<0.02). 
More repair tissue labelled positively for collagen type II in both 
the Auto and Allo repair tissue compared with the control and Fibrin 
groups (Figure 2).
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Conclusion: The use of autologous chondroprogenitor cells in fibrin 
provided modest improvement over fibrin alone with a 105 percent 
reduction in central osteophyte formation compared to fibrin alone, 
suggesting this cell type may show clinical benefit, evaluating other 
cartilage resurfacing techniques should be considered. 1. McCarthy 
HE, et al. Vet J. 2012 Jun;192(3):345-51. 2. McCarthy HE, et al. Europ 
Cells Mat 2013;26(Suppl 3):48.

16.1.8
Chondrocytes Subjected to Hydrostatic Pressure Prior to 
Implantation become More Sensitive to Post-Implantation 
Mechanical Stimuli
T. Ogura1, A. Tsuchiya2, A.H. Gomoll3, T. Minas3, S. Mizuno1 
1Boston/United States of America, 2Funabashi/Japan, 3Chestnut 
Hill/United States of America

Purpose: Mechanisms of articular cartilage regeneration by articu-
lar chondrocyte implantation (ACI) are unclear, because the efficacy 
of this treatment has been evaluated by joint function and pain sca-
le. We intend to clarify characteristics of the grafting cells that are 
subjected to mechanical stresses by mimicking physiological stres-
ses in vitro using a Bioprocessor.

Methods and Materials: We isolated human articular chondrocytes 
(hAC) from the discarded cartilage of total knee replacements (age 
40-55 y, IRB approved). The expanded cells were embedded in a 
collagen gel/sponge scaffold (cell construct) and incubated for 6 
days with/without mechanical stimuli, defined as pretreatment 
with hydrostatic pressure (pre-HP). Instead of implantation, the cell 
constructs were incubated with HP loading at 0.5 MPa, 0.5 Hz for 
3 days to mimic weight bearing (post-HP) or without loading (no 
HP). Three days after loading, the cell constructs were harvested for 
evaluating immunohistology and gene expression. The gene expres-
sions from 3 subjects were measured with qPCR using TagMan™ 
designed for collagen type II (Col-2) and aggrecan core protein (Agg-
core) primers and histological sections were stained with antibodies 
of cartilage specific extracellular matrices (Col-2, keratan sulfate).

Results: The gene expression of Agg-core and Col-2 were signifi-
cantly (p <0.05) upregulated with pre-HP compared to without pre-
HP. Those genes were also upregulated with post-HP compared to 
without post-HP. Immunohistology represented the trend of carti-
lage specific extracellular matrices accumulation between with/
without HP treatments. Cell constructs with treatment of post-HP 
accumulated more keratan sulfate and Col-2 that those without HP. 

Conclusion: After implantation of chondrocytes, cells with pre-HP 
treatment become more sensitive to HP.

16.1.9
Notochordal Cell conditioned medium enhances the Post-
Inflammation Matrix Recovery by Human Articular Chondrocytes
S. Müller1, M.Z. Karim2, A. Matta2, S. Feliciano1, M. Jakob1,
A. Mehrkens1, S. Schaeren1, I. Martin1, W.M. Erwin*2, A. Barbero1 
1Basel/Switzerland, 2Toronto/Canada

Purpose: It has recently been shown that notochordal cell condi-
tioned medium (NCCM), derived from non-chondrodystrophic ca-
nines protect animal and human nucleus pulposus cells from de-
gradation and induced apoptosis. Here we assessed whether the 
post-inflammatory recovery of human articular chondrocytes within 
an engineered cartilage tissue is enhanced by NCCM.

Methods and Materials: Chondrocytes harvested from cartilage 
samples of 6 non-osteoarthritic patients (18-68 years; group-I: 
<55 years, group-II: >55 years) and from one osteoarthritic donor 
that underwent total knee replacement (82 years) were expanded 
for two passages and then chondro-differentiated in pellets for 3 
weeks. Resulting tissues were exposed for 72 hours to IL-1β/TNFα 
and then cultured up to 14 days in medium containing 2%NCCM or 
2%FBS (ctr). Pellets generated with OA chondrocytes with or wit-
hout inflammatory pretreatment were cultured in NCCM- or ctr-me-
dium. Tissues after each culture phase were analyzed biochemically 
(glycosaminoglycans – GAG – and DNA), (immuno-)histologically 
(collagen II and GAG) and by RT-PCR.

Results: Inflammatory treatment resulted in a significant loss of 
GAG from the pellets generated by healthy and OA chondrocytes. 
Response to NCCM was age and disease-dependent: GAG contents 
(i) of group-I cell-pellets was not significantly influenced by NCCM, 
(ii) of group-II cell-pellets recovered to baseline levels only in NCCM 
medium, (iii) of OA chondrocytes-pellets without inflammatory pre-
treatment drastically increased in response to NCCM to levels 4-fold 
higher than baseline (Fig.1). (Immuno-)histological results confirm 
these trends. NCCM did not significantly modulate the expression 
of inflammatory and anabolic genes.

Conclusion: NCCM enhances cartilage matrix production by IL-1β/
TNFα-treated chondrocytes from healthy patients >55 years and 
by end stage OA chondrocytes. Research activities are ongoing 
to increase the sample size (to boost the statistical power) and to 
investigate the mechanisms whereby NCCM confers such chondro-
protection. In vivo studies are necessary to assess the feasibility of 
using NCCM for the treatment of inflammatory/degenerative joint 
diseases.

16.1.10
Additional Surgical Procedure Rate after use of a Bilayer 
Collagen Membrane in Autologous Chondrocyte Implantation.
L.M. James, S.K. Tabet 
Albuquerque/United States of America

Purpose: Autologous chondrocyte implantation (ACI) has high re-
operation rates due to periosteal patch hypertrophy and arthrofi-
brosis. Investigations of collagen membranes as a periosteal sub-
stitute have been performed. Reoperation rates of 5% or less have 
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been reported in American and European studies when a collagen 
membrane was used. Our study investigates replacing a periosteal 
procedure with a single collagen membrane (Bio-Gide). We hypo-
thesize that reoperation rates secondary to hypertrophy and overall 
second surgical procedure rates will be decreased by using a colla-
gen membrane.

Methods and Materials: A single center cohort of 53 patients tre-
ated with periosteal-covering was compared with a consecutive 
series of 34 patients undergoing implantation with Bio-Gide. The 
overall one and two year second surgical procedure rates were eva-
luated for the group who received Bio-Gide and the second procedu-
re rates were compared between groups.

Results: 34.0% treated with periosteum required reoperation in a 
minimum 1-year follow-up. Of those treated with Bio-Gide, 17.6% 
required a second procedure in a minimum 2-year follow-up com-
pared with 11.8% at 1-year follow up (not significance). 24.5% of 
the periosteum group demonstrated graft hypertrophy on second 
look compared to 2.9% in the Bio-Gide group (p= 0.0075). The main 
cause of reoperation in the collagen group were adhesions. 17.6% 
required manipulation and/or lysis. 15.1% of the periosteum group 
had adhesions.

Conclusion: Although we did not detect a statistically significant 
difference, second procedure rates decreased in Bio-Gide implanta-
tion compared to periosteal implantation (17.6% vs. 34%). Previous 
studies providing 1-year follow-up may be too soon to accurately 
project second surgical procedure rates with Bio-Gide (2-year - 
17.6% vs. 1-year - 11.8%). Our 2-year results support that Bio-Gide 
collagen membrane does decrease second procedure rate related 
to hypertrophy compared to periosteum (2.9% vs. 24.5%). Rates 
secondary to adhesions in collagen membrane versus periosteum 
groups were similar (17.6% vs. 15.1%).

16.2.2
Induction of Cartilage Regeneration using a PAMPS/PDMAAm 
Double-network Gel: An Experimental Study in Sheep
N. Kitamura, M. Yokota, T. Kurokawa, J.P. Gong, K. Yasuda 
Sapporo/Japan

Results: The DN gel–implanted defect was filled with a sufficient 
volume of the hyaline cartilage tissue rich in proteoglycan and 
type-2 collagen. Concerning the O’Driscoll score, there was a signi-
ficant difference not only on the effect of the DN gel implantation 
(p<0.0001) but also on the effect of the depth of the final vacant 
space (p=0.0006). The score of G-II was significantly greater than 
those of G-I and G-III when treated with DN gel (p<0.05). Type-2 
collagen, aggrecan and Sox 9 mRNAs were highly expressed in the 
regenerated tissue treated with DN gel in both the trochlea and the 
medial condyle of G-II.

 

Conclusion: This study using the mature sheep osteochondral de-
fect model demonstrated that DN gel implantation is an effective 
treatment to induce cartilage regeneration in vivo without any cul-
tured cells or mammalian-derived scaffolds.

16.2.3
Prevention of Synovial Membrane Inflammation & Cartilage 
Degradation by a Novel Chitosan Hydrogel in a Rabbit Model of 
Osteoarthritis
Y. Henrotin1, F. Oprenyeszk1, J. Dubuc2, M. Chausson3, R. Lecler3,
P. Douette3, S. Gauthier3 
1Liege/Belgium, 2Brussels/Belgium, 3Herstal/Belgium

Purpose: Current treatments of osteoarthritis (OA) are mainly based 
on the alleviation of painful symptoms but they are unable to pre-
vent or to reverse cartilage degradation. The development of new 
hydrogels for intra-articular viscosupplementation is a promising 
approach. Herein, we reported the effects of a novel chitosan hydro-
gel in OA induced surgically in rabbit. 

Methods and Materials: A biodegradable thermosensitive hydrogel 
was prepared with ultrapure and animal-free chitosan according 
to a proprietary formulation and process (VI002, Vegetech inside, 
Synolyne Pharma, Herstal, Belgium). OA was surgically induced 
by section of the anterior cruciate ligament (ACLT) in rabbits. One 
week after surgery, animals were randomly divided into 2 groups 
and injected intra-articularly (right knee) with 600 microliters sali-
ne solution (control; n =10) or with 600 microliters VI002 hydrogel 
(n=10). The standard radiographs were acquired in extension and 
scored with the Kellgren and Lawrence (K&L) scale. Animals were 
euthanized 9 weeks after surgery and the right knee joint was diss-
ected. A macroscopic evaluation of cartilage was done. Histological 
sections of cartilage and of synovial membrane were stained with 
Safranine-O/fast green or hematoxylin/eosin respectively. All eva-
luations were done according to the OARSI guidelines. 

Results: The X-ray analysis showed a significant decrease 
(p=0.0079) of the k&L score in rabbits injected with VI002 hydrogel 
compared with controls. The size and the severity of the macrosco-
pic OA cartilage lesions significantly decreased in the lateral com-
partment in animals treated with VI002 compared to controls (p = 
0.0041). The synovitis histological scores, mostly synoviocytes hy-
perplasia and inflammatory cells infilttrate criteria, were significant-
ly reduced by VI002 hydrogel (p = 0.0040). Finally, the injection of 
VI002 significantly improved the structure of cartilage (p = 0.0017). 

Conclusion: The VI002 hydrogel was found to prevent cartilage de-
gradation and to decrease synovitis in OA rabbit. The results are 
confirming the high potential of a chitosan-based hydrogel in pre-
venting OA.
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16.2.4
Full Thickness Articular Cartilage Repair using SDF-1 loaded 
Fibrin/HA Interpenetrating Hydrogel Network
Y. Yu, M.J. Brouillette, D. Seol, J.A. Martin, H. Zheng, J. Buckwalter 
Iowa City/United States of America

Purpose: Articular cartilage damage associated with joint trauma 
seldom heals and can lead to osteoarthritis (OA). Replacing dama-
ged cartilage with engineered tissue, has shown some potential, 
but clinical implementation is complicated by the procedures re-
quired for cell isolation and engraftment. Such difficulties may be 
overcome by developing the means to fully exploit the chondroge-
nic activities of endogenous cartilage progenitor cells (CPCs). Mi-
grating from nearby uninjured cartilage, CPCs rapidly repopulated 
the injured matrix, which suggested that they have the potential to 
heal damaged cartilage. To test that potential we filled experimen-
tal full thickness chondral defects with an acellular hydrogel contai-
ning Stromal-derived Factor-1alpha (SDF-1α). We hypothesized that 
SDF-1α, followed by treatment with chondrogenic factors, would 
first increase the recruitment of CPCs, and then promote the forma-
tion of a functional neo-cartilage.

Methods and Materials: Full-thickness chondral defects were cre-
ated on bovine osteochondral explants and filled with an interpen-
etrating polymer network (IPN) comprised of fibrin and hyaluronic 
acid and containing SDF-1α. Cell migration was monitored. Transfor-
ming growth factor beta-1 (TGFβ-1) and insulin-like growth factor-1 
(IGF-1) were used to induce chondrogenic differentiation. Regenera-
ted cartilage tissue was evaluated by histology, immunohistoche-
mistry, and scanning electron microscopy. Push-out tests were per-
formed to assess the strength of integration between regenerated 
tissue and host cartilage.

Results: Significant numbers of progenitor cells were recruited into 
defects by within 12 days. Growth factors induced heavy depositi-
on of aggrecan and type II collagen. By 5 weeks repair tissue cell 
morphology, proteoglycan density and surface ultrastructure were 
similar to normal cartilage. SDF-1α treated defects had greater inter-
facial strength than untreated controls.

 

IPN IPN+SDF Native Cartilage

sGAG 9.06±2.57 38.72±11.83 45.49±3.25

Water Content 87.17±0.05 68.16±0.16 61.74±0.03

Conclusion: This study showed that when CPC chemotaxis and 
chondrogenesis are stimulated sequentially, in situ full thickness 
cartilage regeneration and bonding of repair tissue to surrounding 
cartilage can occur without the need for cell transplantation.

16.2.5
Biomechanical Evaluations Of Artificial Cartilage Made Of A 
Hydroxyapatite-coated PAMPS/PDMAAm Double-network 
Hydrogel
S. Wada, N. Kitamura, T. Nonoyama, R. Kiyama, S. Semba,
J. Onodera, Y. Kawaguchi, M. Yokota, K. Higa, T. Kurokawa,
J.P. Gong, K. Yasuda 
Sapporo/Japan

Purpose: A PAMPS/PDMAAm double-network (DN) hydrogel is a 
potential material to develop artificial cartilage. One problem with 
DN gel is that it does not adhere to bone surfaces. Recently, we 
have developed a new method to modify the surface of the DN gel 
by mineralizing hydroxyapatite (HAp) at the outermost layer of the 
DN gel. The purpose of this study was to compare the biomaterial 
properties of the newly developed HAp/DN gel with those of con-
ventional DN gel.

Methods and Materials: In vitro comparisons of the material pro-
perties of the HAp/DN and DN gels were performed using termo-
gravimetric differential thermal analysis and biomechanical com-
pression testing. In vivo behaviors of the gels were evaluated using 
a total of 21 rabbits. A HAp/DN or DN gel plug was implanted into 
the femoral trochlea defects. Animals were sacrificed at 1, 2, and 4 
weeks after implantation. The knee joints were used for histological 
(HE, Villanueva bone stain) and biomechanical evaluations. Micro 
CT analysis was also performed to evaluate the degree of bonding 
between the gel and bone surface.

 

Results: For the ultimate stress, strain at failure, and terminal modu-
lus, there were no statistical differences between the DN and HAp/
DN gels. Histology showed that there was bone formation around 
the HAp/DN gel at 2 and 4 weeks. Concerning the bone-bonding 
properties, the maximum load of the HAp/DN gel was significantly 
higher than the DN gel (p<0.001), and the value at 4 weeks was si-
gnificantly higher than 2 weeks (p<0.0001). The total bonding area 
of the HAp/DN gel was significantly greater at 4 weeks than 2 weeks 
(p=0.0169).
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Conclusion: The HAp/DN gel can be firmly and biologically adhered 
to the bone in vivo. The HAp/DN gel has added an additional useful 
feature to DN gel, which will make a substantial advance in the de-
velopment of an artificial cartilage possible.

16.2.6
In Vitro Evaluation of Bone Marrow Aspirate Concentrate 
Combined with BST-CarGel® as a New Injectable Treatment for 
Cartilage Repair.
C. Marchand1, R.L. Williams2, L.M. Grover2, M. Snow2 
1Laval/Canada, 2Birmingham/United Kingdom

Purpose: BST-CarGel® is a chitosan-based medical device intended 
to physically stabilize a clot that guides and enhances marrow-de-
rived repair response to treat articular cartilage defects. The aim of 
this study was to determine if BST-CarGel® could be combined with 
Bone Marrow Aspirate Concentrate (BMAC) to create a cell seeded 
implant which would solidify in situ, have similar in vitro properties 
and advantages as BST-CarGel®/Whole Blood(WB) product.

Methods and Materials: Bone marrow(BM) was withdrawn from 
the anterior iliac crest of 4 donors using syringes pre-loaded with 
sodium heparin, and concentrated using Harvest BMAC®, Smart-
Prep2® system. The BMAC cell pellet was resuspended in plasma 
to a final volume of 10 mL and analyzed for cellular composition. 
Upon mixture with BST-CarGel®, the coagulation was re-activated 
with Plateltex®-Act(batroxobin). BST-CarGel®/BMAC clot properties 
were evaluated using an in vitro model where 0.35 mL clots were 
generated in glass test tubes incubated at 37°C and tested for clot 
retraction, clotting time and appearance. Chitosan distribution 
among clots and cellular morphology were further characterized by 
histology. Cellular viability of clots placed in chondrogenic culture 
media were also analyzed using 3D confocal microscopy.

Results: The average white blood cell concentration factor obtained 
for BMAC was 6.9X compared to BM. BST-CarGel®/BMAC clots re-
vealed a 12.3% clot retraction with a 5 minutes (min.) clotting time 
compared to BST-CarGel®/WB clots (2.6%; 15min.) and WB (51.9%; 
15min.). A homogenous distribution of chitosan among all blood 
components and normal cellular morphology were observed on hi-
stology. Cell viability was observed within the BST-CarGel®/BMAC 
implant and until natural clot degradation.

Conclusion: BST-CarGel® can be combined with BMAC, as per the 
methodology described to achieve an implant with similar in vitro 
properties as the current marketed product. Cell viability was obser-
ved until natural implant degradation. This combination potentially 
allows for a new single stage cell based treatment to repair challen-
ging articular cartilage defects.

16.2.7
Bone Marrow Stimulation Technique Augmented By Ultrapurified 
Alginate Gel Enhances Osteochondral Repair In A Rabbit Model
R. Baba, T. Onodera, F. Sasazawa, D. Momma, M. Matsuoka,
K. Hontani, N. Iwasaki 
Sapporo/Japan

Purpose: The reparative tissues after bone marrow stimulation are 
mainly fibrocartilages. Since ultrapurified alginate gel (UPAL gel) can 
enhance chondrogenic differentiation of bone marrow derived me-
senchymal stem cells, it can be expected to act as a scaffold to indu-
ce hyaline-like cartilage repair. Because of this we focused on using 
UPAL gel as an adjuvant scaffold in combination with bone marrow 
stimulation technique and assessed its efficacy in rabbit models.

Methods and Materials: A full-thickness osteochondral defect (4 
mm in diameter and 2 mm in depth) was created in the patellar groo-
ve in 30 male Japanese white rabbits (9 months old). We divided 
the osteochondral defects into three groups; the defects without 
intervention (Group D), the defects with bone marrow stimulation 
(Group MS), and the defects with bone marrow stimulation augmen-
ted by UPAL gel (Group MSG). At 4 and 16 weeks postoperatively, 
macroscopic evaluation, histological evaluation (n = 5), and quan-
titative evaluation of the repaired subchondral bone by micro-CT (n 
= 5) were performed.

Results: At 16 weeks postoperatively, the reparative tissues in 
Group MSG were mostly hyaline-like cartilage. The macroscopic 
and histological scores of Group MSG were significantly better than 
those of other groups. Although the repaired subchondral bone 
volumes of Group MS and MSG tended to be larger than those of 
Group D, there was no significant difference among groups.

Conclusion: Bone marrow stimulation technique augmented by 
UPAL gel elicited hyaline-like cartilage repair. Although there was 
a concern that UPAL gel might prevent the subchondral bone repair 
alternative to accelerate chondrogenic differentiation, UPAL gel 
augmentation didn’t prevent subchondral bone repair. This method 
has the potential to improve the clinical outcome after bone marrow 
stimulation without loss of its technical simplicity.

16.2.8
Mechanisms of Stem Cell Differentiation on Chondroinductive 
Cellulose-Silk Polymer Blend Surfaces
R. Begum, S.S. Rahatekar, W. Kafienah 
Bristol/United Kingdom

Results: hMSCs seeded on blends showed reduced cell stretch and 
diffuse focal adhesion staining relative to cells on plastic (Figure 1). 
Inhibition of NMMII using blebbistatin reduced adhesion staining. 
However, use of this inhibitor did not interfere with blend chondro-
inductive capacity, maintaining chondrogenic gene expression. In-
hibition of the TGFβ-Smad pathway on blend surfaces resulted in a 
significant upregulation of aggrecan expression whilst maintaining 
hMSC chondrogenesis.
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Conclusion: The surface of cellulose-silk blend modulates hMSC 
chondro-differentiation independently of NMMII activation or Smad 
2/3 phosphorylation. The results suggest that physiochemical in-
teraction of the blend surface involves alternative chondrogenic si-
gnalling pathway(s) that warrant further investigation. The elucida-
tion of such pathways will permit better design of chondroinductive 
biomaterials.

16.2.9
Integration Advantages of Hydrogel & Solid Matrix with a Solid-
Supported Chitosan Thermogel for Cartilage Tissue Engineering
H. Huang, X. Zhang, J. Zhu, Y. Ao 
Beijing/China

Purpose: Hydrogels are attractive for cartilage tissue engineering 
because of their high plasticity and similarity with the native carti-
lage matrix. However, one critical drawback of hydrogels for osteo-
chondral repair is their inadequate mechanical strength. To address 
this limitation, we constructed a solid-supported thermogel compri-
sing a chitosan hydrogel system and demineralized bone matrix.

Methods and Materials: In this study, we constructed a hybrid scaf-
fold comprising a chitosan thermogel and demineralized bone ma-
trix (DBM). Scanning electron microscopy, the equilibrium scanning 
ratio, the biodegradation rate, biomechanical tests, biochemical 
assays, metabolic activity tests, immunostaining and cartilage-spe-
cific gene expression analysis were used to evaluate the solid-sup-
ported thermogel.

Results: Compared with pure hydrogel or demineralized matrix, the 
hybrid biomaterial showed superior porosity, equilibrium swelling 
and degradation rate. The hybrid scaffolds exhibited an increased 
mechanical strength: 75% and 30% higher compared with pure 
hydrogels and demineralized matrix, respectively. After three days 
culture, bone-derived mesenchymal stem cells (BMSCs) maintained 
viability above 90% in all three materials; however, the cell retenti-
on of the hybrid scaffolds was more efficient and uniform than the 
other materials. Matrix production and chondrogenic differentiation 
of BMSCs in the hybrid scaffolds were superior to its precursors, 
based on glycosaminoglycan quantification and hyaline cartilage 
marker expression after three weeks in culture.

 

Conclusion: In this article, combining a chitosan thermogel and 
demineralized bone matrix produced a solid-supported hydrogel, 
which can retain more cells homogeneously with chitosan’s sol–gel 
transition and provide sufficient strength for cartilage tissue engi-
neering. Moreover, the differences in degradation kinetics between 
the two compositions provided a 3D microenvironment that was 
temporally and spatially suited for MSC proliferation and chondro-
genesis within this hybrid scaffold. Its easy preparation, favourable 
biophysical properties and chondrogenic capacity indicated that 
this solid-supported thermogel could be an attractive biomaterial 
framework for cartilage tissue engineering.

16.2.10
Hypoxic Expansion of Bone Marrow Mononucleated Cells in 
Porous Collagen Scaffolds Improves Chondrogenesis
J. Jomha, A. Mulet-Sierra, N.M. Jomha, A. Adesida 
Edmonton/Canada

Purpose: Mesenchymal stem cells (MSCs) are isolated via plastic 
adherence monolayer (2D) culture of stromal derived mononuclea-
ted cells (MNCs) under normoxia (21%TM). Expansion in 2D compro-
mises MSC chondrogenesis. Hypoxia (3%TM) has been reported to 
enhance MSC chondrogenesis. This study characterized chondroge-
nesis after 2D and three-dimensional (3D) expansion of MNCs. We 
hypothesized that 3D expansion of MNCs under 3%TM would enhan-
ce chondrogenesis.

Methods and Materials: Bone marrow aspirates were obtained 
from four males. 1 million MNCs were seeded onto porous 3D col-
lagen scaffolds (MNC-scaffold groups) and placed in expansion me-
dium for 2 weeks under 3% or 21% TM. Thereafter, constructs were 
placed in a defined chondrogenic media (SFCM) for 3 weeks. For the 
2D study aspect, 1 million MNCs were seeded per cm2 of 2D pla-
stic surface. The MNCs were expanded under 3% and 21% TM until 
passage 2 (MSCs at p2). 1 million MSCs at p2 were seeded onto 
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porous collagen scaffolds (MSC-scaffold groups). The MSC-scaffold 
constructs were cultured in SFCM for 3 weeks under 3% or 21% TM. 
After 3 weeks, all groups were processed for glycosaminoglycan 
(GAG), DNA, histology and gene expression. Statistical analysis in-
cluded two-tailed t-test with p<0.05 considered significant.

Results: The GAG and DNA contents of MNC-scaffold groups were 
significantly different between 3% and 21% TM. The tissues formed 
were histologically similar and positive for safranin O and collagen 
II. However, gene expression analysis revealed significant diffe-
rences; aggrecan, collagen II and chondromodulin up-regulated 
3-fold (p=0.02), 2.5-fold (p=0.05) and 4-fold (p=0.02) under 3%TM, 
respectively (Figure 1). The GAG and DNA contents of MSC-scaffold 
groups were not significantly different between 3% and 21% TM. Sa-
franin O and collagen II staining were also similar. Additionally, the 
gene expression data were not significantly different between 3% 
and 21% TM (Figure 2).

 

Conclusion: The combination of hypoxia and a 3D microenviron-
ment enhanced the chondrogenesis of MNCs.

16.3.1
Introduction & Overview
W. Richter 
Heidelberg/Germany

16.3.2
Allogeneic Mesenchymal Stem Cells are Safe & Stimulate 
Cartilage Regeneration Upon Co-Implantation with Chondrons in 
the IMPACT Trial
T.S. De Windt1, L.A. Vonk1, I.C. Slaper-Cortenbach1, M.H.P. Van Rijen1, 
W.J.A. Dhert1, D.B. Saris2 
1Utrecht/Netherlands, 2Enschede/Netherlands

Purpose: The purpose of this study is to demonstrate safety and 
efficacy of the investigator-driven Instant MSC Product accompa-
nying Autologous Chondron Transplantation (IMPACT) regenerative 
therapy that uses a mix of allogeneic mesenchymal stromal cells 
(MSCs) implanted with defect rim-derived autologous chondrons 
for treatment of symptomatic focal cartilage defects in the knee.

Methods and Materials: A total of 35 patients were treated in this 
first-in-man trial. All patients (age 18-45) had a focal defect on the 
femoral condyle or trochlea (3.6 ± 0.7 cm2). Cartilage defects were 
treated with freshly isolated autologous chondrons and allogeneic 
bone marrow-MSCs, which were implanted in fibrin glue within one 
surgical procedure (Fig. 1). Clinical monitoring was performed by an 
independent rheumatologist and data safety monitoring board. Cli-
nical outcome was measured by the VAS-pain and KOOS score (pre-
operatively, and at 3, 6 and 12 months) and structural outcome with 
MRI and a second-look arthroscopy at 12 months. Biopsies were 
used for histological analysis and DNA tracking with short tandem 
repeat (STR) analysis.

Results: No serious adverse events were found. All patients showed 
considerable clinical relevant and statistically significant improve-
ment in the VAS and KOOS scores. The first ten patients showed ex-
cellent clinical outcome at the 12-month time point. MRI scans and 
second look arthroscopies in these patients indicated good defect 
fill and reliable integration with native tissue. Histological analysis 
of the biopsies showed hyaline cartilage-like repair (Fig. 2). No DNA 
of the allogeneic MSCs could be detected in the biopsies.

 

Conclusion: This is the first study to show preliminary safety of allo-
geneic MSCs, which together with autologous chondrons stimulate 
cartilage regeneration. Regenerated cartilage consisted of autolo-
gous cells only indicating a trophic instead of a differentiation effect 
of allogeneic MSCs. These findings are promising as a new road has 
been opened in terms of safety of single-stage cartilage repair using 
allogeneic stem cells.

16.3.3
Chondrogenic Differentiation of Mouse Induced Pluripotent Stem 
Cells (iPSCs) using Ultra-Purified Alginate Gel (UPAL Gel)
K. Hontani, T. Onodera, D. Momma, M. Matsuoka, R. Baba, N. Iwasaki 
Sapporo/Japan

Purpose: Induced pluripotent stem cells (iPSCs) are expected as no-
vel cell sources for cartilage repair; however, the optimal method for 
differentiating iPSCs into chondrocytes has never been established. 
Alginate gel is known to have a potential to differentiate bone mar-
row stromal cells (BMSCs) into chondrocytes. The aim of this study 
is to evaluate the chondrogenic differentiation capability of mouse 
iPSCs using ultra-purified alginate gel (UPAL gel).

Methods and Materials: iPSC-derived progenitors (iPS-MSCs) were 
generated from mouse iPSCs under feeder-free conditions in the 
MSC induction media including serum and bFGF. iPS-MSCs, BMSCs, 
and iPSCs were encapsulated in the UPAL gel and were cultured in 
the chondrogenic media including BMP-2. Mesenchymal differenti-
ation was evaluated by real-time RT-PCR and flow cytometry; and 
chondrogenic differentiation was evaluated by real-time RT-PCR.

Results: The expressions of stem cell markers such as Oct3/4, Na-
nog, and Klf4 in iPS-MSCs were diminished in real time RT-PCR. In 
addition, the expressions of mesenchymal stem cell markers in iPS-
MSCs were enhanced in flow cytometry.iPS-MSCs and BMSCs after 



Free Papers 110

three dimensional culture sequentially up-regulated the expressi-
ons of SOX9, type II collagen and aggrecan without the enhance-
ment of Runx2 and PPARγ expressions. On the other hand, three 
dimensional culture with UPAL gel in iPSCs enhanced the expres-
sions of SOX9, type II collagen, Runx2 and PPARγ without the up-
regulation of aggrecan expression.

 

Conclusion: Three dimensional culture with UPAL gel could diffe-
rentiate iPS-MSCs into chondrocyte, whereas it could not control 
multi-differential potential in iPSCs. The chondrogenic differentiati-
on using UPAL gel requires stepwise differentiation via iPS-MSCs for 
the differentiation of iPSCs into chondrocyte at this time.

16.3.4
Unraveling Chondrocyte & MSC Cocultures: Direct Cell-cell 
Contact & Chondroinduction are Key Mechanisms for Cartilage 
Regeneration
T.S. De Windt1, D.B. Saris2, I.C. Slaper-Cortenbach1, M.H.P. Van Rijen1, 
W.J.A. Dhert1, L.A. Vonk1 
1Utrecht/Netherlands, 2Enschede/Netherlands

Results: For alginate, no statistically significant differences in GAG 
content were found between direct and indirect AC-MSC cocultures 
(Fig. 1). Similar GAG content was found when MSCs were replaced 
by DFs. In both fibrin glue and pellet cocultures, in which cell-cell 
contact could be confirmed, a higher GAG content than indirect co-
cultures was found which could not be reached with DFs nor con-
ditioned medium. The STR analysis revealed that the percentages 
of ACs increased, while those of MSCs and DFs decreased (Fig. 2). 
Positive calcein staining was found after 24 hours in initially unla-
belled ACs or MSCs in direct coculture with DiI-calcein double-label-
led MSCs or ACs, respectively. The formation of gap-junctions was 
supported by positive connexin-43 staining in the direct cocultures.

 

16.3.5
Use of Expanded Autologous MSC (Mesenchymal stem cells) 
Injections after Complex Cartilage FAI Hip Scope Procedure. 1 to 
3.5 years Follow up.
R. Mardones, L. Tovar, A. Tomic, C. Diaz, M. Salineros 
Santiago/Chile

Purpose: Retrospectively evaluate functional outcome and potenti-
al complication of complex / advanced cartilage FAI / Hip problems 
arthroscopically treated with the coadyudance of expanded MSC 
injections 4 to 6 weeks after surgery with at least 1 year follow up

Methods and Materials: Retrospectively review data from patient 
that received autologous MSC expanded (3 injections of 20x106 cells 
one week apart 4 to 6 weeks after surgery) after complex/advanced 
cartilage FAI / Hip problems including any of the following criteria: 
age over 50 and or diffuse cartilage damage (DJD) and or less than 
2 mm joint space on x-ray important (>2cm2) grade IV chondral le-
sión. Short therm complication after the injection (infection / pain / 
arthritis) and pre and last post op WOMAC / HOSS / mmHHS were 
evaluated in-patient with at least one year follow up. We compare 
this with a similar historical control of 20 patients with similar com-
plex pathology treated without MSC coadyudance

Results: 20 patient meet this criteria Average preop womac / HOOS 
/ mHHS increased with significant differences. There were no infec-
tion or major complications with after the any of the 3 injections per 
patient. 3 patients had important pain 1-5 days after the second or 
third injection all relieve by oral pain medication. There was 1 failure 
(THA) after at least one year follow up or latest follow up. 1 patient 
required a re injection 2 years after the hip scope and showed pain 
relief up to last follow up (1.5 more years)

Conclusion: MSC in 3 injections of 20 x 106 cells in combination with 
Hip Arthroscopy treatment improve the quality of life and functio-
nal score in patient with complex/advanced cartilage FAI derived 
hip problems with no major complication. This group demonstrate 
much less failure than our historical control (20% at 1 year / 25% fat 
2 years v/s 5%)

16.3.6
Potential Repair of Cartilage using a Novel Source of 
Mesenchymal Stem Cells
J. Wu1, S. Shimmon1, A. Zannettino2, S. Gronthos2, P. Ghosh3 
1Sydney/Australia, 2Adelaide/Australia, 3Melbourne/Australia

Purpose: Mesenchymal Stem Cells (MSC) derived from bone mar-
row or adipose tissues have been used for the repair of cartilage 
defects and in osteoarthritis but their acquisition requires the use 
of invasive surgery. Human Periodontal Ligament Stem Cells (PDL-
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SCs) can be isolated from impacted third or premolar teeth follow-
ing their routine extraction and cryopreserved for future use. The 
present study was undertaken to ascertain if PDLSCs could be indu-
ced to produce a cartilage matrix when co-cultured with Pentosan 
Polysulfate (PPS), an agent known to stimulate chondrogenic diffe-
rentiation of MSC.

Methods and Materials: Peridontal ligament tissue was dissected 
from extracted molars and PDLSCs isolated by STRO-1+ immuno-
selection. Culture expanded PDLSCs expressed the MSC markers 
(STRO-1 and CD146/ MUC18) and were maintained in monolayer or 
micromass cultures (10 x 106 cells) with DMEM + 10% FBS for up to 
7 days in the absence (control) or presence of PPS (0 - 20µg/mL). 
Following culture, media and deposited matrix were analysed for 
proteoglycans (PGs), using a radioassay for 35S-glycosaminoglycans 
and a Sirius – Red assay kit for collagen content. PDLSC viability, 
apoptosis and DNA content were determined post freeze - thawing 
using the WST8, Tunnel and Roche assay kits respectively.

Results: PDLSCs exhibited a concentration dependent stimulation 
of PG and collagen synthesis. Maximal PG production (5.5 x control) 
was observed at 10 µg/ mL (p < 0.0005), while peak collagen synthe-
sis (2.5 x control matrix) occurred with 2.5 µg/ mL (p < 0.005). Over 
the range of 1 – 20 µg/ mL PDLSC viability was increased by 40%. 
Pre-incubation of PDLSC with 5 µg/mL PPS for 20 hours followed by 
freeze – thawing reduced apoptosis by 25% relative to control (p < 
0.005).

Conclusion: This study has demonstrated that PDLSCs when cul-
tured with PPS deposited a PG rich cartilage matrix thereby iden-
tifying their potential application for repair of cartilage.

16.3.7
Stage-specific Modulation of miRNA Expression during 
Chondrogenic Differentiation of Human Mesenchymal Stromal 
Cells
J. Gabler, M. Ruetze, K.L. Kynast, S.K. Schneider, T. Grossner, W. Richter 
Heidelberg/Germany

Purpose: The in vitro-induced chondrogenic differentiation of hu-
man mesenchymal stromal cells (MSC) into a chondrocyte-like phe-
notype recapitulates successive stages of embryonic chondrocyte 
development (Dexheimer et al., Stem Cells Dev., 2012, 21(12):2160-
9). In the first stage, cells condense, adapt to high density micro-
mass culture with low nutrients, hypoxia and TGF-ß stimulation. Af-
ter this catabolic phase, proliferation of chondroprogenitors starts 
(day 14) with differentiation into chondrocytes by day 21. Hypertro-
phy and terminal differentiation are late stages of cell development. 
Since miRNAs fine-tune the transcriptome post-transcriptionally, 
aim of this study was to unravel miRNA profiles reflecting these four 
developmental stages in order to obtain new differentiation mar-
kers and potential new targets to optimize differentiation outcome.

Methods and Materials: MSC populations were subjected to chon-
drogenesis in 3D-pellet culture for 42 days. At five defined time 
points miRNA profiles were determined by miRNA microarray analy-
sis. Results were evaluated via ANOVA and t-Test and regulation of 
selected miRNAs was verified by qRT-PCR.

Results: The first catabolic phase revealed 65 significantly regula-
ted miRNAs of which 50 miRNAs were down-regulated more than 
2-fold. Five miRNAs were up-regulated with the same cut-off. The 
chondroblast stage displayed a strong up-regulation of hsa-miR-
140-5p (9.55-fold). During further chondrocyte development, six 
miRNAs were significantly regulated from day 14 to 21 while hsa-
miR-140-3p (2.6-fold) was the only miRNA modulated during the 
late phase of chondrogenic development. Hierarchical clustering 
allowed to define a distinct miRNA expression pattern representa-
tive for each specific phase of chondrogenesis of the 169 miRNAs 
sicnificantly regulated during chondrogenesis.

Conclusion: The identification and characterisation of miRNA pro-
files in succesive stages of chondrocyte differentiation suggests 
that miRNAs exert imperative functions during chondrogenic diffe-
rentiation of MSC.

16.3.8
Promoting Endogenous Repair of Growth Plate Cartilage 
by Enhancing Mesenchymal Stem Cell Recruitment & 
Chondrogenesis
N. Shaw1, M. Sauque1, M.S. Riederer2, N. Hadley-Miller1, M.D. Krebs2, 
K.A. Payne1 
1Aurora/United States of America, 2Golden/United States of America

Purpose: Damaged growth plate cartilage is often replaced by bony 
tissue that can negatively affect bone growth. To promote cartilage 
regeneration, we propose a dual-delivery hydrogel system that will 
rapidly release migratory factors to recruit mesenchymal stem cells 
(MSCs) to the injury site and slower release of chondrogenic fac-
tors to promote MSC chondrogenesis. The study goals were to (1) 
identify optimal chemoattractants for MSCs, (2) develop a hydrogel 
system for sequential release of chemoattractant and chondrogenic 
factors, and (3) establish a rat growth plate injury model to test this 
hydrogel system.

Methods and Materials: Rat MSCs were exposed to chemoattrac-
tants SDF1α, CCL25, XCL1, and CXCL10 in a chemotaxis assay and 
migrated cells counted. Chitosan microspheres were produced 
and incorporated into an alginate hydrogel. Initial protein release 
was characterized by loading BSA into either the alginate or the 
microspheres, and quantifying its release. To induce bony tissue 
formation, a 2-mm defect was drilled in the tibial growth plate of 
6-week-old rats. At 7 and 28 days post-injury, tibias were collected 
for micro-CT analysis and histology. 

Results: XCL-1 demonstrated the lowest migratory effect, while 
no significant difference was observed between SDF1α, CCL25 and 
CXCL10 (Fig. 1). BSA release from the hydrogel system revealed that 
protein is released rapidly from alginate only, but in a much slower 
and more linear fashion when incorporated into chitosan micros-
pheres embedded in the alginate hydrogel. Histology and Micro-CT 
data demonstrated bone tissue formation at 7- and 28-days post-
injury (Fig.2).

 

Conclusion: A dual delivery injectable hydrogel system has been de-
veloped where SDF1α, CCL25 or CXCL10 can be rapidly released from 
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the alginate to first recruit endogenous MSCs, and then the chito-
san microspheres can release a chondrogenic factor to encourage 
MSCs to form cartilage tissue rather than bone tissue. This hydrogel 
system has the potential to become a novel treatment option for 
growth plate injuries.

16.3.9
Attachment Time of Human Stem Cells from Bone Reaming 
Debris on the Subchondral Bone Plate
J. Mika, K. Trinkaus, U. Sommer, O. Dakischew, G.S. Maier, C. Heiss 
Giessen/Germany

Purpose: The autologous chondrocyte implantation (ACI) is the 
classic cartilage regeneration procedure. Recently bone marrow 
mesenchymal stem cells (BMSC) have been described as an option 
for articular cartilage regeneration (1) and bone reaming debris as a 
source of multipotent stem cells (2). The goal was to show that mul-
tipotent stem cells from reaming debris will attach on a subchondral 
bone plate and to determine the spontaneous attachment time of 
those cells to prevent them from being washed away during a sur-
gical procedure.

Methods and Materials: Six defects on the condyles of a bovine 
femoral subchondral bone plate were prepared in vitro using tra-
ditional debridement for ACI. The force on the ring curette was 15.2 
± 0.4 N (3). The diameter of each defect measured 5mm. Cells were 
cultured from bone reaming debris and than seeded into the defects 
with a density of 5000/9µl PBS each. One defect remained without 
cells as a control. The other defects were rinsed after 3,5,10,20,30 
minutes, respectively. Effects were analyzed by fluorescence and 
electron microscopy (Figure 3).

Results: Fluorescence microscopy: 3min.: 11; 5min.: 48; 10min.: 
21; 20min.: 48; 30min.: 87 cells/visual field. Some cells attached 
as early as three minutes after seeding. At 5 and 20 minutes the 
same amount of attached cells was counted. Cells already clearly 
started to spread out at 5 minutes (Figure 1) and even much more 
at 30 minutes (Figure 2). At the 10 minute timepoint, the number of 
cells counted was lower than expected.

Conclusion: Multipotent stem cells from human bone reaming 
debris do attach spontaneously on a subchondral bone plate and 
therefore could be a source of cells for articular cartilage regenera-
tion. In addition, these cells already attach in an increasing number 
after 5 minutes, which would reduce the potential operating time.

16.3.10
Adipose Derived Mesenchymal Stem Cell With Microfracture 
Versus Microfracture Alone Two-Year Follow-up of a Prospective 
Randomized Trial
Y.J. Choi, Y.G. Koh, Y.S. Kim 
Seoul/Korea

Purpose: To compare the clinical efficacy and safety the efficacy 
and safety of adipose-derived stem cells (ADSC) with microfracture 
(MFX) versus MFX alone for treating cartilage defects. 

Methods and Materials: Patients aged 18 to 50 years with single 
ICRS grade III/IV symptomatic cartilage defects (≥3 cm2) of the femo-
ral condyles were randomized to ADSC and MFX treatment (n = 40) 
or MFX treatment alone (n = 40). The primary end points of repair 
tissue quantity and quality at twenty-four months were assessed 
by serial MRI. The secondary end point at twenty-four months was 
clinical benefit determined with the KOOS. Among a total of 80 pa-
tients, second-look arthroscopies were performed 57 knees. Biopsy 
at second-look arthroscopy was performed on 18 patients in ADSC + 
MFX group and 16 patients in MFX alone group.

Results: Patients had a mean age of 38±8 years and a mean lesion 
size of 4.5±2.1 cm2. In ADSC + MSC group, with 26 patients (65%) 
who had complete cartilage coverage of their lesions versus 18 pati-
ents (45%) in the MFX alone group. The mean KOOS pain and sym-
ptoms subscores from baseline to 2 years were significantly more 
improved with ADSC + MFX than with MFX alone. Repair tissue qua-
lity was good as assessed by second look arthroscopy, but no diffe-
rence was shown between treatments. According to the ICRS overall 

repair grades, in ADSC + MFX group, 4 of the 30 lesions (13.3%) was 
grade I (normal), 15 (50%) were grade II (near normal). The total 
ICRS II histologic scores for the ADSC + MFX group averaged 1,054 
and they averaged 967 for the MFX alone group (P < .036). 

Conclusion: The treatment of symptomatic cartilage knee defects ≥3 
cm2 in size using ADSC and MFX treatment was clinically and stati-
stically significantly better than with MFX alone, with similar struc-
tural repair tissue and safety.

16.4.2
Knee Bone Curvature Changes in OA Subjects as Detected on MRI 
Can Predict Who Will progress to TKR in Five Years: Data From 
the OAI
J. Farber1, J. Tamez-Pena2, D. Hunter3, M. Hannon4, S. Totterman5,
Z. Wang4, R. Boudreau4, K. Kwoh6 
1Cincinnati/United States of America, 2Monterrey/Mexico, 3Sydney/
Australia, 4Pittsburgh/United States of America, 5Rochester/United 
States of America, 6Tuscon/United States of America

Purpose: Osteoarthritis (OA) is a multifactorial disease. In the knee, 
end-stage disease is characterized by joint space narrowing, articu-
lar cartilage and meniscal maceration, and curvature changes of the 
subchondral, articular bone. This work examines the relationship 
between curvature changes - as detected on MRI - as a biomarker for 
end-stage OA, defined here as the need for total knee replacement 
(TKR) within five years of the detection of these curvature changes. 

Methods and Materials: Case and control pairs were selected from 
4,796 participants from the Osteoarthritis Initiative (OAI). End-stage 
cases (n=119) were participants who received a TKR. Matched con-
trols were selected with the same Kellgren-Lawrence (KL), sex and 
age within 5 years. Time-points included the defining event (TO), 
(TKR performed), and available preceding time-points. OAI 3D WE 
DESS images were used for curvature measurements. Measure-
ments for total and sub-regional articulating bone surfaces were 
obtained using segmentation software. Mean and standard deviati-
on of curvature and joint space longitudinal measurements for case 
and control cohorts were analyzed using a generalized estimating 
equation model to account for the interdependence between longi-
tudinal outcomes. 

Results: There were statistically significant differences (p<0.05) 
between case and control pairs for end-stage OA for the whole fe-
mur and for the central medial femoral condyle. In general, the in-
volved bone of the TKR cohort were flatter than the control group at 
the initial time of examination (Fig 1).

 

Conclusion: The TKR cohort had curvature changes significantly dif-
ferent at the time of the initial MRI from a similarly matched cohort. 
Initial changes of the femur were a greater indicator of eventual TKR 
than the tibia. Standard deviation curvature changes that were si-
gnificantly different in the TKR cohort were seen for the entire femur 
and in the central medial femur. The changes in the femur and this 
region served as an effective biomarker for end-stage OA.
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16.4.3
The Effect of Condyle Width on Contact Pressures of Various 
Sized Chondral Lesions
S.L. Sherman1, M.A. Mooberry1, A.J. Polk1, F. Pfeiffer2 
1Columbia/United States of America, 2Boonville/United States of 
America

Purpose: The relationship between chondral lesion size and condy-
le width is not fully understood. This cadaveric study investigates 
the effect of condyle width on contact pressures of various sized 
chondral lesions.

Methods and Materials: Eighteen medial and lateral femoral hemi-
condyles were grouped into 3 cohorts (small, medium, large) based 
on direct and radiographic evaluation of condyle width. A contact 
pressure model was created (Figure 1). Each condyle underwent 
compression testing under loads from 10N-500N in the following 
conditions: Normal, 1 cm2, 2 cm2, 4 cm2 chondral lesion (Figure 2). 
Peak contact areas and pressures were determined by Tekscan and 
results compared statistically.

 

Results: No statistically significant difference in peak contact pres-
sure was measured between small, medium, or large condyles when 
no defect was present. Increasing defect size in the lateral condyles 
significantly increased the peak contact pressure in the small and 
medium cohorts to a greater degree than the large condyle cohort. 
Increasing defect size in the medial condyles significantly increased 
the peak contact pressure in the small cohort to a much greater de-
gree than in the medium and large cohorts.

Conclusion: Condyle width has an influence on peak contact area 
and pressures produced by chondral lesions of the femoral con-
dyles. Similar sized chondral lesions more profoundly increase 
contact pressures in smaller condyles. Future cartilage treatment 
algorithms should consider including both lesion size and condyle 
width to better define the biomechanical effects of these lesions.

16.4.4
Hyperoxic Treatment after Cartilage Injury Protects Against Cell 
Death
K.D. Novakofski1, R. Williams1, S. Rodeo2, L. Fortier1 
1Ithaca/United States of America, 2New York/United States of America

Purpose: Oxygen may have a role in the pathogenesis of osteoar-
thritis (OA). In healthy cartilage, oxygen tension is estimated to be 
6% at the cartilage surface. In OA, synovial fluid has been reported 
to be as high as 9% to 10% TM. The effect of oxygen during early 
stages of cartilage mechanical injury was evaluated in the present 
study.

Methods and Materials: Cartilage explants were harvested from 
bovine (“young” 12-18 months, n=6; “mature” 24-36 months, n=5) 
distal metatarsus. Explants were injured with 30 MPa loading within 
1 second, recovered for 60 minutes, and cultured for 3 days under 
the following conditions: loading at 5% TM — 60 minute recovery at 
5% TM — 3 day culture at 5% TM (static normoxic), 5—21—5 (hyper-
oxic recovery), 21—5—5 (hyperoxic injury), and 21—21—21 (static 
hyperoxic). Uninjured controls were treated with the same condi-
tions. Cell viability was quantified after 3 days using calcein AM and 
ethidium homodimer-1 staining with confocal microscopy (Figure 1).

 

Results: After injury, hyperoxic recovery groups (5—21—5 and 21—
21—21) had significantly less decrease in cell viability after injury 
(mean= -24.3, SE=3.1%) than normoxic recovery samples (5—5—5 
and 21—5—5, mean= -39.1%, SE=4.7%, p=0.015). This difference 
was more prominent in mature groups, with viability in mature hy-
peroxic groups (mean= -24.1%, SE=4.1%) out-performing normoxic 
recovery groups (mean= -44.5%, SE=5.8%, p=0.011, Figure 2).
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Conclusion: This work demonstrated that hyperoxic oxygen might 
have a potential role for therapeutic treatment after injury. Short 
term exposure to hyperoxic conditions may improve viability after 
injury. This effect could result from increased synthetic activity that 
has been shown to occur at hyperoxia. Hyperoxic treatment follow-
ing joint injury may minimize cell death and help prevent the deve-
lopment of PTOA. This finding could have consequences for future 
injury treatment, including hyperbaric or high oxygen treatments.

16.4.5
Biological Response Following Inlay Arthroplasty Of The Knee
T. Beyzadeoglu 
Istanbul/Turkey

Purpose: Inlay arthroplasty is a promising new direction in primary 
joint replacement that avoids excessive bone resection and the re-
approximation of joint height and contour seen in traditional onlay 
concepts. A previous basic science report described cartilage con-
fluence over the edge of inlay components; however, reports from 
human observations have not been decribed in the literature. The 
results of second-look arthroscopy providing insight into the biolo-
gical incorporation of these implants and their effects on opposing 
surfaces are presented.

Methods and Materials: Forty-one knees (35 patients) were treated 
for symptomatic mono- and bicompartmental arthrosis with inlay 
arthroplasty. Varus malalignment was corrected concominantly. 
High tibial osteotomy plate removal due to pes anserinus irritati-
on was performed postoperatively at a mean of 14 months (12-19) 
in 26 knees. The mean age of these patients was 52 years (43-67). 
All patients gave informed consent for a diagnostic arthroscopy 
without biopsy. 14 knees were treated with a 15 mm implant while 
12 had a 20 mm implant on the medial femoral condyle. 12 knees 
went concominant patellofemoral inlay arthroplasty. At the time of 
the diagnostic arthroscopy, implant stability, cartilage rim, ratio of 
implant surface coverage were measured and recorded. Opposing 
native cartilage surface were assessed.

Results: At arthroscopy, all implants were stable and showed rigid 
fixation within the implant bed. Peripheral area coverage of 15 mm 
implants was 12% (range 5%-25%), 20 mm implants showed 9% 
(range 5%-15%), and trochlear implants demosntrated 20% (range 
10%-40%). No erosive kissing lesionswere noted on opposing car-
tilage surface and no secondary articular cartilage defects or index 
lesion propagations were observed. One patient had a symptomatic 
loose body which was removed.

Conclusion: Inlay arthroplasty demonstrates favorable incorporati-
on into the host implant bed and does not seem to pose any imme-
diate deleterious effects on opposing articular cartilage. Preivous 
basic science reports have been confirmed with this human expe-
rience.

16.4.6
Cartilage Wear Against Metal & Ceramic Counterfaces
M.A. Wimmer, C.A. Pacione, L. Rappoport, S. Chubinskaya 
Chicago/United States of America

Purpose: Cartilage wear after hemi-arthroplasty and defect repair 
remains an unresolved issue. There are few studies with compa-
rative tribological data. Here we used a custom-built bioreactor to 
perform ex vivo testing under conditions that closely mimic the tri-
bology of human joint articulation.

Methods and Materials: The dual axis concept of this simulator 
approximates the rolling-gliding kinematics of the articular joint, 
wherein dynamic compression and shear are simultaneously ap-
plied (Figure). Eight 32 mm alumina (Biolox delta, CeramTec) and 
eight 32 mm cobalt-chromium (CoCr; Peter Brehm) femoral heads 
were obtained for comparison. Each head articulated against carti-
lage disks, harvested from six month old steer. Free-swelling con-
trol (FSC) disks were also obtained. Testing was conducted with an 
applied load of 2 MPa for three hours daily over 10 days in Mini ITS 
medium. To gauge matrix wear, PG/GAGs and hydroxyproline re-
lease were measured. Additionally, at test conclusion, chondrocyte 
survival (Live/Dead), histological analysis (Mankin) and cell activity 
(S35 radiolabel) were measured.

 

Results: More PG/GAGs were found in the medium of CoCr than 
alumina (n.s.; see Table), which was about twice the value of FSCs 
(p<.001). This ranking was similar for hydroxyproline, with CoCr 
showing more release than alumina (p=.008). There was a trend 
of more cells being alive in the superficial zone of disks articula-
ted against alumina compared with CoCr (p=0.1) with no difference 
to FSCs. Mankin scores were similar between disks tested against 
alumina and CoCr, but higher than FSCs (p<.05). After the test, me-
tabolic activity was similar between both materials (p=.45) but less 
than FSCs (p<.05).

 

Conclusion: In this ex vivo study, alumina showed less tissue dama-
ge than CoCr. Further work is necessary to elucidate the mechano-
biological reasons for damage. The apparatus provides a unique 
opportunity to assess early damage and observe its consequences 
longitudinally. This provides opportunities for material optimization 
to improve long-term survivorship in patients.

16.4.7
TissueGene-C (TG-C) in Patients with Osteoarthritis: A Placebo-
Controlled phase IIb Clinical Study in Korea
J.J. Cho, T.W. Kim, Y.M. Park, B. Lee 
Gwacheon-si/Korea

Purpose: TG-C is a cell mediated gene therapy that contains non-
transduced (hChonJ) and transduced (hChonJb#7) human allogeneic 
chondrocytes. The hChonJb#7 cells were transduced with TGF-β1 
gene by using retroviral vector and irradiated with gamma-ray. TG-C 
has been proved its efficacy and safety in preclinical studies in vitro 
and in vivo. TG-C has been tested in Phase I and Phase IIa clinical 



Free Papers115

studies in osteoarthritis (OA) patients and has proved its safety and 
efficacy in the patients.

Methods and Materials: The current placebo controlled phase IIb 
study was conducted to determine both safety and efficacy of TG-C 
in patients with OA of the knee. Participants (n = 54) with a confir-
med diagnosis of knee OA by X-ray and MRI were randomized into 
the treatment group (TG-C, 1.8x107cells/knee, n = 27) and the place-
bo group (saline, n = 27). The primary evaluation parameter was In-
ternational Knee Documentation Committee (IKDC) which measures 
pain, sports activities, and daily function. The secondary evaluation 
parameters were Western-Ontario and MacMaster University (WO-
MAC) score, Knee Injury and Osteoarthritis Outcome Score (KOOS), 
and 100 mm Visual Analogue Scale (VAS). These parameters were 
assessed at 12 and 24 weeks post treatment. For TG-C treatment 
group, we also evaluated the all evaluation parameters at 48 weeks 
post treatment. 

Results: TG-C treatment group showed improvement in IKDC, WO-
MAC, KOOS and 100 mm VAS scores compared to placebo group as 
shown in table 1. Table 1. Changes in Scores of the Primary and the 
Secondary Evaluation Parameters at 6 months post treatment 

TG-C placebo P values

IKDC 18.1±14.3 8.5±11.0 p<0.01 

WOMAC -15.4±16.7 -6.9±13.6 p<0.06 

KOOS -25.6±23.6 -14.3±18.1 p<0.02 

VAS -27.3±25.6 -11.7±18.0 p<0.05 

Conclusion: In summary, this Phase IIb study indicated that TG-C 
treatment improved pain, sports activities, and quality of daily life in 
patients with knee OA when compared to the placebo control.

16.4.8
Knee Joint Distraction compared with High Tibial Osteotomy: A 
Randomized Controlled Trial.
J.A.D. Van Der Woude1, R.J. Van Heerwaarden2, S. Spruijt2,
K. Wiegant1, P.M. Van Roermund1, D.B. Saris1, S.C. Mastbergen1, 
F.P.J.G. Lafeber1 
1Utrecht/Netherlands, 2Woerden/Netherlands

Purpose: Purpose: Knee joint distraction (KJD) results in clinical 
improvement and cartilage repair (Wiegant et al, 2013) in young, 
active patients with knee OA. Another knee preserving treatment, 
in medial compartment knee osteoarthritis, is a high tibial osteo-
tomy (HTO), which has good mid-term and longer follow-up results 
(Smith et al, 2011). However, no comparative data on efficacy is 
available. A RCT was set out and determined whether there was a 
clinical relevant difference in functional outcome after 1-year bet-
ween KJD and HTO.

Methods and Materials: METHODS: 69 patients with medial oste-
oarthritis were included and randomized to KJD (23 patients) or HTO 
(46 patients). A WOMAC questionnaire (100 being the best) was as-
sessed at baseline (BL) and 12 months. EQ-5D index score was used 
to assess improvement in the quality of life (1 being the best). Joint 
space width (JSW) of the medial compartment was determined on 
standardized semi-flexed x-rays at BL and 1-year.

Results: RESULTS: 45 patients received HTO and 22 patients KJD 
(table 1). Total WOMAC scores demonstrated significant clinical 
improvement in both groups. The KJD group increased from 57±17 
points at BL to 76±17 points at 1-year (p<0.001). Similarly, the HTO 
group had a score of 52±16 points at BL, which increased to 81±16 
points (p<0.001). Parallel results were seen for the VAS and the 
quality of life (table 2). None of the parameters showed a statistical 
significant difference between the two groups at 1-year (p=0.318, 
p=0.170 and p=0.787 resp.). Both the minimum and mean JSW sho-
wed a steeper increase in the KJD-group (table 2).

 

Conclusion: CONCLUSION: Six weeks of KJD does not lead to a clini-
cal relevant difference in outcome compared with HTO after 1-year. 
Importantly both KJD and HTO lead to substantial newly formed car-
tilage-like tissue with superiority of KJD. Thus KJD is an alternative 
option in patients less suitable for HTO.

16.4.9
Joint-preserving Reconstruction of Spontaneous Osteonecrosis of 
the Medial Femoral Condyle (Ahlbaeck´s disease) by AMIC
S.A. Anders, J. Schaumburger, J. Götz, J. Grifka 
Bad Abbach/Germany

Purpose: The treatment of spontaneous osteonecrosis (ON) of the 
medial femoral condyle (Ahlbaeck´s disease) is crucial. These el-
derly patients suffer from severe pain and functional limitations. So 
far, knee arthroplasty was the most frequent therapeutic option in 
late stages. Autologous matrix-induced chondrogenesis (AMIC) is 
a bone marrow based therapy for osteochondral reconstruction of 
joint surfaces. Addtional revitalization of the subchondral bone can 
be achieved by cancellous bone grafting. Our first results with this 
procedure in those patients are presented in this study.

Methods and Materials: 7 patients (2 female, 5 male, mean age 
52.0 (41-67) years) with symptomatic spontaneous ON of the me-
dial femoral condyle (IV°) were treated by AMIC and simultaneous 
cancellous bone grafting. The results were evaluated prospectively 
by Lysholm score, patient´s self estimation (VAS) and MRI. The ave-
rage follow-up was 31.7 (12-48) months. The mean defect size was 
3.7 (2.6-4.8) cm2 and the mean depth was 1.0 (0.8-1.2) cm. 6/7 pa-
tients have had at least one (1-3) operation on the knee before. In 
two cases an axis correction was performed by high tibial ostetomy.

Results: The Lysholm score increased from 52 (+-9.8) to 94 (+-5.2) 
at 12 months and 91.6 (+-5.4) at latest follow-up (p<0.01, t-test). On 
a visual 10-point scale pain decreased significantly from 6.9 (+-2.2) 
to 1.7 (+-2.3) while subjective knee function improved from 4.7 (+-
1.5) to 8.4 (+-1.3), (both p<0.01, t-test). The subjective results were 
rated excellent in 2/7 (28.6%), good in 4/7(57.1%) and fair in 1/7 
(14.3) patients. MRI revealed a good defect filling and resurfacing. 
By now, none of the patients needed a knee arthroplasty.

Conclusion: Combination of AMIC and cancellous bone grafting is 
efficient in restoring deep osteochondral lesions of the medial fe-
moral condyle caused by spontaneous ON regarding clinical func-
tional improvement, pain reduction, morphological MRI as well as 
patient´s satisfaction in selected patients.
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16.4.10
The Relationship between Constitutional Alignment & Varus 
Osteoarthritis of the Knee in Males & Females
P. Vandekerckhove1, N. Matlovich2, M. Teeter2, S. Macdonald2,
J. Howard2, B. Lanting2 
1Bruges/Belgium, 2London/Canada

Purpose: The role of neutral alignment in total knee arthroplasty 
(TKA) on short and long-term outcomes has become controversial. 
Based on the concept of constitutional varus, it has been suggested 
that undercorrection in TKA in a varus osteoarthritis (OA) population 
might to better clinical outcomes. However, it is still unknown what 
the relationship between constitutional varus and end-stage OA is. 
The goal of this study was to analyse the contribution of constitu-
tional varus in a medial OA population and to define a correlation 
between the constitutional alignment and end-stage varus OA

Methods and Materials: Based on full length-radiographs, cor-
rected for the intra-articular deformity of the knee, of 315 patients 
with unilateral end-stage medial OA of the knee (Charnley type A), 
a correlation in the coronal plane was made between medial end-
stage OA and the contralateral non-arthritic side.

Results: With increasing varus alignment in the arthritic limb, the 
physiologic limb alignment also became more varus. The propor-
tion of constitutional varus rose with increasing overall alignment 
and was found to be continuous for males. Constitutional varus was 
three times higher in men when the overall arthritic alignment was 
greater more than 6° varus.

Conclusion: Constitutional varus significantly contributes to varus 
osteoarthritis and was found to be higher than in the general popu-
lation. Our data indicates that it may be possible to understand the 
patient’s physiologic, pre-arthritic coronal plane alignment. This re-
search may provide important information regarding the placement 
of physiologic TKA’s and may direct future research questions.

18.1.2
Time Related Consequences For The Treatment Of Meniscus & 
Cartilage Injuries In Primary ACL Reconstruction
J. Zellner, W. Krutsch, M. Nerlich, P. Angele 
Regensburg/Germany

Purpose: Late reconstruction of ACL deficient knees increase the 
risk of secondary meniscal and cartilage lesions. In contrast to good 
outcome results by eliminating knee instability with ACL reconstruc-
tion, associated lesions to meniscus and cartilage can often not suf-
ficiently be repaired and lead to detrimental long-term effects. The 
goal of the study was the analysis of meniscus and cartilage injuries 
and their treatment related to early ACL reconstruction within 1 year 
after trauma.

Methods and Materials: In a prospective review over 12 months 
all primary ACL ruptures treated within 1 year after trauma were 
included in the study. Exclusion criteria were revision ACL, PCL re-
construction, complex ligament injuries, no information of the exact 
ACL rupture timepoint and previous knee surgery. The cartilage le-
sions were classified with ICRS score and treated by debridement, 
microfracture or ACT. Meniscus treatment were partial meniscecto-
my or meniscus repair.

Results: 730 ACL ruptures were treated with ACL reconstructions in 
one year. 233 patients met the inclusion criteria. The incidence of 
cartilage lesions (ICRS grade III-IV) showed no difference between 
ACL treatment in the first 6 months(38%) compared to the second 
6 months(29%). There was no difference in treatment of cartilage 
lesions.  In the first 6 months after trauma, medial meniscus lesions 
could be treated with meniscal suture techniques in 76%, after 6 
months in 47%. In the first 6 months after trauma, lateral meniscus 
lesions could be treated with meniscal suture techniques in 55%, 
after 6 months in 0%.

Conclusion: Cartilage lesions showed no significant difference in in-
cidence and treatment strategy, when the ACL reconstructions were 
performed within 1 year after ACL ruptures.  However a reduction in 
the rate of repairable meniscal lesions could be detected between 
ACL treatment in the first to the second 6 months after trauma. We 
would therefore favour early ACL reconstruction especially when 
meniscal tears are expected.

18.1.3
Fiber Formation in Mesenchymal Stem Cell & Fibrochondrocyte 
Tissue Engineered Meniscus
M.C. Mccorry, L. Bonassar 
Ithaca/United States of America

Purpose: The goal of this study is to investigate matrix synthesis 
and remodeling of mesenchymal stem cells (MSCs) both alone, 
mono-cultured, and co-cultured with fibrochondrocytes (FCCs) in a 
high density type I collagen tissue engineered (TE) meniscus under 
static mechanical boundary conditions. We hypothesize that MSCs 
in culture will increase matrix production while FCCs and mechanical 
boundary conditions will help direct remodeling in the TE meniscus.

Methods and Materials: MSCs and FCCs were isolated and expan-
ded from bone marrow and menisci of 1-3 day old bovines respec-
tively. Cell mixtures in fibrochondrogenic media were homogene-
ously mixed at 25x106 cells/mL into a 20 mg/mL collagen gel at 
MSC:FCC ratios of 100:0, 50:50, and 0:100. Collagen was injection 
molded into an anatomically accurate meniscus, clamped at the 
horns and cultured for 4 weeks. Fiber formation was visualized 
using confocal microscopy. Fiber diameter and fiber alignment were 
calculated by analyzing images using a custom MATlab code (n=4). 
Biochemical analysis was performed to quantify DNA or cellular pro-
liferation, glycosaminoglycans (GAGs), and hydroxyproline or col-
lagen (n=4). Statistical analysis was performed by a 1-way ANOVA 
with Tukey’s t-test for post-hoc analysis (p<0.05 significant).

Results: Menisci contracted up to 72% of original size, with MSC 
populated TE menisci contracting more than FCC menisci (Fig 1A). 
Biochemical analysis showed that MSCs increased GAG/meniscus, 
GAG/DNA, GAG retention, and collagen production in co-culture and 
mono-culture (Fig 1B). Collagen reorganization, fiber diameter and 
alignment index, was greatest in FCC mono-culture and decreased 
with MSC content (Fig 2).

 

Conclusion: This study showed that MSCs alone have increased ma-
trix production however lack the fiber reorganization capabilities of 
FCCs. Co-culture can be used as means of balancing the synthetic 
properties of MSCs and the remodeling capabilities of FCCs for tis-
sue engineering applications.
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18.1.4
In Vitro Repair of Meniscal Radial Tear Using Aligned 
Electrospun Nanofibrous Scaffold
K. Shimomura1, A.C. Bean1, H. Lin1, N. Nakamura2, R. Tuan1 
1Pittsburgh/United States of America, 2Osaka/Japan

Purpose: Radial tears of the meniscus result in loss of biomechani-
cal meniscal function. However, there have been no effective treat-
ments for radial meniscal tears. Recently, nanofibrous scaffolds 
produced by electrospinning have shown high promise in the engi-
neering of soft musculoskeletal tissues. The goal of our study is to 
apply these technologies to develop a functional cell-seeded scaf-
fold as a new surgical method to enhance meniscal radial repair.

Methods and Materials: Cylinder-shaped explants were excised 
from the avascular region of bovine meniscus with the long axis ali-
gned along the direction of the meniscal circumferential fibers. A 
radial tear was created in the center of the explant. The torn site 
was wrapped with either poly(ε-caprolactone)-based, aligned nano-
fibrous scaffold alone or scaffold seeded with meniscal fibrochon-
drocytes (MFC) with the scaffold fiber direction matching that of 
the main meniscal fibers. A control group was prepared as explants 
without scaffolds or cells. The composite constructs in each group 
were cultured in vitro for 4 and 8 weeks, and were then assessed 
histologically and mechanically.

Results: Histological analysis showed partial repair of the radial 
tear in explants wrapped with either the scaffold alone or cell-see-
ded scaffold (Fig.1a). The scaffold, regardless of cell-seeding, was 
observed to adhere closely to the native meniscal tissue at 4 and 8 
weeks. Only the cell-seeded scaffold exhibited significant positive 
Picrosirius red staining and Safranin O staining (Fig.1b). Mechanical 
properties of the repaired meniscus in the cell-seeded group at 8 
weeks were significantly higher than those of the control group at 
4 weeks (Fig.2).

 

Conclusion: These results demonstrated the applicability of the 
MFC-seeded nanofibrous scaffold for meniscal radial tear repair. In 
particular, the highly adhesive property of the cell-seeded scaffold 
to the meniscal tissue should be beneficial in stabilizing the circum-
ferential meniscal fibers and help to preserve the function of hoop 
structure.

18.1.5
In Situ Meniscal Regeneration Using a Bovine Dermal Collagen 
Matrix in Swine Meniscus
M. Randolph, A.M. Meppelink, S.C. Edwards, T.J. Gill 
Boston/United States of America

Results: No healing or angiogenesis was evident in the meniscal 
tissue control implant and the empty defect was forced closed (Fig. 
2A). At three weeks there was evidence of angiogenesis in the scaf-
fold and cells populating the interstices of the scaffold matrix. By 
8 weeks the SurgiMend matrix implants had vessels throughout 
and the scaffolds were fully integrated with both the peripheral and 
central regions of the native meniscus with fibrochondrocyte-like 
cells were noted throughout (Fig. 2B). Safranin-O showed typical 
GAG staining from peripheral to central locations. Polarized light 
demonstrated collagen fibril formation typical of native meniscus 
(Fig. 2C). In many of the 24-week animals it was difficult to identify 
the implant site as the implant appeared to be integrated into the 
meniscus (Fig. 2D). 

18.1.6
Medial & Lateral Contact Pressure Distribution following the 
Implantation of a Novel Medial Meniscus Implant
M. Shemesh1, N. Cohen1, E. Zylberberg1, N. Shabshin2, R. Arbel3,
V. Condello4, E. Linder-Ganz1, J.J. Elsner5 
1Netanya/Israel, 2Zeriffin/Israel, 3Tel Aviv/Israel, 4Negrar/Italy, 
5Cambridge/United States of America

Purpose: Recently, a medial meniscus implant was developed for 
meniscectomzied patients with joint pain. Previous work proved its 
ability to redistribute medial loads. While this could explain pain 
relief following implantation, we hypothesized that a more complex 
effect involving increased joint space and altered load sharing bet-
ween both compartments. To explore this mechanism, we measured 
load distribution on the medial and lateral tibia for normal condi-
tions, meniscectomy, and after implantation of the device.

Methods and Materials: Contact pressures under the intact menis-
ci were measured in human cadaver knees (n=5), positioned at 0° 
flexion with all degrees of freedom fixed. MCL/ LCL bone plugs were 
released to insert pressure sensors. With the intact medial menis-
cus, knees were compressed at 1200N and tibial pressures were 
recorded. This was repeated after a subtotal medial meniscectomy 
and after implantation of the polycarbonate-urethane implant. To 
complement these measurements, MRI’s of 5 patients were analy-
zed retrospectively for joint space changes between pre-implantati-
on and 1.5 months post-implantation.
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Results: On the medial side, the implant restored the contact area 
and reduced cartilage loads (near normal), compared to a meniscec-
tomy. On the lateral side a slight decrease occurred in the contact 
area and in the average and peak stresses compared to the normal 
state and meniscectomy. This may be explained by a load shift from 
the lateral to the medial side compared to the meniscectomized 
knee. This findling may be linked to the changes noted in the joint 
space between the medial and lateral compartments. While the me-
dial joint space was restored from 4 to 7 mm by the implant, while 
no change was noted in the normal lateral space.

 

Conclusion: The implantation of the PCU implant may benefit pati-
ents not only by restoring the contact mechanics in the medial com-
partment, but also by enabling better load distribution between the 
medial and lateral compartments.

18.1.7
First Report on MRI of a Novel Synthetic Meniscus Implant: The 
Normal Appearance of Early Remodeling
N. Shabshin1, J.J. Elsner2, A. Shefy-Peleg3, C. Zorzi4, V. Condello4,
E. Nocco3, E. Hershman5, E. Linder-Ganz3 
1Zeriffin/Israel, 2Cambridge/United States of America, 3Netanya/
Israel, 4Negrar/Italy, 5New York/United States of America

Purpose: Recently, a novel non-anchored polycarbonateurethane 
meniscus implant was developed as a treatment for post-menis-
cectomy knee pain. The normal postoperative MR appearance fol-
lowing implantation of this device has not yet been described. The 
recognition of normal changes is important to avoid over-diagnosis 
and treatment.

Methods and Materials: Nineteen implanted patients were inclu-
ded. All had clinical and MR follow-up 1.5 and 12-months after sur-
gery. Images were evaluated for: presence and patterns of bone 
marrow edema (BME) of the tibia and femur, MCL sprain pattern, 
synovial-thickening (graded 1-3 according to the Ostergaard Clas-
sification), and signal with and without joint effusion. MR-images 
were correlated with KOOS-pain score and range of motion (ROM) 
measurements. 

Results: At 1.5-months, MCL sprain-pattern was seen in 16/19 pati-
ents. Bone marrow edema (BME) was seen in 15/19. Typically, the 
BME was subchondral and at the periphery. Synovial thickening was 
seen in 10 patients. 12 patients had joint effusion, of whom 4 pati-
ents had effusion without synovial-thickening. 13/19 patients had 
limited ROM, and the KOOS pain and overall score were 46±25 and 
39±22 respectively. At 12-months, 2/19 had MCL sprain, and 7/19 
had BME in the medial compartment. Synovial thickening was re-
duced by large, with 4/19 having some degree of thickening. Joint 
effusion was seen in 7 patients, with 2 patients having combined ef-
fusion and thickening. 6/19 patients reported limited ROM but 4 out 
of the limited patients showed a clinically significant improvement 
(>40°).The KOOS pain and overall scores were 54±26 and 47±25, 
respectively. 

Conclusion: MR imaging performed at the early postoperative peri-
od of uncomplicated asymptomatic patients with a synthetic medial 
meniscus can demonstrate findings that could be considered abnor-
mal in a different context. These likely represent early remodeling 
secondary to the altered biomechanics. Synovitis also resolves du-
ring the first year and is likely related to a transient inflammatory 
reaction to composition.

18.1.8
Biological Augmentation of a Polyurethane Meniscal Substitute 
with Mesenchymal Stem Cells for Treatment of large Meniscal 
Defects
J. Zellner, C. Pfeifer, P. Angele 
Regensburg/Germany

Purpose: Large meniscal defects or loss of meniscus substance are 
still a problem in traumatology and predisposes the knee for early 
onset of osteoarthritis. Meniscal substitutes on a polyurethane ba-
sis are in clinical use to replace lost parts of the meniscus. However 
there is still a lack of information about the timeline and quality of 
meniscal remodeling and the repair tissue. The aim of this study 
was to enhance the quality of meniscal healing by biological aug-
mentation of a polyurethane scaffold with mesenchymal stem cells 
(MSCs) in a Tissue Engineering approach.

Methods and Materials: A full-size meniscal defect was created 
by resection of the complete pars intermedia of lateral menisci of 
New Zealand White Rabbits according to a published animal model. 
The defects were treated by a polyurethane scaffold loaded with 
autologous MSCs without preculture of the cell matrix composites. 
Treatment of meniscal defects with a cellfree polyurethane matrix in 
the contralateral knee served as a control. All the composites were 
placed in the meniscal tears with a 5-0 suture. After 6 and 12 weeks, 
all menisci (n=28) were analysed macroscopically, histologically 
and immunohistochemically according to a validated meniscal sco-
ring system.

Results: After 6 weeks in vivo treatment with a polyurethane matrix 
loaded with autologous MSCs showed significantly improved me-
niscal healing with differentiated meniscal repair tissue compared 
to cellfree scaffolds. Especially integration of the repair tissue in 
the native meniscus and the content of proteoglycan were increa-
sed. After 12 weeks no difference between the stem cell loaded and 
cellfree group could be detected with development of differentiated 
repair tissue in both groups.

Conclusion: Biological augmentation of a polyurethane scaffold 
with autologous MSCs promotes earlier differentiation of meniscal 
repair tissue and faster integration in the surrounding native menis-
cus. This might be a promising approach to support meniscus re-
modeling and improve clinical outcome after meniscal substitution.

18.1.9
Region-Specific Effect of Decellularized Meniscus Extracellular 
Matrix on Mesenchymal Stem Cell-Based 3D Meniscus Tissue 
Engineering
K. Shimomura, B.B. Rothrauff, R. Tuan 
Pittsburgh/United States of America

Purpose: Decellularized, tissue-derived extracellular matrices 
(ECMs) have received attention as their use in the scaffold may be 
beneficial, including enhancement of cell proliferation and differen-
tiation. In considering meniscus-derived ECM (mECM) for meniscus 
tissue engineering, it is noteworthy that meniscus has different 
structural and biochemical features between inner and outer regi-
ons. This study investigates the feasibility of applying mECM for me-
niscal tissue engineering, specifically comparing region-dependent 
effects of mECM on 3D engineered meniscus using human bone 
marrow MSCs (hBMSCs).

Methods and Materials: Bovine menisci were divided into inner and 
outer menisci, decellularized and powderized separately, and then 
extracted with urea. hBMSCs at 1 million/ml were mixed with pho-
tocrosslinked 10% polyethylene glycol containing either 60 µg/ml 
inner mECM or outer mECM. A control group was prepared without 
mECM supplementation. The cell-seeded constructs were cultured 
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with chondrogenic medium containing TGF-β3. Cell viability ana-
lysis, RT-PCR analysis for meniscus-associated gene expressions, 
quantification of hydroxyproline and glycosaminoglycan (GAG) syn-
thesis were assessed.

Results: Decellularization was verified by the absence of cell nuclei 
using DAPI staining and by the reduction in DNA content. Cell via-
bility analysis demonstrated that a high percentage of viable cells 
was seen until day 7 in each group. RT-PCR showed that collagen I 
expression was significantly higher in the outer mECM group than in 
other groups (Fig.1). The expression of collagen II and aggrecan in 
the inner mECM group was significantly higher than in other groups. 
Hydroxyproline content in the outer mECM group was significantly 
higher than in control group (Fig.2). GAG content in the inner and 
outer mECM groups were both significantly higher than that of con-
trol group.

 

Conclusion: Our results showed that inner mECM enhances fibrocar-
tilaginous differentiation of hBMSCs, while outer mECM promotes a 
more fibroblastic phenotype. These results support the feasibility 
of applying mECM, in a region-dependent manner, to fabricate bio-
functional scaffolds for meniscal tissue engineering.

18.1.10
Effect of Obesity on Knee Chondral “Pothole” Defects--
Implications for Intra & Post-Operative Management
K. Lacy, A.M. Cracchiolo, S. Yu, H.T. Goitz 
Michigan/United States of America

Purpose: To biomechanically evaluate the effect of increased 
load(s) on full thickness medial femoral condyle (MFC) lesions with 
increasing sizes and thicknesses of rim cartilage in an effort to pro-
vide clinical guidelines to intra and post-operative management.

Methods and Materials: Eight human cadaveric knees were stati-
cally loaded in 15º of flexion to simulate 20, 30, and 40 BMI single 
stance weight bearing, with full thickness MFC defect diameters of 
6, 8, 10, 12, 14, 16, 18, and 20 mm. A medial compartment sensor 
measured force transmisison and area of containment. For defect 
diameters 14, 16, 18, and 20 mm, a force sensor was placed at the 
lesion base. Rim cartilage thickness was quantified using digital ca-

lipers. Repeated measures ANOVA compared areas of containment 
with base defect data between BMI groups.

Results: Loads ≥30 led to statistically significant containment for all 
area defects ≥14 mm diameter (p<0.038). Base defect force increase 
was statistically significant for defects ≥16 mm diameter (area 2cm2) 
between loaded and unloaded states (p<0.042), and for BMI ≥30 
(p<0.045). Cartilage rim thickness <2 mm resulted in statistically si-
gnificant higher force at the defect base when compared to cartilage 
thickness >2mm for all BMI groups (p<0.025).

Conclusion: Biomechanically unfavorable environments were ob-
served for MFC ‘pothole’ defects in the setting of obesity, size ≥ 
2cm2, and rim thickness <2mm. A decrease in rim containment and 
increase in force (BMI) sustained at the defect base exposes it to 
detrimental forces. Our findings correlate with clinical studies exhi-
biting a decrease cartilage fill rate and poorer knee functional out-
comes after microfracture in patients with BMI ≥30. This raises the 
question of appropriateness of intraoperative microfracture as well 
as postoperative weightbearing management. This study supports 
a consideration of all variables studied herein with regard to appro-
priate intraoperative and post-operative patient management that 
can be tailored to each individual patient. 

18.2.2
Relevance of the Spatial Distribution Pattern of Mechanical 
Properties of Articular Cartilage in Animal Studies
S. Sim1, I. Hadjab2, M. Garon2, E. Quenneville2, M.D. Buschmann1 
1Montreal/Canada, 2Laval/Canada

Purpose: The purpose of this study was to assess the importance of 
taking into account the spatial distribution of the mechanical pro-
perties of normal articular cartilage in animal models of cartilage 
repair, specifically the distributions of thickness and instantaneous 
modulus.

Methods and Materials: Mechanical properties were mapped ex 
vivo, using a novel technique allowing for automated indentation 
mapping (Mach-1 v500css, Biomomentum Inc.) of visually normal 
tibial plateau and femoral condyles (right and left joints) from three 
rats, three rabbits and one sheep. The multiaxial mechanical tester 
performed perpendicular indentations on the articular surface with 
a spherical indenter (radius=0.5 mm) at each position (at least 50 
positions per articular surface) by simultaneously moving its three 
stages. Subsequently, the thickness was measured with an adap-
ted version of the needle technique. The instantaneous modulus at 
each position was obtained by fitting the load-displacement curve 
(with corresponding thickness) to an elastic model of indentation.

Results: High-resolution maps of the thickness and the instanta-
neous modulus for the tibial plateau and femoral condyles of the 
three species were generated (Fig. 1&2). The spatial distribution of 
thickness and instantaneous modulus reveals a thinner and stiffer 
cartilage in regions in contact with the meniscus compared to a thi-
cker and softer cartilage on the rest of the surface. This topographic 
pattern is more striking in tibial plateau than femoral condyles.
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Conclusion: Cartilage thickness and instantaneous modulus can 
vary by a factor up to 10 over a distance of only 5% of the total ar-
ticular surface width (Fig. 1&2) in those three species. These thick-
ness and modulus maps clearly show that any difference between 
treated and normal cartilage could be due to a natural topographic 
variability rather than the treatment itself. In conclusion, this study 
shows the relevance of mechanical characterization of the entire 
surface in animal studies of cartilage regeneration or repair.

18.2.3
Allograft Transplantation to Treat Complex Cartilage Lesions of 
the Knee.
G. Meric1, G. Gracitelli1, S. Görtz2, A. Deyoung1, W.D. Bugbee1 
1La Jolla/United States of America, 2San Diego/United States of America

Purpose: The purpose of this study was to evaluate functional out-
comes and survivorship of the graft among patients who underwent 
OCA for reciprocal bipolar cartilage lesions of the knee. 

Methods and Materials: Fresh OCAs were implanted for bipolar 
chondral lesions in 46 patients (48 knees) between 1983 and 2010. 
Twenty-one males and 25 females averaged 40 years of age (range, 
15-66 years). Thirty-four lesions were tibiofemoral and 14 patellofe-
moral. Forty-two patients (88%) had an average of 3.4 previous sur-
geries (range, 1-8). Mean allograft area was 19.2 cm2. Clinical eva-
luation included the modified Merle d’Aubigné-Postel (18-point), 
International Knee Documentation Committee (IKDC) pain and func-
tion, and Knee Society function (KS-F) scores. Further surgeries on 
the operative joint were documented. Failure of the bipolar OCA was 
defined as revision OCA or conversion to arthroplasty. 

Results: Thirty knees had further surgery; of these, 22 knees (46%) 
were considered OCA failures (3 OCA revisions, 14 total knee arthro-
plasties, 2 unicondylar arthroplasties, 2 arthrodeses, and 1 patellec-
tomy). Survivorship of the bipolar OCA was 64.1% at 5 years. Among 
the 26 knees (54%) whose OCA was still in situ, the average follow-
up duration was 7 years (range, 2-19.7 years). The mean 18-point 
score improved from 12.1 to 16.1; 88% (23 of 26 knees) were consi-
dered successful with a score ≥15. The mean IKDC pain score impro-
ved from 7.5 to 4.7 and the mean IKDC function score improved from 
3.4 to 7.0. The mean KS-F score improved from 70.5 to 84.1. 

Conclusion: We conclude that OCA transplantation is a useful sal-
vage treatment option for reciprocal bipolar cartilage lesions of the 
knee. A high reoperation rate was observed, but successful out-
come was associated with significant clinical improvement. 

18.2.4
Osteochondral Allograft Transplantation for Knee Lesions after 
Failure of Cartilage Repair Surgery
G. Gracitelli1, G. Meric2, P.A. Pulido2, W.D. Bugbee2 
1Sao Paulo/Brazil, 2La Jolla/United States of America

Purpose: The aim of this study was to assess the outcome of OCA 
transplantation as a salvage procedure after various cartilage repair 
surgeries. 

Methods and Materials: One hundred sixty-four knees in 163 pa-
tients (mean age, 32.6 years; range 11-59 years; 55% males) were 
treated with OCA transplantation after failure of previous cartilage 
repairs (figure 1). Mean allograft size was 8.5 ± 7.9 cm2. The mean 
number of allograft used per knee was 1.5. Failure was defined as 
any reoperation resulting in removal of the allograft. Functional out-
comes were evaluated using the modified Merle d’Aubigné-Postel 
(18-point) scale, International Knee Documentation Committee 
(IKDC) subjective knee evaluation form, and the Knee Society func-
tion (KS-F) scale. Patient satisfaction using a five point scale from 
“extremely satisfied” to “extremely dissatisfied” was recorded at 
latest follow-up.

 

Results: Sixty-eight patients had reoperations after OCA trans-
plantation, of which 31 (18.9%) were classified as allograft failures. 
The mean time to failure was 6.3 years. Survivorship of the graft 
was 82% at 10 years and 74.9% at 15 years. Among patients whose 
grafts were still in situ at latest follow-up (mean of 8.5 +5.6 years 
of follow-up) had improved pain and function from preoperative vi-
sit to latest follow-up (Table 1). OCA transplantation also showed 
89.1% patients extremely satisfied or satisfied. 

Measure Preoperative 
Mean or n(%) 

Postopera-
tive Mean or 
n (%) 

p-value

Modified Merle 
d’Aubigné-Postel 
(18-point) scale

12.6 16.0 <0.01

Excellent (18) - 30 (24.2%)

Good (15-17) 25 (19.2%) 73 (58.9%)

Fair (12-14) 64 (49.2%) 17 (13.7%)

Poor (<12) 40 (30.8%) 4 (3.2%)

IKDC pain 5.9 2.9 <0.01

IKDC function 3.1 7.1 <0.01

IKDC Total 37.6 72.6 <0.01

KS-F 66.9 88.2 <0.01

Conclusion: Fresh OCA transplantation is a successful salvage sur-
gical treatment after cartilage repair procedures. This cohort shows 
optimal survivorship and functional outcomes for OCA transplanta-
tion after BMS techniques, and ACI. 

18.2.5
Osteochondral Repair with Synthetic Plugs increases the 
Coefficient of Friction & Damages the Opposing Cartilage 
Countersurface
A. Baessler1, N. Mugve2, R. Erck3, G. Carandang4, S. Chudik5 
1North Chicago/United States of America, 2Maywood/United States 
of America, 3Lemont/United States of America, 4Hines/United 
States of America, 5Westmont/United States of America

Purpose: The purpose of this study is to evaluate the tribological 
interactions of synthetic osteochondral implants, specifically co-
balt chrome (CoCr), polyurethane (PU), and polyether ether ketone 
(PEEK), against native cartilage.

Methods and Materials: One centimeter diameter by one centime-
ter deep plugs made of CoCr, PU, and PEEK were implanted into bo-
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vine medial femoral condyles (FIGURE 1) and reciprocated against 
the corresponding medial tibial plateau in a modified pin-on-disc 
testing apparatus. Contact pressures between the two surfaces 
were measured before and immediately following testing trials. In-
stantaneous friction coefficients were recorded. Two-tailed t-tests 
compared friction coefficients of synthetic implants to native carti-
lage control.

 

Results: Contact pressures before and after each trial were: 5.05 ± 
0.61 and 3.96 ± 0.70 for CoCr (p = 0.004), 3.34 ± 0.34 and 2.88 ± 0.46 
for PU (p = 0.047), 4.31 ± 1.00 and 3.50 ± 0.51 for PEEK (p = 0.035), 
and 3.60 ± 0.72 and 2.89 ± 0.40 for native cartilage (p = 0.022). 
The average friction coefficients at steady state (3000 seconds) are 
summarized in the following table. 

Table 1: Average coefficients of friction of synthetic implants 
compared to native cartilage control

Material Number of 
trials (n)

Coefficient of 
friction (x 10-3) p

CoCr 9 23.4 ± 7.9 < 0.001

PU 7 20.6 ± 2.9 < 0.001

PEEK 9 26.4 ± 7.1 < 0.001

Native 7 6.8 ± 3.4 n/a

Upon gross examination, we observed considerable damage to the 
cartilage countersurfaces exposed to CoCr, PU, and PEEK plugs, 
with an overall loss of cross-sectional cartilage thickness and inte-
grity (FIGURE 2).

 

Conclusion: CoCr, PU, and PEEK implants exhibited significantly 
higher friction coefficients than native cartilage. There was an obvi-
ous inability of the synthetic plugs to reproduce the complex viscoe-
lastic properties of intact cartilage, effectively producing a relatively 
proud and rigid irregularity that aggressively damaged the native 
articular cartilage countersurface.

18.2.6
Engineering Large-Scale Cartilage Grafts in Ultrasound 
Bioreactors
A. Subramanian, S. Guha Thakurta, H. Viljoen 
Lincoln/United States of America

Purpose: As endogenous progenitor cells may not be sufficient to 
enable repair of large defects, translatable tissue engineering (TE) 
approaches based on hMSC (human mesenchymal stem cell) hold 
promise. The objective of our work is to generate clinically-sized 
(50mmx5mm) TE cartilage (TEC) in an ultrasound-assisted biore-
actor in combination with biocompatible scaffolds and engineered 
microenvironments. Thus, we first guide the conversion of hMSC 

into chondrocytes in the ultrasound (US) bioreactor over a period 
of 14-days and then continue to culture hMSC-derived chondrocytes 
in the bioreactor for 6 weeks to form TEC (Figure-1). US mediated 
chondrogenesis of hMSC was verified by miRNA and RT_PCR ana-
lysis. TEC derived from hMSC-derived chondrocytes was evaluated 
for phenotyptic stability, biochemical and biomechanical properties 
and research highlights will be presented.

 

Methods and Materials: Bone-marrow derived human mesenchy-
mal stem cells (hMSC) were seeded onto polyurethane polycarbo-
nate based scaffolds and US stimulation was provided in the auto-
mated bioreactor developed in our laboratories. Study groups are 
shown in Table 1. TGFb3 was removed after 2-weeks from group 
3 and 4 and culture was continued in the bioreactor for additional 
6-weeks. Cell-seeded scaffolds were retrieved and analyzed for via-
bility, biochemical assays, mechanical properties, cartilage-specific 
protein markers via western blotting and immunohistochemical 
analysis and gene markers by RT-PCR. 

Results: We show that US efficiently directs the differentiation of 
MSCs into chondrocytes via signaling cascades associated with the 
Sox-9 pathway. miR145 was downregulated in groups 2 to 4. US was 
noted to be chondroinductive, group 2 was comparable to group 3. 
Total GAG and collagen was higher in group 4. Mechanical proper-
ties at the end of week 8 are shown in Table 2.

Conclusion: We demonstrate that tissue-engineered cartilage with 
clinical dimensions and requisite properties can be cultivated in 
an US-bioreactor that uses continuous US at specific resonant fre-
quencies along with scaffold architecture that promotes uniform US 
distribution.

18.2.7
Loss of Cartilage Matrix Fixed Charge Density in Failed 
Osteochondral Allografts at Localized Defect & Host-donor 
Interface Sites
N. Chang, M.M. Murphy, E. Cory, A.C. Chen, W.D. Bugbee, R.L. Sah 
La Jolla/United States of America

Purpose: The relationship between subchondral bone abnormali-
ties and cartilage deterioration is controversial. Experimental stu-
dies of osteochondral grafts in goats elucidated variable step-offs 
between implant and host bone, and several types of subchondral 
bone cysts; with some exhibiting a characteristic channel (loss of 
bone) to the cartilage interface, and discontinuous subchondral 
plate (ScP). The aim of this study was to test if human articular car-
tilage exhibits damage over regions of ScP step-offs and disconti-
nuities in osteochondral fragments removed during conversion of 
osteochondral allografts (OCA) to total joint replacement.
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Methods and Materials: Human osteochondral tissue fragments 
were analyzed for ScP and cartilage abnormalities by µCT. Frag-
ments, including macroscopically apparent OCA remnant and sur-
rounding host tissue, were collected with patient consent and IRB 
approval, as the discarded tissue from 4 patients. The fragments 
were µCT scanned without and with Hexabrix contrast, and image 
data analyzed to visualize bone and cartilage fixed charge density 
(FCD).

Results: In each of the 4 samples, there were localized regions of 
low cartilage FCD over ScP abnormalities (Fig. 1). In samples 1, 2, 
and 4, channels protruded through the ScP, with cartilage regions of 
low FCD near the end of the canal at the cartilage interface. In samp-
les 1 (Fig. 2) and 2, these channels were near the center of the OCA. 
In sample 4, small channels were at the ScP interface, apparently 
between implant and host. In sample 3, a region of relatively thin, 
low FCD cartilage was present in the OCA, over an elevated ScP.

Conclusion: (1) The findings of localized abnormalities in articular 
cartilage and ScP in retrieved human tissue supports the translata-
bility of findings in a large animal model to humans. (2) The asso-
ciation of cartilage abnormality over a subchondral bone channel 
suggests that identification of bone cysts connected to such chan-
nels may help distinguish association with cartilage deterioration.

18.2.8
Agili-CTM Induced Cartilage Regeneration: New Insights into 
Human Cartilage in Vitro Data
S. Chubinskaya1, A.S. Levy2, D. Robinson3, E. Kon4, A. Hakimiyan1,
L. Rappoport1, A. Margulis1, K.R. Zaslav5, N. Altschuler3 
1Chicago/United States of America, 2Millburn/United States of 
America, 3Kfar Saba/Israel, 4Bologna/Italy, 5Richmond/United 
States of America

Purpose: The Agili-CTM (CartiHeal, Israel) is a first-in-class acellular 
implant that has been designed to allow simultaneous regenerati-
on of hyaline cartilage and subchondral bone. Here we provide the 
first evidence of the ability of human adult articular chondrocytes to 
migrate from cartilage explants into the Agili-CTM scaffold forming 
hyaline-like cartilage.

Methods and Materials: Cartilage was collected from the knee and 
ankle joints of 13 asymptomatic human donors. The chondral pha-
se of the implant was placed inside cartilage plugs prepared in a 
donut-shape and cultured in 20% serum. Chondrocyte survival, mi-
gration, proteoglycan (PG) synthesis, collagen II and aggrecan gene 
and protein expression, histology with Safranin O and H&E were 
used to characterize cellular responses and confirm hyaline-type 
structure. The data were analyzed with two-tailed t-test comparing 
the mean of samples cultured with Agili-CTM construct to the mean of 
control. The P values <0.05 were considered statistically significant. 

Results: Chondrocyte migration into the Agili-CTM constructs was in-
dependent of the joint (knee or ankle), gender or donor’s age. Cells 
remained viable inside 3D construct and deposited ECM enriched in 
collagen II and aggrecan. When subchondral bone was part of the 
explant, newly formed matrix was more abundant and had a better 
cartilaginous structural organization than when explant contained 
cartilage tissue only. By day 60, PG synthesis was 3-fold higher, ag-
grecan gene expression was 4-fold higher (p<0.0001) and collagen 
type II gene expression was 8-fold higher (p<0.001) respectively in 
explants containing Agili-CTM implant (p=0.007) in comparison with 
control. 

Conclusion: The Agili-CTM implant is capable of inducing hyaline 
cartilage evidenced by the expression of specific markers and ap-
propriate structural organization. Dual processes are suggested: a) 
migration and proliferation of chondrocytes from the periphery of 
the tissue with the formation of ECM; and b) migration of MSCs from 
the subchondral bone and differentiation to chondrocytes inside 
chondral phase of the scaffold.

 

18.2.9
Fresh Osteochondral Allograft Transplantation for the Treatment 
of Osteochondritis Dissecans of the Elbow in Athletes
M.J. Lim, R.J. Mirzayan 
Los Angeles/United States of America

Purpose: This is the first report describing the use of fresh osteo-
chondral allograft transplantation (FOCAT) for the treatment of ca-
pitellar OCD lesions. 

Methods and Materials: An IRB approved, retrospective chart review 
was performed on all patients with FOCAT for OCD of the capitellum. 
Pre-operative and post-operative validated outcome measures and 
pain scales were used to clinically evaluate the patients.

Results: 10 patients (9 male, 1 female) with mean age 15.4 years 
were included. All patients had pain, abnormal MRI and underwent 
arthroscopic examination. 6 of 10 had average of 12 degree flexion 
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contracture (5-45 degrees). There were 6 pitchers, 3 position pla-
yers, and 1 cheer/tumbler. A ligament sparing, mini-open incision 
was used in the Kocher interval. A femoral hemicondyle was used as 
a donor source. Average defect size was 11mm (8-18mm). In 6 cases, 
plugs were press fit and in 4, additional fixation required. Clinical 
and radiographic outcomes were evaluated at mean of 44.1 months. 
The MAYO score improved from an average 60.56 to 98.9; Oxford 
score from 22.1 to 44.8; DASH from 36.3 to 5.6; VAS from 74 to 0.6. 
All outcome scores were found to have statistical significance (p < 
0.01). In the 9 overhead athletes, the average KJOC score was 82.7 
at follow-up. All throwers returned to throwing and were either still 
active in their sport or played at least 2 years of baseball before 
leaving the sport unrelated to the elbow.

Conclusion: This is the first report of FOCAT for capitellar OCD in 
athletes. The results show that the patients had significant func-
tional improvement with significant reduction in pain. In addition, 
throwers were able to succesfully return to their sport. FOCAT is a 
viable option for the treatment of unstable OCD of the capitellum 
and an alternative to autograft transplantation to avoid harvesting a 
graft from a normal knee.

18.2.10
Midterm Results of Osteochondral Allograft Transplantation to 
the Humeral Head
A.J. Riff, A.B. Yanke, J. Shin, A.A. Romeo, B. Cole 
Chicago/United States of America

Purpose: Osteochondral allografts represent one of few restorative 
options for osteochondral defects of the glenohumeral joint. Ho-
wever, only case reports of their use are available in the literature. 
This study aimed to evaluate clinical outcomes and viability of os-
teochondral allografts for treatment of osteochondral defects of the 
humeral head.

Methods and Materials: Patients were identified that had under-
gone humeral head allograft reconstruction. Retrospective analysis 
was performed of prospectively collected subjective data collected 
pre-operatively and at a minimum of 2 years postoperatively. Radi-
ographs were evaluated for graft incorporation and collapse. Con-
version to shoulder arthroplasty was considered a failure. Statistics 
were performed using Student’s t-test.

Results: Twenty patients met inclusion criteria. Average patient 
age was 25 years and average follow-up was 67 months. Etiology 
included intra-articular pain pump, post-stabilization, prior ther-
mal capsulorraphy, and unidentifiable causes. Eleven grafts were 
allograft plugs and 9 were mushroom allografts used to resurface 
the entire humeral head. At final follow-up, all grafts demonstrated 
radiographic incorporation except one. Four patients underwent to-
tal shoulder arthroplasty (all following intra-articular pain pump). 
Among the 16 patients who did not require shoulder arthroplasty, 
13 were satisfied with the results. Statistically significant improve-
ments (p<0.001) were seen for the VAS (6.1 to 1.5), Simple Shoulder 
Test (32 to 73), American Shoulder and Elbow Surgeon Score (39 to 
76), SF12P (38 to 48) and SF12M (51 to 58). Pain pump patients that 
did not progress to arthroplasty experienced inferior outcomes to 
the remainder of the cohort (VAS 2.6 v. 0.3, p=0.04, SST 67 v. 82, 
p=0.26, ASES 67 v. 88, 0.08), SF12P 45 v 51 p=0.18, and SF 12M 56 
v. 60, p=0.14) and satisfaction (50% versus 100%, p=0.04).

 

Conclusion: Osteochondral allograft transplantation is a palatable 

option for young patients with humeral chondral injury. Patients 
with bipolar disease or history of intra-articular pain pump have in-
creased failure and decreased subjective outcomes.

18.3.2
Assessment of BioCartilage + PRP in Horses
L. Fortier1, B. Cole2, J.L. Cook3, B. Roller4 
1Ithaca/United States of America, 2Chicago/United States of America, 
3Columbia/United States of America, 4Naples/United States of 
America

Purpose: The purpose of this investigation was to evaluate the sa-
fety, biocompatibility, and efficacy of a BioCartilage + platelet rich 
plasma (PRP) graft for cartilage repair in an equine femoral lateral 
trochlear ridge model of full thickness articular cartilage loss.

Methods and Materials: With IACUC approval, horses (2-5 years 
old) underwent arthroscopic surgery to create two 10mm diameter 
full thickness cartilage defects on the lateral trochlear ridge of each 
stifle. Both defects in one stifle received microfracture, BioCartilage 
+ PRP and both defects in the contralateral stifle underwent micro-

fracture. Outcome measures included clinical assessments, arthros-
copic grading, and synovial fluid analysis at 2, 6 and 13 months, and 
quantitative MRI, gross, microCT and histologic assessments at 13 
months after surgery.

Results: There was no evidence of infection, implant migration, or 
synovial inflammation. BioCartilage + PRP had significantly better 
arthroscopic repair scores at 13 months for both sites compared to 
microfracture. BioCartilage + PRP proximal defects had significantly 
better histologic scores for repair-host integration, base integration, 
and formed more collagen type II than microfracture. MRI showed 
both treatments to have abnormalities, however, only one defect 
(microfracture) had poor cartilage fill while all others had good fill. 
There were no significant differences in T1ρ and T2 mapping data for 
BioCartilage + PRP versus microfracture. There were no significant 
differences between BioCartilage + PRP and microfracture for any 
micro-CT parameters. Treatments were not significantly different 
based on synovial histology.

Conclusion: BioCartilage + PRP treatment of full thickness articular 
cartilage defects in the equine stifle is safe and effective with advan-
tages over microfracture, particularly in areas of high load.

18.3.3
TGFβ, Activin A and Nodal activate SMAD2/3 signaling in 
Mesenchymal Stem Cells, but Only TGFβ initiates Chondrogenic 
Differentiation
L.M.G. De Kroon1, E.N. Blaney Davidson1, R. Narcisi2, H.M. Van Beuningen1, 
G. Van Osch2, P. Van Der Kraan1 
1Nijmegen/Netherlands, 2Rotterdam/Netherlands

Purpose: Previously we showed that the SMAD2/3 pathway is cru-
cial for chondrogenic differentiation of bone marrow-derive mesen-
chymal stem cells (BMSCs). Transforming Growth Factor-β (TGFβ) is 
well known to activate this pathway by initiating phosphorylation of 
SMAD2/3 proteins (pSMAD2/3). Besides TGFβ, both Activin A and 
Nodal are known to induce pSMAD2/3. Therefore, we investigated 
whether Activin A and/or Nodal, like TGFβ, can initiate chondroge-
nesis in BMSCs.

Methods and Materials: Human fetal BMSCs (purchased from Sci-
enCell) were pellet-cultured in serum-free chondrogenic medium 
without ligands or with either 10 ng/mL TGFβ1; 10 or 100 ng/mL Ac-
tivin A; 10 or 100 ng/mL Nodal for 1 or 7 days. At day 1, proteins were 
isolated for western blot analysis of pSMAD2/3. After 7 days, BMSC 
pellets were harvested for histological evaluation of proteoglycan 
deposition and gene expression analysis of aggrecan, collagen type 
II and pSMAD2/3 responsive gene plasminogen activator inhibitor-1 
(PAI1).

Results: Activin A, TGFβ1, and Nodal dose-dependently induced 
SMAD2/3 phosphorylation compared to unstimulated BMSC pel-
lets. pSMAD2/3 levels were highest upon TGFβ1 stimulation and 
lowest upon Nodal. This was also reflected by PAI1 expression. Ho-
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wever, despite all three ligands were proven to be bioactive, only 
TGFβ1 initiated chondrogenic differentiation of fetal BMSC pellets, 
as shown by increased ACAN and COL2 expression. Moreover, chon-
drogenesis was confirmed in TGFβ1-stimulated pellets by positive 
proteoglycan staining, whereas pellets stimulated with Activin A or 
Nodal were devoid of cartilage-like tissue.

Conclusion: We found that TGFβ1 initiated chondrogenic differenti-
ation of BMSCs, whereas Activin A and Nodal did not. This suggests 
that amongst the different ligands that activate the SMAD2/3 pa-
thway (Activin A, TGFβ1, or Nodal), activation by TGFβ1 is crucial for 
initiating chondrogenic differentiation of BMSCs.

18.3.4
Interleukin-1beta is Essential for Blood-Induced Cartilage 
Damage in Vitro
L.F.D. Van Vulpen, K. Coeleveld, R.E.G. Schutgens, E.C. Alsema,
G. Roosendaal, S.C. Mastbergen, F.P.J.G. Lafeber 
Utrecht/Netherlands

Results: Exposure to blood severely impacted proteoglycan turno-
ver. Adding IL1ßmAb resulted in a dose-dependent improvement in 
proteoglycan turnover leading to normalisation at higher concen-
trations (figure A for proteoglycan synthesis). This protective effect 
was most pronounced when IL1βmAb was administered within 8 
hours after the bleed (figure B for proteoglycan synthesis). In the 
absence of blood, IL1βmAb did not have direct effects on cartilage 
proteoglycan turnover. Blocking IL1β reduced IL6 and TNFα levels in 
whole blood cultures.

Conclusion: This study demonstrates that IL1β is a crucial factor in 
the development of blood-induced cartilage damage in vitro. Blo-
cking it with a monoclonal antibody protects cartilage from the da-
maging effects of blood exposure in a dose-dependent way. Early 
administration after blood-exposure is most beneficial. IL1β seems 
to initiate the production of other pro-inflammatory cytokines. Fur-
ther research is warranted to investigate the in vivo capacity of 
IL1βmAb in prevention and treatment of joint damage upon joint 
bleeding.

18.3.5
WBC Concentration Correlates with Increased IL-1ra and Changes 
in WOMAC Pain Scores in a Safety Study of Autologous Protein 
Solution
W. King1, W. Van Der Weegen2, R. Van Drumpt2, H. Soons2, K. Toler1, 
J. Woodell-May1 
1Warsaw/United States of America, 2Geldrop/Netherlands

Purpose: The primary aim of this study was patient safety. A se-
condary analysis was performed to characterize the relationship 
between the composition of Autologous Protein Solution (APS) and 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) scores in an open-label study of patients with early os-
teoarthritis. 

Methods and Materials: Eleven patients were enrolled in a study 
(NCT01773226) of APS. WOMAC surveys were completed throug-
hout the study. Two APS Kits (Biomet) were processed per pati-
ent. The output of the first APS Kit was injected intra-articularly. 
WBC and cytokine concentrations (ELISA kits, R&D Systems) were 
measured from the second APS Kit. Missing data was handled using 
last observation carried forward principles. WBC analyses were not 
completed on the first three patients and APS samples were impro-
perly stored with the first two patients. Data points for these pati-

ents were removed for scientific validity.

Results: There was strong correlation (R2 > 0.7) between the con-
centration of WBC and IL-1ra in APS. There was no correlation (p > 
0.05, R2 < 0.3) between the concentration of WBC and IL-1 (Figure 1).

 

Data suggest that WBC concentration is significantly (p < 0.05), mo-
derately (R2 > 0.3 and < 0.7), and negatively correlated (p < 0.05, 
R2=0.58) with WOMAC pain scores one week post-injection. This re-
lationship decreases in significance over time (Figure 2B-C). There 
was a significant, moderate, and negative correlation between the 
IL-1ra:IL-1 ratio and WOMAC pain scores one week and six months 
post-injection (p = 0.04, R2 = 0.46) (Figure 2E-F). The WBC concen-
tration and IL-1ra:IL-1 ratio were not correlated with WOMAC pain 
scores at the preinjection visit (Figure 2A, 2D).

 

Conclusion: Higher WBC concentrations and IL-1ra:IL-1 ratios in APS 
correlated with greater anti-inflammatory properties and lower os-
teoarthritis pain. Studies are ongoing to better characterize these 
correlations.

18.3.6
Stimulation of Superficial Zone Protein & Lubrication by Platelet 
Rich Plasma in the Knee Joint
C.A. Lee, R. Sakata, K. Miyatake, S. Mcnary, J.M. Van Den Bogaerde, 
R. Marder, H. Reddi 
Sacramento/United States of America

Purpose: Intra-articular PRP injections have been used to treat dege-
nerative arthritis of the knee with demonstrated clinical efficacy. Su-
perficial zone protein (SZP) is a boundary lubricant of articular cartila-
ge and plays an important role in cartilage homeostasis and disease. 
In the present study, we investigated the influence of PRP treatment 
on autologous production of SZP from human joint derived cells and 
evaluated the lubricating properties of PRP on articular cartilage.

Methods and Materials: Cells were isolated from articular cartilage, sy-
novium, and the anterior cruciate ligament (ACL) from twelve patients 
undergoing ACL reconstruction. Monolayer cell cultures were treated 
with non-activated or activated PRP. The concentrations of SZP in PRP 
and culture media were measured by enzyme-linked immunosorbent 
assay. Cellular proliferation was quantified by determination of cell 
numbers. The lubrication properties of PRP on articular cartilage were 
investigated using a pin-on-disk tribometer.
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Results: PRP stimulated proliferation in cells derived from articular car-
tilage, synovium, and the ACL. PRP significantly enhanced SZP secreti-
on from synovium- and cartilage-derived cells. An unexpected finding 
was the presence of SZP in PRP (2.89 ± 1.234 µg/ml prior to activation, 
and 3.02 ± 1.32 µg/ml after activation). In addition, under boundary 
mode conditions consisting of high loads and low sliding speeds, non-
activated and thrombin-activated PRP decreased the friction coefficient 
(µ = 0.012 and µ = 0.015) compared to 28 saline (µ = 0.047, p< 0.004) 
or high molecular hyaluronan (µ = 0.080, p < 0.006). The friction coef-
ficient of the cartilage with PRP was on par with that of synovial fluid.

Conclusion: PRP significantly stimulates cell proliferation and SZP se-
cretion in articular cartilage and synovium of the knee joint. Further-
more, PRP contains endogenous SZP and lubricates articular cartilage.

18.3.7
ALK1 & ALK5 are Both required for TGFβ-initiated Chondrogenic 
Differentiation of Mesenchymal Stem Cells
L.M.G. De Kroon1, E.N. Blaney Davidson1, R. Narcisi2, H.M. Van Beuningen1, 
G. Van Osch2, P. Van Der Kraan1 
1Nijmegen/Netherlands, 2Rotterdam/Netherlands

Purpose: Transforming Growth Factor-β (TGFβ) has a crucial role in 
chondrogenic differentiation of bone marrow-derived mesenchymal 
stem cells (BMSCs) and is known to signal via its Activin receptor-
Like Kinase receptors; ALK5 or ALK1. Since the specific role of TGFβ 
receptors in BMSC chondrogenesis is unknown, we studied whether 
either ALK5 or ALK1 is crucial to initiate chondrogenic differentiation 
of BMSCs.

Methods and Materials: Human fetal BMSCs (purchased from Sci-
enCell) were transduced with either adenoviral constitutive active 
(ca)ALK1, caALK5 or LacZ (control virus), or with lentiviral ALK1-
shRNA, ALK5-shRNA or vector without shRNA (control). After viral 
infection, BMSC pellets were cultured in serum-free chondrogenic 
medium for 7 days. All aforementioned conditions were stimulated 
with 10 ng/mL TGFβ1, except for caALK1 and caALK5. Pellets were 
harvested for mRNA analysis of ‘chondrogenic’ markers and histolo-
gical evaluation of proteoglycan deposition.

Results: Chondrogenesis was observed in LacZ-transfected BMSC 
pellets (LacZ-BMSCs) stimulated with TGFβ1 as measured by high 
aggrecan mRNA expression and positive proteoglycan staining. 
Overexpressing either caALK1 or caALK5 without stimulating BMSCs 
with TGFβ1 resulted in activation of the SMAD2/3 or SMAD1/5/8 pa-
thway respectively. However, unstimulated caALK1-BMSCs had ~8-
fold and caALK5-BMSCs had ~78-fold lower aggrecan expression 
and proteoglycan staining was absent compared to LacZ-BMSCs sti-
mulated with TGFβ1. Downregulating either ALK1 or ALK5 by shRNA 
in TGFβ1-stimulated BMSCs caused respectively ~18-fold and ~222-
fold lower aggrecan mRNA levels than in the control condition and 
an absence of proteoglycan staining.

Conclusion: Our data suggest that TGFβ needs to activate both its 
ALK5 and ALK1 receptor to initiate chondrogenic differentiation of 
BMSCs. Both receptors seem crucial as BMSC chondrogenesis was 
not initiated when overexpressing constitutive active ALK5 or ALK1, 
and chondrogenesis was absent when downregulating either ALK1 
or ALK5. This study helps to better understand the molecular events 
during chondrogenic differentiation of BMSCs, which is important 
for improving cartilage tissue engineering.

18.3.8
Effect of Leukocyte Content on Efficacy & Safety of Platelet Rich 
Plasma in Treatment of Knee Osteoarthritis: A Network Meta 
Analysis
J.C. Riboh1, B.M. Saltzman1, A.B. Yanke1, L. Fortier2, B. Cole1 
1Chicago/United States of America, 2Ithaca/United States of America

Purpose: Leukocyte-poor platelet-rich plasma (LP-PRP) is hypothe-
sized to be more suitable for intra-articular injection than leukocyte-
rich PRP (LR-PRP) in the treatment of knee osteoarthritis (OA). The 
goal of the present study was to provide a quantitative synthesis 
of level I and II clinical data comparing LP-PRP and LR-PRP in the 
treatment of knee osteoarthritis.

Methods and Materials: The MEDLINE, EMBASE, and Cochrane da-
tabases were reviewed. The primary outcome was the incidence of 
transient adverse reactions. Secondary outcomes were the changes 
in IKDC subjective score, and WOMAC score between baseline and 
final follow-up measurements. A Bayesian network meta-analysis 
was performed, with a post-hoc meta-regression to correct for base-
line differences in WOMAC scores. Treatment rankings were based 
on surface under the cumulative ranking (SUCRA) probabilities.

Results: Six RCT (Level I) and three prospective comparative studies 
(Level II) with a total of 1,055 patientswere included in the analysis. 
Injection of LP-PRP resulted in significantly better WOMAC scores 
than injection of hyaluronic acid (HA) or placebo. No such difference 
was observed with LR-PRP (Figure 1). All treatment groups resulted 
in equivalent IKDC subjective scores. SUCRA analysis showed that 
LP-PRP was the highest ranked treatment for both measures of cli-
nical efficacy (WOMAC and IKDC), Table 1. Finally, PRP injections 
resulted in higher rates of adverse reactions than HA, but there was 
no difference between LR-PRP and LP-PRP. These reactions were 
nearly alwayslocal swelling and pain, with a single study reporting 
medical side effects including syncope, dizziness, headache, gastri-
tis and tachycardia (17/1,055 total patients).

Conclusion: LP-PRP results in improved functional outcome scores 
as compared to HA and placebo when used for treatment of knee 
OA. This study provides early evidence that LP-PRP may be more 
efficacious than LR-PRP with a similar safety profile. Thus, adverse 
reactions to PRP may not directly related to leukocyte content.

 

18.3.9
Effects of Human Serum, PRP & ACP on proliferation, Migration 
& Differentiation of Human meniscus cells from Different Knee 
Conditions
U. Freymann1, L. Degrassi2, G. Hirsh3, J.P. Krüger1, S. Metzlaff1,
M. Endres1, W. Petersen1, C. Kaps1 
1Berlin/Germany, 2Genoa/Italy, 3Charlottesville/United States of 
America

Purpose: Regenerative medicine approaches for the non-vascular 
meniscus are rarely developed and include growth factor-mediated 
tissue repair. In this in vitro study we investigated stimulatory ef-
fects of blood-derived products like platelet-rich plasma (PRP), 
autologous conditioned plasma (ACP) and human serum (HS) on 
proliferation, migration and differentiation of human meniscus cells 
derived from different knee conditions.

Methods and Materials: Meniscus cell migration and proliferation 
upon stimulation with HS, PRP and ACP were assessed by chemo-
taxis assays and measurement of genomic DNA content. Differenti-
ation of meniscus cells was performed in pellet cultures stimulated 
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with 10% HS, 5% PRP or 5% ACP. Meniscal tissue formation was 
evaluated by histological staining of collagen type I and proteo-
glycans as well as by gene expression analysis of meniscal marker 
genes. Stimulatory effects of blood-derived products were also in-
vestigated separately for human meniscus cells derived from trau-
matic or degenerative knee conditions.

Results: Human meniscus cells were attracted by all three blood-
derived products to different extents. Cell proliferation was evident 
upon stimulation with 5% PRP, 5% ACP or 10% HS and in non-stimu-
lated controls. Meniscus cell pellet cultures showed the formation 
of a well-structured meniscus-like tissue matrix with deposition of 
collagen type I and proteoglycans upon stimulation with HS. Sti-
mulation with PRP or ACP resulted in an inhomogeneous fibrous 
extracellular matrix. HS and ACP induced meniscal marker genes 
like aggrecan, cartilage oligomeric matrix protein and biglycan. PRP 
showed no positive effect on meniscal marker gene expression. 
Different stimulatory effects of blood-derived products on human 
traumatic or degenerative knee meniscus cells will be presented.

Conclusion: Among all three tested blood-derived products, human 
serum showed the best proliferating, migrating and differentiating 
effects on human meniscus cells in vitro. These findings suggest 
that human serum might be a beneficial augment in a regenerative 
medicine approach for meniscus repair.

18.3.10
Use of Micronized Allograft Articular Cartilage & Platelet Rich 
Plasma to Augment Marrow Stimulation in an Equine Model
B. Cole1, L. Fortier2, J.L. Cook3, J. Cross2, H. Chapman2, B. Roller3 
1Chicago/United States of America, 2Ithaca/United States of America, 
3Columbia/United States of America

Purpose: The use of a novel scaffold that is potentially conductive 
and inductive such as micronized allograft articular cartilage (Bio-
Cartilage-BC) combined with platelet rich plasma (PRP) was investi-
gated as an adjunct to microfracture.

Methods and Materials: Five adult horses were anesthetized, and 
2 - 10mm diameter full-thickness cartilage defects were created in 
the trochlear ridge in both knees; one proximal (high load) and ano-
ther distal (low load). In one knee, microfracture (MFx) was followed 
by grafting with BioCartilage. BioCartilage was mixed with PRP, in-
jected into the defect with a touhey needle and sealed with fibrin 
under CTM arthroscopy. The opposite limb served as a control and 
received MFx only. Horses were euthanized at 13 months post-ope-
ratively. Outcome was assessed with serial arthroscopy, 3T T2 and 
T1rho MRI, microCT, and histology. Statistics were performed using 
a mixed effect model with response variable contrasts. P≤0.05 was 
considered significant.

Results: No complications such as joint inflammation, infection or 
lameness were encountered. The score for overall repair (12=nor-
mal, 0=complete degeneration) in both the proximal and distal 
defects was significantly better in the BC group compared to MFx 
(proximal BC 7.4±0.51, MFx 4.8±.1; p=0.041) (distal BC 5.6±0.98, 
MFx 2.6±1.5; p=0.022). All significant findings on histology 
(100=normal, 0=complete degeneration) were confined to the pro-
ximal, high load defects. Graft perimeter integration (BC 96±8.9, 
MFx 68±19; p=0.02), graft base integration (BC 100+/- 0.0, MFx 
70±37;p=0.044), subchondral bone architecture under the graft (BC 
66±18, MFx 34±16; p=0.050) and collagen type II BC 82+/-8, MFx 
58±11; p=0.051. There were no significant differences between BC 
and MFx in MRI or uCT analyses.

Conclusion: Micronized allograft articular cartilage (BioCartilage) 
and PRP improve cartilage repair compared to marrow stimulation 
alone in an equine model of articular cartilage defects. This techno-
logy offers promise for the use of homologous allograft tissue as a 
low-cost, safe augmentation procedure for traditional microfracture 
surgery.

18.4.2
Predictors of Cartilage Lesions in Hips with Femoroacetabular 
Impingement
S. Bhatia, D.D. Nowak, K.K. Briggs, M. Philippon 
Vail/United States of America

Purpose: Hip arthroscopy is increasingly being employed to treat 
hip pathology in young, active patients. During this new, minimally 
invasive approach to the hip, cartilage lesions are commonly disco-
vered on arthroscopic investigation. Prior studies have correlated 
cartilage injuries to FAI, labral tears, sex, and age, but none have 
reported factors that predict the presence of grade IV chondral inju-
ries. Left untreated, these lesions may develop into osteoarthritis. 
The purpose of this study was to determine predictors of grade IV 
cartilage defects in the hip. 

Methods and Materials: A prospectively collected database was 
queried for hip arthroscopies from a single surgeon. 1097 hips from 
1097 patients (491 female, 606 male, average age 37) which under-
went hip arthroscopy for pain, had no prior hip surgery, and had the 
presence and grade of cartilage defects recorded, were identified. 
Preoperative physical exam, radiographs, patient demographics, 
and operative details were used to identify predictors of cartilage 
defects. This study was IRB approved.

Results: Grade IV chondral defects were present in 308 of 1097 hips 
(28%). Isolated chondral lesions were more frequently observed 
on the acetabulum (76%) than the femoral head (24%). Defects of 
the acetabulum were most commonly anterosuperior (94.7%) and 
less commonly posterolateral (5.3%). Patients with <2 mm joint 
space on preoperative supine AP radiographs were 8x more like-
ly to have a grade IV lesion versus those with >2 mm joint space. 
Males were more likely than females to have grade IV lesions 
(35%vs.19%;p=0.0001); patients with grade IV lesions were older 
than those without (42vs.34 years;p=0.0001). Radiographs re-
vealed that hips with grade IV lesions had significantly higher alpha 
angles than those without (74vs.70 degrees;p=0.0001). Patients 
with grade IV defects reported a longer course of symptoms preo-
peratively versus those without (37vs.27 months;p=0.007). Logistic 
regression analysis of the data indicated that <2 mm joint space, 
male sex, increasing age, larger alpha angle, and longer duration of 
symptoms were independent risk factors for the presence of grade 
IV chondral defects.

Conclusion: Several factors are associated with grade IV chondral 
defects in patients undergoing hip arthroscopy. These included 
joint space <2 mm, increasing age, male gender, larger alpha angle, 
and longer time course of symptoms preoperatively. The Cam-type 
FAI morphology appears to be more associated with chondral lesi-
ons than Pincer-dominant morphology. 

18.4.3
Parafoveal Chondral Defects & Associated Lesions in Hip 
Arthroscopy Patients
A. Acerbi, V. Ferrari, A. Fontana 
Ramponio Verna/Italy

Purpose: Hip arthroscopy allows to accurately define and localize 
any chondral defect related to FAI. Both acetabular and femoral 
head CAM and PINCER associated lesions have been well described. 
To date, many concerns about their significance exist. More in de-
tail, Parafoveal Chondral Lesions (PCLs) are often associated with 
cartilage damage of other areas of the hip, and their presence could 
be a poor prognostic factor. We managed to define the arthroscopic 
characteristics of PCLs and to establish their importance as risk fac-
tor for other chondral defects.

Methods and Materials: We retrospectively review in a case-control 
analysis 97 patients with a PCL artroscopic diagnosed compared to 
438 patients undergoing hip arthroscopy with other hip lesions. We 
assessed the frequency and distribution of each cartilage damage 
with descriptive statistics for both groups. We conducted a contin-
gency table analysis using Chi-square (and Fisher’s exact) test to 
evaluate the relevance of the presence of a PCL as a Risk Factor for 
other hip lesions. We also compared the pre-operative Modified 
Harris Hip Scores between the groups in order to evaluate clinical 
differences.
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Results: PCLs are more often associated with multiple hip chondral 
lesions in extensively damaged hips. Patients with PCLs are more 
symptomatic and have a worse quality of life. PCLs represent a Risk 
Factor for hip chondropathy and central osteophytes, labrum lesi-
ons and LT tears. PCLs are statistically related with PINCER morpho-
type of FAI.

Conclusion: The presence of PCLs is a very helpful prognostic in-
dex to the hip surgeon: it uncovers a major hip cartilage damage 
and the subsequent need to look for other hip lesions, especially in 
PINCER-type FAI. We expect to find a PCL in symptomatic patients 
with painful hip.

18.4.4
Hip Morphology Influence the Pattern of Articular Cartilage 
Damage
M. Kaya, T. Suzuki, T. Yamshita 
Sapporo/Japan

Purpose: To provide reliable data on chondral damage and compare 
the damage patterns of hip disorders, we observed cartilage lesions 
in 100 consecutive hip arthroscopies.

Methods and Materials: Data were collected at 100 consecutive ar-
throscopies and chondral lesions were recorded on anatomic arti-
cular maps divided into different anatomical zones. This geographic 
zone method allowed the ICRS grade and location to be analyzed in 
relation to the hip morphology. 

Results: There were 819 chondral lesions in 96 patients correlated 
with associated lesions, including 100 acetabular labral tears and 
68 ruptures of the ligamentum teres. In the acetabulum, the most 
commonly affected zones were the anterior superior and middle su-
perior zones and the incidence of full thickness defects was high. 
In the femoral head side, cartilage injuries were centered in the 
superior to lateral areas of the anterolateral and lateral zones. The 
distribution and degree of the chondral defects showed a hip mor-
phology (FAI, borderline dysplasia, hip joint laxity and acetabular 
dysplasia)-specific pattern. 

Conclusion: By evaluation of chondral damage using the geogra-
phic zone method, we have demonstrated that hip morphology in-
fluences the pattern of cartilage damage. 

18.4.5
Arthroscopic AMIC or MACI for the treatment of acetabular 
chondral defcts secondary to FAI.
A. Fontana 
Lanzo D’intelvi/Italy

Purpose: Autologous matrix-induced chondrogenesis (AMIC®), is a 
novel, one-step approach combining microfracture with a collagen 
type I/III matrix (Chondro-Gide®). It has been successfully establis-
hed for treating cartilage defects in the knee and talus. We present 
here for the first time its arthroscopic application in the hip. Additi-
onally we report clinical outcome data on patients who underwent 
Matrix autologous chondrocyte implantation (MACI) or AMIC® for 
the treatment of medium-to-large chondral defects in the hip due to 
femoro-acetabular impingement (FAI).

Methods and Materials: 142 patients, aged 18 to 51 years, average 
lesion size 3.6 cm2 were included in the evaluation. Eighty patients 
treated with MACI (34 with hyalouronic acid scaffold and 46 with 
polymer scaffold), and 62 with AMIC® were assessed pre and posto-
peratively (up to 7 years for MACI and up to 5 years for AMIC®) using 
the Modified Harris Hip Score (MHHS).

Results: Baseline MHHS, mean post-operative MHHS and mean im-
provement at end of study (EOS) were similar for all groups. The 
mean MHHS at EOS were 81.1, 80.1 and 84.0 in patients undergoing 
MACI with hyaluronic acid scaffold, MACI with polymer scaffold, and 
AMIC®, respectively. The mean MHHS changes from baseline to EOS 
were 36.4, 35.7 and 39.4, respectively. The greatest improvement 
was observed in the first 6 months and up to 1 year after surgery. 
Improvements were maintained over time until the EOS.

Conclusion: Based on these results it is safe to conclude that ar-
throscopic MACI and AMIC® both present clinically valid options for 
treating cartilage defects resulting from FAI with clear advantages 
for AMIC®, especially with respect to cost-effectiveness.

18.4.6
Ligamentum Teres Injury is Associated with the Articular Damage 
Pattern in Patients with Femoroacetabular Impingement
M. Kaya, T. Suzuki, T. Yamashita 
Sapporo/Japan

Purpose: The objective of the present study was to investigate the 
association between ligamentum teres injury and hip joint cartilage 
damage pattern in patients with femoroacetabular impingement.

Methods and Materials: We compared the articular cartilage dama-
ge between ligamentum teres-intact and -ruptured hips. Data were 
collected for 77 consecutive patients with femoroacetabular impin-
gement who underwent hip arthroscopy. The chondral lesions were 
recorded on anatomic articular maps using the geographic zone 
method. The patients were divided into two groups (ligamentum 
teres-intact and -injured groups) and the incidence and degree of 
cartilage injury were compared between the two groups using the 
Mann-Whitney U test. 

Results: In patients with ligamentum teres injury, chondral dama-
ge extended to the middle inferior area of the acetabulum [7.6 % 
(grade 1) in the ligamentum teres-intact group, 66.6 % (grade 1; 
12.1%, grade 2; 42.4%, grade 3; 12.1%) in the ligamentum teres-
injured group, P<0.01] and the apex of the femoral head [anterior 
apex: 7.1% (grade 1; 3.8%, grade 2; 3.3%) in the intact group and 
42.4% (grade 1; 30.3%, grade 2; 12.1%) in the injured group, P<0.01; 
middle apex: 7.6% (grade 1; 3.8%, grade 2; 3.8%) in the intact group 
and 63.5% (grade 1; 42.4%, grade 2; 18.15, grade 3; 3.0%) in the 
injured group, P=0.04; posterior apex: 7.6% (grade 1; 3.8%, grade 
2; 3.8%) in the intact group and 42.4% ( grade 1; 30.3%, grade 2; 
12.1%) in the injured group, P<0.01]. 

Conclusion: he current study demonstrated the association bet-
ween ligamentum teres injury and articular cartilage damage in the 
inferior middle part of the acetabulum and the apex of the femoral 
head in patients treated for femoroacetabular impingement. 

18.4.7
Cartilage Loading in the Native Ankle & the Effect of Extrinsic 
Muscle Forces.
T. Natsakis1, J. Burg1, G. Dereymaeker1, J. Vander Sloten1, I. Jonkers2 
1Leuven/Belgium, 2Heverlee/Belgium

Results: A peak pressure of 1.36 MPa was measured for the anterior 
and medial regions of the talar articular surface which was signifi-
cantly higher compared to the central or posterior regions. Further-
more, peak pressure increased signficantly for increased triceps 
surae or tibialis anterior force, whereas peak pressure decreased 
for increased tibialis posterior force. Finally, increased force of the 
gastrocnemius, tibialis posterior or peroneal muscles shifted the 
center of pressure (CoP) towards the posterior and lateral regions 
of the ankle joint. 
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18.4.8
Clinical & MRI Outcomes at the Donor Site of the Knee After 
Autologous Osteochondral Transplantation for Osteochondral 
Lesion of the Talus
E.J. Fraser, I. Savage-Elliott, K.A. Ross, J. Kennedy 
New York/United States of America

Purpose: The purpose of this study was to assess donor site mor-
bidity (DSM) in patients undergoing AOT for talar OCLs and to com-
pare these findings with post-operative magnetic resonance ima-
ging (MRI) of the donor knee. 

Methods and Materials: Thirty-nine patients who underwent 40 
AOT procedures of the talus and had magnetic resonance imaging 
(MRI) scans of the ipsilateral knee donor sites available for retro-
spective review were included. Standard, commercially available 
synthetic biphasic plugs were used to backfill the donor site. Any 
complaints of post-operative knee pain or stiffness were recorded. 
Lysholm scores were collected for the entire cohort. MRI of the do-
nor knee were graded using the MOCART scoring system. Percen-
tage of total graft site infill at the donor site was also calculated 
using MRI. Similarly, data analysis was performed to establish if 
there was any correlation between MRI assessment of the donor 
site and clinical outcomes.

Results: Patients had a mean age of 36.1 years with a mean follow 
up period of was 41.8 months. The range of post-op MRI was 3 to 
48 months post-operatively. Mean MOCART score was 61 out of 100 
points. 12.5% had donor site symptoms noted on two-year clinical 
follow up, which had decreased to 5% at final follow up. In the pa-
tients with symptoms persisting two years or more. Overall, there 
was no significant difference in MOCART scores or graft infill scores 
between groups. Similarly no correlation was seen between MRI 
and clinical outcomes at the donor site. Synthetic plug integration 
was measured using MOCART scoring, with no significant difference 
seen in MOCART score at any time point from 3-48 months.

Conclusion: Overall, donor site morbidity was experienced in the 
first 12 to 24 months post AOT surgery, however at mid-term follow 
up the presence of DSM or functional concerns were minimal. No 
Correlation was found between clinical and MRI outcomes.

18.4.9
Correlation of MRI Appearance of Autologous Chondrocyte 
Implantation in the Ankle with Clinical Outcome
K. Chan, R. Ferkel, B. Kern, S. Chan, G. Applegate 
Van Nuys/United States of America

Purpose: The purpose of this study was to characterize the MRI fin-
dings and correlate them with clinical results in patients who under-
went autologous chondrocyte implantation (ACI) of the talus.

Methods and Materials: Twenty-four grafts were evaluated at a 
mean 65.8 months after ACI for osteochondral lesions of the talus. 
MRI was performed on a 1.5 Tesla and GE scanner using the follow-
ing sequences: sagittal T1 and STIR, axial multi-echo fast spin, an 
oblique coronal-axial proton density fat saturation sequence and 
an oblique coronal proton-density fat saturation sequences. Graft 
appearance was compared with preoperative MRI and was evalu-
ated for six criteria: defect fill, surface regularity, signal pattern, 
bone marrow edema, subchondral plate irregularity, and presence 
of cystic lesions. Clinical outcome was measured with the American 
Orthopaedic Foot and Ankle Society (AOFAS) clinical outcome score.

Results: 22 of 24 (92%) grafts demonstrated over 75 percent defect 
fill. All grafts had a mildly or moderately irregular articular surface. 
Signal pattern of the repair tissue was heterogenous in 23 (96%) 
grafts with 14 (58%) layered and 9 (38%) mottled. Most of the 
grafts (14; 58%) showed decreased amount of bone marrow edema; 
4 (17%) had no change; 5 (21%) had an increase in the amount of 
bone marrow edema. The subchondral plate was abnormal in most 
grafts, with focal defects in 10, slight depression in 7 and both focal 
defects and slight depression in 5. 7 grafts had an increase in cystic 
lesions; the others had no change, decrease or no cysts seen. Mean 
postoperative AOFAS score was 87.5 with a mean improvement of 
39.4.

Conclusion: At 65.8-month mean follow-up, the MRI appearance of 
the ACI grafts show imaging abnormalities but demonstrate good 
clinical results. While MRI is an important tool in the postoperative 
assessment of ACI grafts, the various variations from a normal/non-
operative ankle must be interpreted with caution.

18.4.10
Is the type of Scaffold Impacting the results of Autologous Bone 
Marrow Derived Cells Transplantation in Osteochondral Lesions 
of the Ankle?
F. Vannini, R. Buda, M. Cavallo, L. Ramponi, C. Cavallo, B. Grigolo, 
S. Giannini 
Bologna/Italy

Purpose: The development of scaffolds represented a revolution in 
cartilage repair and a very large number of different scaffolds are 
invading the market. Arthroscopic “One-step” technique basing 
on Bone marrow-Derived Cells Transplantation (BMDCT) achieved 
good results in talar osteochondral lesions repair: it relies on the 
use of cells in association with scaffold for cells support and PRF. 
Aim of this study is to report the results at 5 years of a series of pa-
tients who underwent “One-step” procedure with 3 different types 
of scaffolds used.

Methods and Materials: 308 patients (31.8±10.6 years old) received 
One step technique with 3 different type of scaffolds (41 collagen 
powder, 123 hyaluronic acid membrane and 83 collagen membra-
ne). 154 of these patients had associated arthritis (medium to mo-
derate degree) of their ankle. Cells harvesting, concentration, loa-
ding onto the chosen scaffold and arthroscopic implantation were 
performed in the same surgical session. Clinical evaluation and MRI 
preoperatively and at established follow-up were performed.

Results: Overall AOFAS score was 56.9±14.5 preoperatively, 
86.6±14.0 at 24 months of follow-up, 85.9±16.3 at 48 months and 
84.7±17.5 at 60 months. At 19.2 months 23 cases failed. Generally 
at 24 months collagen powder had a percentage of improvement 
of 69 % ±33, hyaluronic acid membrane of 73% ±28 and collagen 
membrane of 53% ± 42 showing a superiority of hyaluronic acid 
membrane over collagen membrane at this follow up for the per-
centage of improvement (p<0.009). Hyaluronic acid membrane had 
the higher survival rate of the series (p=0.06). When arthritis was 
present, collagen powder showed a worst performance comparing 
with the membranes.
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Conclusion: BMDCT demonstrated to be a valid technique for repair 
of cartilage defect and may be performed using different type of 
scaffolds. The performance of the hyaluronic acid membrane was 
better in terms of survival when compared to other scaffolds.

23.1.2
MRI imaging after cartilage reconstruction with autologous 
membrane induced chondrogenesis (AMIC)
M. Walther, U. Szeimies, A. Staebler 
Munich/Germany

Purpose: Correlation of MRI findings and clinical outcome.

Methods and Materials: 25 consecutive patients (17 male, 8 female, 
average age 32, range 21 to 58) were included in a prospective co-
hort study. All patients were treated with an autologous, matrix in-
duced chondrogenesis (AMIC) due to a cartilage defect of the talus 
larger than 1,5 cm2. The patients were reevaluated at 12 months and 
between 18 and 48 months postoperative with 3,0 Tesla and 1,5 Tes-
la (Pdw fat sat, 2mm slice, high resolution ankle coil, 15 channel, 
Gadolinium). The clinical assessment included the AOFAS score as 
well as the FFI prior surgery and during the follow up.

Results: The Foot Function Index (FFI – 0 best value, 100 worst va-
lue) improved in the category pain from 55.0 (SD 19.6) to 24.5 (SD 
14.5). In the category function the FFI improved from 60.1 (SD 13.7) 
to 28.1 (SD 21.0). The overall FFI score improved significant from 
57.9 (SD 13.7) to 26.5 SD (17.4). The AOFAS Score increased from 
50.8 (SD 17.9) to 81.7 (SD 12.8). During the first year after surgery, 
bone marrow edema (BME) was visible in MRI images, which did 
not show any correlation to clinical symptoms. After 18 months, the 
bone marrow edema decreased. In 21 of the patients we saw mode-
rate effusion. Partial detachment of the collagen membrane showed 
a high correlation with increased pain scores in FFI and AOFAS in all 
follow up examinations. Synovitis in the joint did also show a signi-
ficant correlation with clinical symptoms.

Conclusion: BME is a common finding after cartilage reconstruction 
with a collagen membrane. During the first 12 months the clinical 
value of BME should not be overestimated. A partial detachment of 
the collagen membrane, as well as synovitis showed a high correla-
tion with pain in the clinical scores.

23.2.2
Interleukin-1β Induces Time- and Concentration-Dependent 
MicroRNA Expression in Chondrocyte Media
A. Genemaras1, H. Ennis2, L.D. Kaplan2, C. Huang1 
1Coral Gables/United States of America, 2Miami/United States of 
America

Purpose: During the acute phase of post-traumatic osteoarthritis 
(PTOA), Interleukin (IL)-1β incites a catabolic cascade within carti-
lage. MicroRNAs (miRNAs) are a type of short non-coding RNA that 
regulates the expression of various genes post-transcriptionally. 
The aim of this study was to determine time- and concentration-
dependent effects of IL-1β on the miRNA expression in chondrocytes 
and its media. We hypothesize that IL-1β induces cellular and extra-
cellular changes in miRNA expression in chondrocytes in a time- and 
concentration-dependent manner.

Methods and Materials: For time-dependency studies, chondro-
cytes were stimulated for 8, 16, or 24 hours with 10ng/mL IL-1β (I1). 
For concentrtation-dependency studies, chondrocytes were stimu-
lated for 8 hours with I1 or 20ng/mL IL-1β (I2). Expressions of miR-
16, miR-27b, miR-140, miR-146a, and miR-22 were analyzed using 
RT-PCR. Three independent experiments (n=3) were performed per 
time point and per stimulation concentration. Comparisons were 
performed by two-tailed two-sample Student’s t-test or by an analy-
sis of variance followed by Tukey’s post-hoc test, where applicable.

Results: Stimulation of chondrocytes with I1 elicited distinct, ti-
me-dependent miRNA spectra inside and outside the cells (Figure 
1A&B). In the concentration-dependency studies, I2 significantly in-
creased both cellular and extracellular miR-140 expressions (p=0.01 
and p=0.02, respectively; Figure 2). Stimulation with I2 also signi-

ficantly increased extracellular expression of miR-27b as compared 
to control media (p=0.004).

Conclusion: Our results show for the first time that miRNAs are 
exported into chondrocyte culture media when subjected to an in-
flammatory environment. After 16 hours of IL-1β injury, most miRNA 
expressions are significantly different as compared to controls, sug-
gesting a time interval for the administration of early intervention 
therapies. Also, extracellular expressions of miRNAs were influ-
enced by increasing IL-1β concentration. Expression of miRNAs in 
culture media could allow for the development of biological markers 
for the early diagnosis of cartilage injury and PTOA. Future studies 
include investigating the extracellular miRNA spectra of synovio-
cytes and meniscus cells.
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23.2.3
The effect of Rapamycin on Osteoarthritic Chondrocytes
H. Zwickl1, E. Niculescu-Morzsa1, M. Mikula2, A. Preitschopf1, S. Nehrer1 
1Krems/Austria, 2Vienna/Austria

Purpose: Autophagy is an evolutionarily conserved mechanism for 
the lysosome-mediated degradation of parts of the cytoplasm. It 
prevents apoptosis by resolving potential pro-apoptotic conditions 
(e.g., removal of defective mitochondria) or by interfering with the 
apoptotic machinery. Recently, its age-related loss has been sug-
gested to contribute to development of osteoarthritis (OA). Pro-
inflammatory cytokines play a decisive role in OA pathophysiolo-
gy. Tumor necrosis factor-alpha and interleukin-1beta suppress 
synthesis of matrix constituents and induce expression of metal-
loproteinases as well as pro-inflammatory cytokine secretion by 
chondrocytes. Purpose of this study was to investigate the effect of 
rapamycin, a potent inducer of autophagy, on apoptosis and cytoki-
ne-induced expression of osteoarthritic chondrocytes.

Methods and Materials: Chondrocytes were isolated from oste-
oarthritic cartilage obtained from patients undergoing total knee 
arthroplasty (n=10). Cells were treated with TNF-alpha or IL-1beta 
(10 ng/ml). Autophagy induction was performed with rapamycin (25 
nM). Inhibition of TORC 1, the main target of rapamycin, was confir-
med via Western blot for 4E-BP1 and SeK1 dephosphorylation. Apo-
ptosis was measured via caspase 3/7 activity assay. RT-PCR was 
performed to determine cytokine-induced alterations of expression 
levels of COL2a1, Col1a1, aggrecan, versican, MMP-3, MMP-13, and 
NOS-2. Chondrocytic secretion of TNF-alpha, IL-1beta, IL-1ra, IL-6 
due to treatments was quantified via Luminex technology.

Results: Neither TNF-alpha nor IL-1beta induced apoptosis. Ho-
wever, rapamycin reduced basal levels of caspase 3/7 activity ir-
respective of the presence of pro-inflammatory cytokines. Both 
cytokines similarly influenced chondrocytic gene expression by si-
gnificantly reducing COL2a1 and aggrecan and upregulating MMPs 
and NOS-2 mRNA levels. Rapamycin pronouncedly increased Col1a1 
and reduced aggrecan expression but did not interfere with cytoki-
ne-induced alterations. Analysis of the secretome alterations due to 
the diverse treatments is in progress.

Conclusion: Rapamycin-induced autophagy primarily reduces cas-
pase 3/7 activity, a marker for apoptosis. Although, it does not inter-
fere with cytokine-induced gene expression of osteoarthritic chon-
drocytes, rapamycin might be a promising candidate for OA therapy.

23.2.4
Cartilage Repair by joint Distraction is Triggered by a 
Regenerative Transcriptional Response
S.C. Mastbergen, A. Miranda, K. Coeleveld, B.P. Meij, P.M. Van Roermund, 
M.A. Tryfonidou, F.P.J.G. Lafeber 
Utrecht/Netherlands

Purpose: Joint distraction provides long-term improvement of pain 
and function, accompanied by intrinsic cartilage repair evaluated in-
directly by imaging and biochemical markers in humans with knee 
osteoarthritis (OA) (Wiegant et al, 2013). Moreover, joint distraction 
results in cartilage repair activity in an experimental canine model 
of OA, which corroborates with the structural observations of carti-
lage repair by surrogate markers in humans (Wiegant et al, 2014). 
Despite these promising results little is known about the exact me-
chanisms that boost them. This study evaluates for the first time the 
regenerative transcriptional response during joint distraction in an 
experimental model of osteoarthritis.

Methods and Materials: Knee OA was induced in 8 dogs according 
the Groove model. After 10 weeks of OA induction 4 animals recei-
ved joint distraction (D) while the remaining 4 served as disease 
controls (OA). After 4 weeks of distraction, joint tissues including fat 
pad, synovium, meniscus, bone and cartilage were recovered and 
qPCR analysis of state-of–the-art regenerative gene markers (>35) 
was performed. 

Results: The OA group revealed an upregulation of typical OA mar-
kers, like matrix metalloproteinases, collagen, apoptosis, amongst 
others, validating the implemented disease in specifically cartilage, 
bone and synovial tissue. Joint distraction provoked their downre-
gulation and the maintenance of some important matrix remodeling 
genes for regeneration, e.g. aggrecanase. Moreover, genes from 

several pathways were differentially expressed between the D and 
OA group, including TGF-β, Wnt and Notch signaling pathways. In-
terestingly, a high number of events occurred in bone, highlighting 
the importance of this tissue in the regenerative outcome of distrac-
tion on OA cartilage.

Conclusion: Distraction is a good candidate for knee OA treatment 
resulting in clinical and structural changes. This unique study de-
monstrates that joint distraction initiates a transcriptional regulati-
on of several important regenerative genes indicating that a reset of 
joint homeostasis can lead to cartilage repair in OA.

23.2.5
The down-regulation of RacGAP OCRL1 Causes Aberrant 
Activation of Rac1 in Osteoarthritis Development
S. Zhu, J. Dai, H. Liu, X. Cong, Y. Chen, Y. Wu, H. Hu, B.C. Heng,
H.W. Ouyang, Y. Zhou 
Hangzhou/China

Purpose: Chondrocyte hypertrophy and mineralization are consi-
dered to be important pathological factors in Osteoarthritis (OA). 
We previously found that Rac1 was aberrantly activated to promote 
chondrocyte hypertrophy, mineralization, and expression of MMP13 
and ADAMTS in OA. However, the underlying mechanism of aber-
rant Rac1 activation in OA is unclear. This study is to identify the 
specific molecular regulator controlling Rac1 activity in OA, as well 
as to investigate its function in chondrocyte hypertrophy and OA de-
velopment.

Methods and Materials: OA and normal articular cartilage were ob-
tained to analyze the expression levels of twenty-eight upstream re-
gulators of Rac1 including eight GAPs (GTPase-activating proteins) 
and twenty GEFs (Guanine nucleotide exchange factors) by qPCR. 
Chondrocytes were transduced with lentiviral vectors encoding 
OCRL1, GAP, NonGAP, CA-Rac1 and DN-Rac1, either alone or in com-
bination. Chondrocyte mineralization was assayed with Alizarin Red 
Staining and ALP staining. Rac1 activity was analyzed by pull-down 
assay. Finally, a mouse OA model was established through surgical 
transection of anterior cruciate ligament followed by intra-articular 
injection of OCRL1 encoding lentivirus. Histological examinations of 
whole joints were subsequently performed 6 weeks after surgery.

Results: RacGAP OCRL1 was abundantly expressed in normal car-
tilage while it is significantly down-regulated in OA cartilage. Inde-
ed, overexpression of OCRL1 inhibited IL1β-induced Rac1 activity, 
chondrocyte mineralization, and hypertrophy-related gene expres-
sion. Conversely, knockdown of OCRL1 elevated Rac1 activity and 
promoted chondrocyte mineralization. Further, OCRL1 modulated 
Rac1 activity via its GAP domain. Finally, intra-articular injection of 
OCRL1-encoding lentivirus protected OA cartilage from destruction 
and degeneration in a mouse model. 

Conclusion: OCRL1 acts as a cartilage tissue-specific RacGAP to im-
pede chondrocyte hypertrophy and OA development through mo-
dulating Rac1 activity. This regulatory pathway is of great value in 
providing potential targets for the development of new OA thera-
peutics.

23.2.6
Fatty Acids Concentrations in Synovial Fluid are Associated with 
OA. Omega 6:3 ratio is Lower in OA
S. Clockaerts1, W. Wei1, C.C.H. Van Der Lest2, J.A.N. Verhaar1,
G. Van Osch1, Y.M. Bastiaansen-Jenniskens1 
1Rotterdam/Netherlands, 2Utrecht/Netherlands

Purpose: Fatty acids influence cartilage metabolism and osteoar-
thritis (OA) disease progression. Although the effect of different fat-
ty acids (FA) is still subject of investigation, it is assumed that a low 
omega 6:3 polyunsaturated FA ratio in serum and synovial fluid has 
a beneficial impact on OA. The aim of this study is to investigate the 
presence of different types of FA in synovial fluid of healthy and os-
teoarthritic joints, and to analyse differences between both groups.

Methods and Materials: 6 synovial fluid samples were obtained 
from post-mortem donors (Articular Engineering, Northbrook, UK) 
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with no clinical history of joint disease or arthritis, and 23 samples 
were collected from patients with end stage knee OA undergoing to-
tal knee replacement (with approval of medical ethical committee). 
Measurement of FA concentration was done by mass spectrometry 
for saturated FA, monounsaturated FA, and 3- and 6- polyunsatura-
ted FA. Statistical analysis to analyse differences between groups 
was performed with Mann-Whitney-U test. A p-value of less than 
0.05 was considered significant. 

Results: Our measurements demonstrated the presence of satura-
ted, monounsaturated, omega 3-, and 6 polyunsaturated fatty acids 
in synovial fluid from healthy and OA knee joints. Sapienic acid 
(p<0.05) and arachidonic acid (p<0.05) (omega 6 polyunsaturated 
FA) were significantly lower in OA patients, while tetracosadienoic 
(p<0.0001) acid and nervonic acid (p<0.01) (monounsaturated FA) 
were increased in patients with OA. Our analysis also demonstrates 
a significant lower omega 6:3 polyunsaturated fatty acid ratio in 
knee OA than in healthy joints (see Figure).

Conclusion: Fatty acids are present in the synovial fluid. Their com-
position in synovial fluid is associated with OA disease. This is the 
first study reporting the detailed fatty acid composition of the syno-
vial fluid from end-stage osteoarthritis patients and the comparison 
with non-OA synovial fluid.

23.2.7
Chondrogenic Progenitor Cells Provide a Novel Insight to 
Phagocytic Activities within Cartilage
C. Zhou, H. Zheng, J.A. Martin 
Iowa City/United States of America

Purpose: Chondrogenic progenitor cells (CPCs) have been identified on 
the cartilage surface post injury, as well as in osteoarthritic cartilage. 
CPCs serve chondroprotective and regenerative functions but in their 
initial response to cartilage injury overexpress markers associated with 
dendritic cells. Based on these findings we hypothesized that CPCs car-
ry the potential to clear cell and matrix debris through phagocytosis. To 
test this we compared phagocytotic capacity of CPCs to chondrocytes.

Methods and Materials: Scratches on bovine knee cartilage were 
created to stimulate CPCs migration. After culturing for ten days, 
CPCs and chondrocytes were isolated and cultured with DiO-labeled 
cell debris for various time periods. Confocal microscopy and flow 
cytometry analyses were performed to determine phagocytosis 
events in both cell types

Results: Confocal microscopy images show CPCs migrating toward 
cartilage injured site (Fig 1A). In CPCs, most DiO-labeled cell debris 
appeared to be engulfed within the cytoplasm, while in chondro-
cytes, most of the label appeared to be bound to the cell membra-
ne (Fig 1B). Flow cytometry quantitatively confirmed that DiO+ CPC 
percentage was significantly higher than chondrocytes at each time 
point (3hrs, 6hrs, 12hrs and 24hrs) (Fig 2). In addition, DiO+ CPCs 
increased dramatically (12.58% for 3hrs, 43.53% for 6hrs) and pea-
ked at 12hrs (53.20%), while DiO+ chondrocytes increased slightly 
(4.18%, 6.66%, 8.08%, and 11.56%, respectively).

Conclusion: CPCs showed much higher and sustained uptake of cell 
debris than chondrocytes. Though not conclusive these findings 
support the hypothesis that CPCs play a role in clearing cell debris 
in damaged cartilage. The physiologic significance of this activity is 
unclear, but it is conceivable that it neutralizes the pro-inflammato-
ry activity of cell debris, an essential step in wound healing.

23.2.8
Correlation of Electromechanical Properties with Histological 
Scores & Mechanical Properties in Human Tibial Plateau
S. Sim1, A. Chevrier1, M. Garon2, E. Quenneville2, M.D. Buschmann1 
1Montreal/Canada, 2Laval/Canada

Purpose: The purpose of the study was to investigate if electrome-
chanical properties of human tibial plateau correlate strongly with 
histological scores and with biomechanical properties as in human 
distal femurs (Sim et al., 2014).

Methods and Materials: Six pairs of tibial plateau from human do-
nors (5 males and 1 female, average age 48 years) were provided by 
RTI Surgical (FL, USA). Ex vivo electromechanical properties were 
mapped across entire articular surfaces using the Arthro-BST. The 
device calculates a quantitative parameter (QP) which corresponds 
to the number of microelectrodes in contact with the cartilage when 
the sum of their streaming potential reaches 100 mV (inversely pro-
portional to electromechanical activity). A total of 56 osteochondral 
cores were then harvested to be tested in unconfined compressi-
on to obtain the fibril modulus (Ef), equilibrium modulus (Em), and 
permeability (k) prior to histoprocessing. Safranin O-Fast Green-
stained paraffin sections were assessed with the Mankin score. The 
QP corresponding to the cored site was calculated as the average of 
all QPs measured within 6 mm from the core center.

Results: Safranin O-Fast Green-stained sections showed a decrease 
in matrix GAG staining and worse structural integrity as the QP in-
creased as expected (Fig.1). The QP decreased with increasing Ef(r 
= ρ–0.73, p<0.0001; Fig.2A) and Em (r=ρ–0.30, p=0.0186; Fig.2C) 
whereas the QP increased with Mankin Score (r=0.50, p=0.0004), 
permeability (r=0.64, p<0.0001; Fig.2B) and thickness (r=0.42, 
p=0.0006; Fig.2D).
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Conclusion: Similar correlations of the QP with histological score 
and mechanical parameters were observed in human tibial plateau 
as in distal femurs, thus reinforcing the interpretation of QP as an ac-
curate assessment of cartilage quality. In addition, there was a po-
sitive correlation between QP and cartilage thickness, which could 
be related to topographical variations present on the tibial plateau 
surface. Considering these results, we believe that the Arthro-BST 
can provide a reliable tool for articular cartilage assessment.

23.2.9
Mapping Articular Cartilage Biomechanical Properties of Normal 
& Osteoarthritis Mice Using Indentation
J. Lavoie1, S. Sim1, E. Quenneville2, M. Garon2, A. Moreau1,
M.D. Buschmann1, C. Aubin1 
1Montreal/Canada, 2Laval/Canada

Purpose: Due to their size (~1mm), mouse models pose significant chal-
lenges to map biomechanical properties over their articular surfaces. 
The purpose of this study was to determine if an automated indenta-
tion technique could be used to map the biomechanical properties of 
the articular surfaces in murine knees and to identify early alterations 
of the articular cartilage of a mouse strain (STR/ort) that spontaneously 
develops osteoarthritis (OA) on the medial side of their knees. 

Methods and Materials: The biomechanical measurements were 
performed ex vivo, on the left femoral condyles and tibial plateaus 
of two healthy 15-week-old Balb/c males and two age- and sex-mat-
ched STR/ort mice, using a 3-axis mechanical tester equipped with 
a multiple-axis load cell. Indentation measurements (30-42/cartila-
ge surfaces) were performed using a 0.35 mm diameter spherical 
indenter (30 mm indentation in 1 second with 20 second relaxation). 
Following biomechanical testing, the articular surfaces were fixed in 
4% paraformaldehyde for histological assessment.

Results: In healthy animals, mapping of the structural stiffness at 
an indentation depth of 10 µm showed a spatial distribution similar 
to that of larger animals (Fig 1 insert). The structural stiffness (mean 
±SE, n=2 animals) was similar on the lateral condyles and plateaus 
of the healthy and OA mice. In contrast, in OA mice the stiffness for 
the medial condyles (Fig.1) and plateaus (Fig.2) was significantly lo-
wer than that of the healthy mice (ANOVA, p<0.05).

 

Conclusion: This study shows that this automated indentation tech-
nique can map the biomechanical properties of murine knee joints. 
The identification of cartilage regions with lower structural stiff-
ness, at sites known to develop OA in the STR/ort strain, suggests 
this method can be used to identify and characterize OA affected 
articular surfaces. Studies are ongoing to validate, by histology, the 
cartilage quality of the affected areas.

23.2.10
Hyaluronic Acid Binding Technology for Cartilage Lubrication
A. Singh, M. Corvelli, J. Elisseeff 
Baltimore/United States of America

Purpose: To address lubrication dysfunction in articular joints, we 
developed a clinically relevant one-step hyaluronic acid (HA) injec-
tion technology that retains HA in joints for a prolonged period of 
time and enhances the lubrication properties of normal and arthritic 
cartilage tissues.

Methods and Materials: A polymer-peptide conjugate with collagen 
and hyaluronic acid binding peptides (HABPep) was synthesized 
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and applied to normal and arthritic cartilage surfaces. The lubrica-
tive properties of treated cartilage surfaces were tested by a parallel 
plate rheometer. HA retention in rat articular joints was monitored 
in vivo with an IVIS imaging system.

Results: The data from our experiments suggested that the HAB-
pep-polymer could capture HA that is found in low concentrations in 
a diseased environment or lost through a physical or biological me-
chanism. HABpep-polymer provided a stable anchor on the tissue 
surface that was necessary to dynamically bind and concentrate HA 
on the surface. In rat normal joints, HA through HABpep was reta-
ined for at least 72 h compared to the control (< 24 h). Normal carti-
lage treated with HA-binding coatings and pre-incubated in HA was 
able to replicate the low friction characteristics of native cartilage 
tested in an HA-rich environment. This pivotal result suggests that 
most of the lubrication effects of HA on the tissue can be replicated 
by surface-bound HA alone, without the need for large concentra-
tions of HA in the local environment. Similar to the results from the 
normal cartilage surfaces, the OA cartilage samples treated with 
HABpep-HA polymer coating produced static and kinetic friction va-
lues nearly equal to those found with testing in an HA bath. 

Conclusion: In summary, biomaterials-mediated strategies that lo-
cally bind and concentrate HA can provide physical and biological 
benefits to treat tissue-lubricating dysfunction and coat medical 
devices.

23.3.2
Frequency & Distribution of Knee Cartilage Lesions. Results from 
an Arthroscopic & Spectroscopic (NIRS) Study
G. Spahn, M. Hoffmann, H. Plettenberg, G.O. Hofmann 
Eisenach/Germany

Purpose: NIRS (near-infrared spectroscopy) has been demonstrated 
to be able to make an objective grading of degenerative cartilage 
lesions. Therefore, we have undertaken this study to evaluate the 
potential of NIRS-based cartilage grading in a large number of cases

Methods and Materials: A total of 148 patients had undergone knee 
arthroscopy. Cartilage lesions were graded using the ICRS (Interna-
tional Cartilage Repair Society) score. The evaluation and grading 
of cartilage lesions was performed in 14 concretely determined 
joint areas (regions of interest, ROI). The surgeon performed NIRS 
measurements within the cartilage surface in the same areas.

Results: A total of 2,072 NIRS measurements within the ROI and 
a determination of the WOAKS_NIRS (Whole-Organ-Arthroscopic 
Knee-Score_NIRSA) were performed in all knees. Correct measure-
ments were obtained in a total of 1,965 regions (94.8%). In all 32 
complete (ICRS grade IV) defects and one grade 3 lesion, the NIR-
devices output was “no cartilage” (n=33). The mean NIRS value in 
normal cartilage (ICRS 0) was 64.2 (95% CI 62.9 – 65.4). In grade 
1 lesions, the NIRS value was 56.2 (95% CI 55.1 -57.3), and it was 
52.6 (95% CI 51.5 – 53.8) in grade 2 lesions. The mean NIRS value 
in grade 3 lesions was 42.5 (95% CI 41.5 – 43.5). These differences 
were significant (p<0.001).

Conclusion: NIRS was demonstrated as a sufficient and practical 
method for the evaluation of cartilage lesions in a large number of 
consecutive patients.

23.3.3
Evidence-Based Decision Making in Knee Cartilage Restoration: 
Results of a Comprehensive Network Meta-Analysis and Meta-
Regression
J.C. Riboh, G.L. Cvetanovich, B. Cole, A.B. Yanke 
Chicago/United States of America

Purpose: Synthesis of the literature on knee cartilage restoration is 
difficult due to the multitude of treatments compared in randomized 
trials (RCT). Network meta-analysis (NMA) is a statistical technique 
that allows integration of RCTs with varied designs, providing a 
stratification of treatments including microfracture (Mfx), first and 
second-generation ACI, matrix-induced ACI (MACI) and osteochon-
dral autograft plugs (OATS).

Methods and Materials: The MEDLINE, EMBASE and Cochrane data-
bases were searched for RCT comparing surgical treatment options 
for knee chondral defects. The primary outcome was re-operation. 
Secondary outcomes included Tegner score, Lysholm score, ICRS 
repair assessment, and the presence of hyaline cartilage on post-
operative biopsy. A Bayesian NMA was performed, followed by me-
ta-regression to determine the influence of covariates. Treatment 
rankings were based on the surface under the cumulative ranking 
(SUCRA) probabilities.

Results: Twenty-one RCT from 16 individual cohorts including 928 
patients met inclusion criteria. The defects included in these studies 
were a mean of 3.49 +/- 1.1 cm2. Mean age was 31.5 +/- 6.1 years. 
Pairwise treatment comparisons (Figure 1) and treatment rankings 
(Table 1) were obtained for each outcome. Second generation ACI 
was the highest-ranking treatment in terms of re-operation rates. 
OATS resulted in higher Tegner scores than Mfx, and there was a 
trend towards improved Tegner scores with MACI as compared to 
Mfx. All advanced treatments had significantly better ICRS grades 
than Mfx. Surprisingly, second-generation ACI had higher ICRS 
grades than OATS. When all outcomes were combined, second 
generation ACI and MACI were the top ranking treatments. Meta-
regression of the re-operation data showed that advanced chondral 
procedures have greater effectiveness in patients younger than 30.

 

Conclusion: Network meta-analysis shows that advanced chondral 
procedures are more effective than microfracture with respect to all 
outcome variables. While no treatment ranked highest for all outco-
mes, second generation ACI and MACI had the highest cumulative 
ranks. 
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23.3.4
The UK Cartilage Consensus Paper
L.C. Biant1, M.J. Mcnicholas2, A.P. Sprowson3, T. Spalding3 
1Edinburgh/United Kingdom, 2Liverpool/United Kingdom, 
3Coventry/

United Kingdom

Purpose: United Kingdom (UK) clinician consensus paper on the 
surgical management of isolated articular cartilage defects in the 
knee. In the era of strict licensing, off-label usage, health funding 
scrutiny, products and techniques of unproven safety and efficacy; 
the clinicians have produced a consensus position based on their 
interpretation of the evidence available.. 

Methods and Materials: A structured open independently-chaired 
consensus meeting of clinicians was held in the absence of Industry. 
All the available evidence relating to articular cartilage repair prima-
ry and salvage surgery was examined and interpreted. A consensus 
paper was written for circulation to all attendees, members of the 
British Association for Surgery of the Knee and UK members of the 
International Cartilage Repair Society for their input and signature. 

Results: A framework for responsible innovation and evidence-ba-
sed surgery was constructed. An evidence-based algorithm of sur-
gical options presented. There is evidence for first-line use of cell 
therapy for defects over the biomechanically critical size. Smaller 
defects are equally well served by microfracture or its variants. Mo-
saicplasty has declining indications 

Conclusion: UK clinicians have combined to produce a powerful 
evidence-based algorithm of best surgical options for treatment of 
isolated articular cartilage lesions of the knee

23.3.5
High Reliability of Predictive Models for Non-Operative Healing 
Potential of Stable Juvenile Osteochondritis Dissecans Knee 
Lesions
J.D. Haskel, T.J. Uppstrom, E.B. Gausden, R. Meyer, Y. Shin,
J.T. Nguyen, D. Green 
New York/United States of America

Purpose: Krause et al. (2013) and Wall et al. (2008) have described 
models to predict a patient’s probability of healing with non-opera-
tive treatment based on patient and lesion characteristics. The Wall 
et al. nomogram incorporates normalized lesion length, normalized 
lesion width, and pain type, while the Krause et al. model includes 
normalized lesion width, patient age, and the size of concurrent 
cyst-like lesions. The purpose of this study was to determine inter- 
and intra-observer reliability of the predictive nomograms.

Methods and Materials: We retrospectively evaluated a consecu-
tive series of children with open physes, who underwent non-ope-
rative treatment for stable JOCD lesions. Thirty-four patients (40 
knees) were included in the study. At two time points at least one 
week apart, two medical students, two orthopaedic surgeons, and 
a radiologist made measurements of the JOCD lesions as described 
by Wall and Krause. These measurements, along with patient ages 
and pain type, were used to generate a point value for each lesion 
based on both the Krause and Wall models. Intra-class correlations 
(ICC) were calculated using the point value data obtained from the 
nomograms to determine inter- and intra-rater reliability.

Results: Based on the Landis & Koch (1977) threshold, we found 
near perfect intra-rater correlation for all raters in terms of indivi-
dual OCD measurements, as well as total point score as calculated 
by both Krause and Wall methods (Table 1). Additionally, amongst 
the five raters there was near perfect inter-rater reliabilities in total 
scores, as well as substantial to near perfect reliability in measuring 
the individual components of the scores (Table 2). 

Conclusion:

There is high inter- and intra-rater reliability for both the Krause and 
Wall point systems for predicting healing of JOCD lesions. These 
models appear to be important tools for helping doctors and pati-
ents reliably predict the healing potential of non-operative manage-
ment of JOCD lesions.

23.3.6
The Costs Associated with the Perioperative Management of 
Articular Cartilage Lesions in the United States
J.Y. Zhang, J.R. Cohen, J.C. Wang, F.A. Petrigliano, D. Mcallister,
K.J. Jones 
Los Angeles/United States of America

Purpose: The purpose of this study was to examine the periopera-
tive costs associated with the evaluation and surgical management 
of symptomatic focal cartilage lesions of the knee.

Methods and Materials: We performed a retrospective review of a 
national private insurance database (PearlDiver) using Current Pro-
cedural Terminology codes to identify all patients who underwent a 
cartilage repair procedure between 2008 and 2010: microfracture, 
osteochondral autograft (OAT), osteochondral (OC) allograft, and 
autologous chondrocyte implantation (ACI). The associated charge 
codes for the 1-year preoperative and postoperative periods were 
categorized as imaging, outpatient visits, rehabilitation, joint injec-
tions, and repeat procedures for postoperative complications. The 
charges for each of these categories were calculated and the per-
patient average charge (PPAC) was calculated by dividing charges 
by the total number of patients in each cohort.

Results: We identified 41,191 patients who underwent a cartilage 
procedure. The PPAC was $3,989.65 for microfracture, $6,110.46 
for OATs, $6,671.42 for OC allograft, and $10,195.16 for ACI. When 
overall perioperative and surgical costs were consolidated, the 
PPAC for ACI remained the highest ($16,016.70) and the PPAC for 
microfracture was the lowest ($7,258.51). Overall, diagnostic ima-
ging represented the largest proportion of preoperative costs while 
rehabilitation was highest out of postoperative costs. The costs for 
secondary procedures performed for postoperative complications 
were highest for ACI patients ($730.00) and lowest for microfracture 
patients ($231.16). Repeat procedures for ACI primarily addressed 
knee stiffness (11%) and cartilage hypertrophy (10%), while no 
microfracture patients had such additional procedures.
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Conclusion: The significant variability in cost for each procedure 
should be considered along with current clinical outcomes data to 
support surgical decision-making and determine the most cost ef-
fective solutions for each patient. Based on currently available data, 
microfracture is a cost effective treatment, thereby lending support 
to its role as the “gold standard” in the management of chondral 
defects.

23.3.7
Comparison of Immediate and Delayed Mechanical Loading after 
Microfracture Surgery
M. Park, M. Chartterjee, E. Cheung, B. Zimmerman, L. Snyder-Mackler, 
X..L. Lu 
Newark/United States of America

Purpose: Continuous passive motion is often recommended for re-
habilitation after microfracture surgery. However, over 50% of sur-
geons prescribe partial-weight-bearing immediately after surgery. 
Little scientific evidence is available for the design of rehab proto-
cols for microfracture. In this study, a novel in vitro osteochondral 
culture model was developed to simulate the microfracture proce-
dure and to compare the outcome of immediate and delayed me-
chanical loading.

Methods and Materials: Cartilage-bone explants were harvested 
from the tibia plateau of calf knee joints. A lesion was created in 
the center of the cartilage and filled with autologous bone marrow. 
The explants were cultured for 7 weeks in control medium (group 
1: Control) or chondrogenic medium (group 2: Chon) to investigate 
the necessity of TGF-β3. Dynamic cyclic loading at the physiological 
level was applied on the explants in chondrogenic medium from day 
1 (group 3: Direct) or the third week of culture (group 4: Delayed). 

Results: Chon medium improved the volume, mechanical stiffness, 
integration, GAG and collagen contents of the repaired tissue in 
comparison with the control group (Fig 1). The two-week delayed 
mechanical stimulation generated stronger tissue than the imme-
diate loading after 7-week culture. Expression of COL I, COL II, and 
ACAN genes in the Delayed group were also higher than the Direct 
group (Fig 2A-F). Type II collagen was formed in both loaded groups 
and integrated with the surrounding cartilage (Fig 2H), and a thin 
layer of type I collagen was formed in the top zone.

 

Conclusion: Our results indicate that a localized long-term delivery 
of TGF-β3 to the bone marrow could significantly promote the ge-
neration and integration of new repair tissue after microfracture 
surgery. A delayed mechanical loading on the lesion site is more 
beneficial for new tissue generation than immediate compressive 
loading after surgery. 

23.3.8
Return to OR rates for Cartilage Restoration Procedures:
A Retrospective Review of Prospective Large US Commercial 
Insurance Database
F. Mccormick1, S. Rosas1, B.J. Erickson2, R.M. Frank2, T. Law1,
B. Nwachukwu3, C. Nguyen1, B.R. Bach, Jr2, B. Cole2 
1Fort Lauderdale/United States of America, 2Chicago/United States 
of America, 3New York/United States of America

Purpose: Purpose: To describe the rate of return to the operating 
room for cartilage restoration procedures (microfracture (MFX), au-
tologous chondrocyte implantation (ACI), osteochondral autograft 
transplantation (OATS), and osteochondral allograft (OA) proce-
dures) at 90 days, 1 year, and 2 years. 

Methods and Materials: We performed a retrospective analysis of 
a prospectively collected commercially insurance company databa-
se. We performed a query based on Current Procedural Terminology 
Codes (CPT) for microfracture MFX (29879), autologous chondrocyte 
implantation ACI (27412), OATS (29866, 29867) and Osteochondral 
allograft OA (27415, 27416). Medical records were evaluated for any 
return to the operating room within the follow-up period querying: 
diagnostic arthroscopy with biopsy (CPT-29870), lysis of adhesions 
(CPT-29884), synovectomy (29875, 29876), arthroscopy for infec-
tion or lavage (CPT 29871), arthroscopy for removal of loose bodies 
(29874), chondroplasty (29877), unicompartmental knee arthro-
plasty (27446) and total knee arthroplasty (27438, 27446, 27447).
Descriptive statistical analysis and contingency table analysis were 
performed. P<.05 was deemed significant.

Results: Within our private payer database from 2007 to 2011, we 
identified 44,170 MFX, 1825 OATS, 652 ACI, and 1068 osteochondral 
procedures within the study period. Return to the OR rates for each 
cartilage restoration procedure is listed in Table 1. We found no sta-
tistically significant difference existed between the four procedures 
p=0.837 (Table 1). 
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Comparison of return to the OR 90 day 1 Year 2 Years 

ACI (652) 7.50% 29.06% 34.51% 

OA (1068) 6.28% 15.14% 20.87% 

OATS (1825) 6.90% 11.11% 14.09% 

MFX (44,170) 5.66% 11.53% 14.34% 

Conclusion: In our large US private payer database, we found no 
significant difference in return to the OR rates at 90 days, one year, 
or two years amongst cartilage restoration procedures.

23.3.9
Return to Sport Following Cartilage Repair in the Knee
A.H. King1, A.J. Krych1, R.J. Williams2 
1Rochester/United States of America, 2New York/United States of 
America

Purpose: Increased participation in competitive athletics has led to 
an increase in articular cartilage injuries of the knee. To date, the 
optimal surgical treatment of chondral defects in an athletic popula-
tion remains highly controversial. The purpose of this review was to 
compare the outcome of various treatments for cartilage damage in 
a population of athletes.

Methods and Materials: A comprehensive review of the literature 
was performed with specific inclusion criteria for studies with re-
turn to sport outcomes after microfracture, osteochondral autograft 
transplantation, osteochondral allograft transplantation, autolo-
gous chondrocyte implantation, and biologics. Studies included 
reported on International Cartilage Repair Society grade III or IV 
chondral defects in the knee.

Results: Twenty-eight studies met inclusion criteria, leading to a re-
view of 1736 patients. Table 1 displays a breakdown of patients by 
treatment type. Return to sport was possible in 75.9% overall, with 
highest rates of return after osteochondral autograft transplanta-
tion (84.9%) and osteochondral allograft transplantation (80.9%). 
Osteochondral autograft transplantation showed significantly 
higher results compared to autologous chondrocyte implantation 
(78.2%; p=0.03), biologics (72.6%; p=0.001), and microfracture 
(71.7%; p<0.001). Osteochondral autograft transfer showed the fa-
stest return to sports (7 ± 2 months). Average return to sports was 8 
± 1 months after microfracture, 18 ± 4 months after autologous chon-
drocyte implantation, 10 ± 3 months after osteochondral allograft 
transplantation, and 11 ± 3 months after biologics. 

Table 1. Distribution of patients by treatment type.

Treatment Type # Patients

Osteochondral Autograft Transplantation 238

Osteochondral Allograft Transplantation 68

Autologous Chondrocyte Implantation 508

Biologics 215

Microfracture 707

Conclusion: Osteochondral autograft transplantation offered a si-
gnificantly higher rate of return to pre-injury athletics in a review 
of 1736 patients undergoing cartilage repair in the knee. This treat-
ment technique also allowed for the fastest return to sport. Overall, 
cartilage repair in athletes allows for a high level of return to sports.

23.3.10
The Fate of Patients Who Do Not Undergo Implantation Following 
Biopsy for Future Autologous Chondrocyte Implantation
K.A. Campbell, G.L. Cvetanovich, A.K. Tilton, M. Smith, N. Scalise, 
J.C. Riboh, B. Cole, A.B. Yanke 
Chicago/United States of America

Purpose: Autologous cartilage implantation (ACI) is an effective 
treatment for patients with symptomatic chondral lesions. The pur-
pose of this study is to determine the reasons why some patients do 
not undergo ACI implantation and to determine factors associated 
with symptomatic improvement after the biopsy procedure. 

Methods and Materials: Between 2008 and 2012, all patients were 
identified who underwent ACI biopsy by a single surgeon. Patient 
demographics, preoperative imaging, and surgical data were revie-
wed. Patients with minimum two-year follow-up who had not under-
gone implantation were surveyed as to why they failed to undergo 
ACI implantation and other subsequent procedures. Descriptive sta-
tistics were determined.

Results: 57 of 125 patients (45.6%) who underwent ACI biopsy did 
not complete implantation at 3.8+/-1.4 (range 2.0-6.2) years follow-
up. Of those who did not undergo implantation, 55.6% of patients 
were male with age 26.3+/-10.4 (range 9.5-48.6). Preoperative 
imaging showed average Kellgren-Lawrence grade of 0.34 (range 
0-2) and MRI subchondral edema in 66.7%. At the time of biopsy, 
96.3% of lesions were ICRS grade 3 or greater and lesion size was 
3cm2(range 0.5-6.25). Lesion distribution was as follows: 53.7% 
patella, 22.2% trochlea, 11.1% medial femoral condyle, and 13.0% 
lateral femoral condyle. Most patients did not undergo implanta-
tion due to symptomatic relief from the debridement and biopsy 
(51.9%). Less common reasons included not being interested in fur-
ther surgery (13.0%), insurance denial (9.3%), and concern that im-
plantation would be ineffective (7.4%). 16.7% of patients underwent 
further surgery at 14.9 months after biopsy, including two knee ar-
throplasties and four osteochondral allografts.

Conclusion: Greater than forty five percent of ACI biopsy patients 
did not complete second-stage implantation. Over half of patients 
who did not pursue implantation cited symptomatic relief from the 
biopsy and chondral debridement, with less common reasons being 
insurance denial and desire not to proceed with further surgery. 

23.4.2
Platelet rich plasma (PRP) vs Viscosupplementation for the 
Treatment of Degenerative Knee Pathology: a Randomized 
Controlled Trial.
G. Filardo, B. Di Matteo, M.L. Merli, A. Di Martino, M. Lo Presti,
M. Marcacci, E. Kon 
Bologna/Italy

Purpose: The aim of the present study is to evaluate the benefit 
provided by Platelet Rich Plasma (PRP) injections to treat knee de-
generative pathology by the comparison with Hyaluronic Acid (HA), 
the most common injective treatment currently adopted for this pa-
thology

Methods and Materials: 443 patients were screened and 192 of 
them enrolled according to the following inclusion criteria: 1) mo-
nolateral symptomatic knee with history of chronic pain (at least 4 
months) or swelling; 2) imaging findings of degenerative changes 
(Kellgren Lawrence score: 0 to 3 at X-ray or MRI evidence of dege-
nerative chondropathy). Patients underwent 3 weekly intra-articular 
injections of either PRP or HA. PRP was obtained from a single 150-
ml peripheral venous blood harvesting and produced in a dedicated 
facility in a Transfusion Medicine Service. Patients were prospec-
tively evaluated basally and then at 2, 6, and 12 months of follow-up 
using: IKDC subjective (main outcome), KOOS, EQ-VAS, and Tegner 
scores. Range of motion, trans-patellar circumference, patient satis-
faction, and adverse events were also documented.

Results: Two patients reported severe pain and swelling after HA 
injections, whereas PRP presented overall significantly more post-
injective swelling and pain. Both treatments proved to be effective 
in improving knee functional status and reducing symptoms: IKDC 
subjective score in PRP group raised from 52.4 ± 14.1 to 66.2 ± 16.7 
at 12 months (p<0.0005) whereas in HA group it raised from 49.6 
± 13.0 to 64.2 ± 18.0 at 12 months (p<0.0005). A similar trend was 
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observed for all the clinical scores used. The comparative analysis 
of the two treatments showed no significant inter-group difference 
at any follow-up evaluation in any of the clinical scores adopted.

Conclusion: PRP does not provide a superior clinical improvement 
with respect to HA, and should therefore be considered a second 
line approach for the treatment of patients affected by knee cartila-
ge degeneration and OA.

23.4.3
HA vs PRP: Double-blind RCT Comparing Clinical Outcomes & 
Intra-articular Biology for Treatment of Knee Arthritis
B. Cole1, L. Fortier2, V. Karas1, K. Hussey1, A.K. Tilton1, N.N. Verma1, 
B.R. Bach, Jr1, B. Forsythe1 
1Chicago/United States of America, 2Ithaca/United States of America

Purpose: The purpose of this double-blind prospective randomized 
clinical trial is to compare platelet-rich plasma (PRP) to hyaluronic 
acid (HA) for the treatment of knee osteoarthritis (OA) using valida-
ted clinical outcome measures and biologic correlates associated 
with OA.

Methods and Materials: Patients with minimum 3 months of sym-
ptomatic unilateral knee OA and Kellgren-Lawrence Grade 1-3 
OA were randomized into two cohorts. One cohort received three 
weekly ultrasound-guided injections of HA and the other received 
three weekly injections of PRP. All patients were seen at 6-, 12-, and 
24-weeks following their index treatment where they completed a 
survey including Lysholm, IKDC, WOMAC, and VAS pain and under-
went clinical examination. Ultrasound-guided aspiration of the knee 
for synovial fluid analysis was performed at each treatment visit and 
at 3- and 6-month follow-up. Synovial fluid was grouped and analy-
zed via ELISA assay for catabolic factors TNF-α, IL-1B/IL-F2, IL-1ra/
IL-1F3, IL-6, and CXCL8/IL-8.

Results: 111 patients (mean age 56.2 +/- 10.2 years; 53 male, 58 
female) met inclusion criteria and were randomized into the HA or 
PRP cohort. Eleven (9.9%) patients were lost to follow-up or unwil-
ling to complete the study. On all scales, outcomes improved signi-
ficantly from the index visit at 6 months post-treatment (p<.01). PRP 
had a higher IKDC (p<.02) and lower VAS pain scores at 6-month 
follow-up (p<.01) compared to HA. Lysholm and WOMAC trended 
toward greater improvement in the PRP group but did not demons-
trate statistical significance. The PRP cohort had significantly higher 
IL-6 concentration than the HA cohort at 6-month follow-up (p=.02). 
There were not significant differences in concentrations of the other 
catabolic factors analyzed.

Conclusion: This study shows significant improvement of pain and 
function at 6 months with the use of intra-articular PRP and HA for 
the treatment of OA. Findings further suggest that PRP may be su-
perior for treating the active patient with OA.

23.4.4
Characterization & Comparison of Concentrated Bone Marrow 
Aspirate & Platelet Rich Plasma
E.J. Fraser1, J.M. Cassano2, J. Kennedy1, L. Fortier2 
1New York/United States of America, 2Ithaca/United States of America

Purpose: To characterize and compare bone marrow aspirate con-
centrate and PRP produced from two commercially available sys-
tems.

Methods and Materials: Twenty-nine patients were included in this 
prospective study. Whole blood (WB) and bone marrow aspirate 
(BMA) was taken from all patients at time of surgery. Samples of 
WB and BMA were taken for analysis prior to them being centrifuged 
in two separate commercially availbale system to produce concen-
trated bone marrow aspirate (cBMA) and platelet-rich plasma (PRP). 
cBMA samples and BMA from the same patient were then plated in 
equal volumes and assessed for colony forming units. Flow cytome-
try was done using described CD markers for mesenchymal stem 
cells. Additionally all cBMA, BMA, PRP, WB samples were assessed 
using multiplex ELISA to measure levels of growth factors and cy-
tokines including TGF-B 1/2/3, FGF, VEGF, PDGF, IL-1/8, TNF, IRAP. 

Cytology for platelet, red cell and white cell quantification were also 
carried out, as well as a total nucleated cell count and differential 
count. Statistical analysis was used to determine if there was a si-
gnificant difference in CFU between the two system for producing 
cBMA. Additionally analysis was used to compare cytology, growth 
factors and cytokines. 

Results: Both system showed significantly increased CFU number 
compared with control (BMA). Additionally there was a significant 
difference in CFU between the two sytems for cBMA production. 
Interesting IRAP levels in both the cBMA samples were noted to 
be significantly increased over control, and similar or higher than 
previously reported levels of IRAP in autologous conditioned se-
rum (ACS). By comarision levels in WB were significantly lower than 
cBMA and PRP had significantly less IRAP than WB. Levels of other 
interleukin and growth factors also varied between cBMA, BMA, PRP 
and WB. 

Conclusion: There was a significant difference in ability of the two 
systems in concentrating MSCs. Additionally variation in cytokines 
and growth factors were seen, with baseline levels of IRAP for all 
samples being established.

23.4.5
Evidence of Long Term Durability on Autologous Tenocyte 
Injection (ATI) for Treatment of Chronic Lateral Epicondylitis
A. Wang, B. Breidahl, K. Mackie, T. Ackland, M. Zheng 
Perth/Australia

Purpose: Chronic lateral epicondylitis is associated with degene-
rative tendon changes, extracellular matrix breakdown and tendon 
cell loss. To continue our previous 12 month pilot study on ATI for 
severe tendinopathy associated with chronic lateral epicondylitis 
(Wang et al AJSM 2013), herein we provide long-term follow up (36 
months) data on ATI efficacy. 

Methods and Materials: Patients with severe refractory lateral epi-
condylitis underwent clinical evaluation and MRI prior to interventi-
on. A patellar tendon needle biopsy was performed and tendon cells 
expanded by in vitro culture in a GMP-certified TGA-licensed facility. 
As single injection of autologous tenocytes into the common ex-
tensor tendon origin tendinopathy under ultrasound guidance was 
performed. Patients underwent serial clinical evaluations (VAS pain, 
QuickDASH, grip strength and MRI) for up to 5 years post-injection. 
Repeat MRI scanning was performed at 1 year and at least 3 years 
post-injection. 

Results: Twenty patients (11M:9F; mean age 49.4 years) were in-
cluded in the study, with three patients withdrawing consent prior 
to ATI. Mean symptoms duration pre-recruitment was 31 months. 
Mean follow-up time was 4.5 years. No biopsy complications or any 
adverse events, infection or excessive fibroblastic reactions at the 
injection site were observed. One patient elected for surgery three 
months post-ATI after re-injury, and one died of natural causes du-
ring follow-up. In the remaining 15 patients, mean pain scores im-
proved from 5.7 to 1.2 at final follow-up (p<0.001). Mean QuickDA-
SH score and grip strength scores also significantly improved over 
follow-up (84% and 207% increase, respectively; p<0.001). MRI sco-
ring of tendinopathy grade at the common extensor origin improved 
significantly at 12 months (p=<0.001), and was maintained to final 
follow-up. 

Conclusion: ATI significantly improved clinical function and MRI ten-
dinopathy scores at 3-year follow up in patients with chronic lateral 
epicondylitis having previously undergone unsuccessful conserva-
tive treatment. This study advocates the long term durability of ATI 
in treating tendinopathy. 
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23.4.6
Improved Cartilage Repair with Peptides that Modulate 
Hyaluronan Signaling
T. Kirsch1, N. Danna1, B. Beutel1, E. Strauss1, E. Turley2, C. Toelg2,
L. Luyt2, M. Cowman3

1New York/United States of America, 2London/Canada, 3Brooklyn/
United States of America

Purpose: The purpose of this study was to determine whether a 
15mer peptide mimic of RHAMM that blocks interaction of this recep-
tor with hyaluronan (HA) fragments.will lead to the formation of hy-
aline cartilage in the cartilage repair site after microfractire surgery.

Methods and Materials: Full-thickness cartilage defects were crea-
ted in the weight bearing area of the medial femoral condyle in fe-
male sexually mature New Zealand White rabbits. The defects were 
treated with surgical microfracture. Rabbits were randomly assigned 
to receive three weekly injections for the first three weeks after sur-
gery with a RHAMM-mimetic peptide mixture with high M HA or high 
M HA alone. At 3 months post-microfracture, the animals were sacri-
ficed and cartilage repair was determined grossly and histologically.

Results: Macroscopic observations revealed that the rabbit joints 
injected with peptide/HA showed marked improvement in the repair 
of the defect site compared to the repair in rabbit joints injected 
with HA alone. The results of safranin O staining of sections of the-
se knee joints revealed that the tissue regenerated in the defects 
of knee joints injected with peptide/HA had viable chondrocytes 
arranged in lacunae structure as in native cartilage tissue. This re-
generated cartilage had abundance of cartilage matrix denoted by 
the more intense safranin O staining. The matrix in the regenerated 
tissue was homogenously distributed. The tissue regenerated was 
closely integrated with the native cartilage tissue and subchondral 
bone below it. In contrast, the defect injected with HA alone showed 
only very poor cartilage regeneration. In addition, the regenerated 
cartilage showed a fibrocartilage-like appearance rather than a hy-
aline cartilage appearance as seen in the repaired defects of thera-
peutic agent-injected knee joints.

Conclusion: This study identified a novel therapeutic formulation 
containing a RHAMM-mimetic peptide and high M HA that interferes 
with RHAMM signaling and results in a great improvement of carti-
lage repair after microfracture surgery.

23.4.7
IL-1 catabolic effect is Reverted by Ex Vivo Mechanical 
Stimulation of Human OA Cartilage Exlants
E. Assirelli, P. Dolzani, L. Pulsatelli, R. Meliconi, E. Mariani, S. Neri 
Bologna/Italy

Purpose: Accumulating evidence suggests that physiological joint 
loading helps maintain cartilage integrity while reduced loading/
overloading have catabolic effects. However, the regulation mecha-
nisms are not completely elucidated: most of the studies has been 
conducted on isolated chondrocytes, while few data are available 
on human cartilage tissue. We aimed at investigating chondrocyte 
response to ex vivo compression of human OA cartilage explants.

Methods and Materials: Case series: 10 OA patients (72,2 ± 7,02 
years) undergoing knee arthroplasty. Cartilage biopsies were sub-
jected to controlled physiological compression in the Flexcell FX-
4000C stage presser apparatus (Flexcell Int., USA). Explants and 
culture supernatants were then recovered and used for gene and 
protein expression analysis, histological scoring and immunohi-
stochemical analyses of cartilage homeostasis markers. Loaded 
samples were compared to non-compressed ones in presence or 
without IL-1β alone or in combination with IL-4, the latter selected 
for its pivotal role in chondrocyte anabolic response to mechanical 
stimulation.

Results: Mechanical stimulation was able to modify the expres-
sion of aggrecan, collagen II, SOX9 and ADAMTS4 molecules. In 
particular, we observed that the proinflammatory effect of IL-1 on 
collagen II and aggrecan was significantly counterbalanced by me-
chanical compression both in basal conditions and in the presence 
of IL-4 (collagen II: basal vs. IL-1 and IL4 vs. IL-1 p<0.05 in non 
compressed samples, not significant after compression; aggrecan: 
basal vs. IL-1 and IL4 vs. IL-1 p<0.05 in non compressed samples, 
not significant after compression).

Conclusion: Mechanical stimulation plays a central role in the main-
tenance of cartilage homeostasis, but is also involved in the patho-
genesis of OA. Our data seem to indicate that physiological com-
pression of OA human cartilage tissue could counteract the effect of 
the inflammatory milieu by modulating cartilage matrix component 
metabolism. These data stimulate further studies to better eluci-
date the role of mechantransduction on cartilage behavior both in 
normal and pathologic conditions.

23.4.8
Two-Years Follow-Up After Transplantation of Mesenchymal 
Stem Cells for Knee Articular Cartilage Focal Lesions
M.I. Iosifidis1, T. Kyriakidis1, E. Michalopoulos2, T. Chatzistamatiou2, 
A. Papasavas1, I. Tsitouridis1, K. Stavropoulou2, A. Kyriakidis1 
1Thessaloniki/Greece, 2Athens/Greece

Purpose: The use of mesenchymal stem cells (MSCs) is an evolving 
treatment option for cartilage lesions. The purpose of this prospec-
tive case series study was to evaluate the 2-years follow-up results 
of this matrix-induced cell-based technique, comparing them with 
the early results after one-year p.o.

Methods and Materials: Twenty ICRS grade 3 and 4 cartilage de-
fects (mean size 4.3 cm2 /1.7 - 6.1 cm2) in 19 patients (11 male and 8 
female, mean age 31.36 years/ range 16-45) were treated with ma-
trix-induced autologous transplantation of adipose-derived MSCs, 
isolated from abdominal subcutaneous fat and culture-expanded. 
The patients were followed for at 1st, 3rd, 6th,12th and 24th p.o. month 
(mean f.u. 23.8 months) using the KOOS and the IKDC forms, where-
as the non-parametric Wilcox Signed Ramk test was used to deter-
mine the differences between the preoperative and postoperative 
values (p<0.05). In addition the patients underwent MRI (3 Tesla) 
at the 12th and 24th p.o. month using the MOCART scoring system for 
repair evaluation. 

Results: No complications and/or adverse events had been re-
ported; There was a significant increase in the mean values of the 
IKDC (from 46.1 to 70.4 and 76.5 p=0.05) and all KOOS subscales 
(Symptoms-Stiffness from 52.8 to 75.7 and 86.8- p=0.06, Pain from 
54.0 to 86.0 and 90.5- p=0.02, Activities of Daily Living from 51.6 to 
90.8 and 92.5- p=0.02, Sports and Recreation from 27.2 to 60.7 and 
76.8- p=0.02, and Knee-related Quality of Life from 25.0 to 62.7 and 
80.8- p=0.013) from pre-op to 12th and 24th month p.o. respectively. 
The MOCART score revealed significant development of tissue re-
sembling the healthy cartilage both in 1st and 2nd p.o. year.

Conclusion: There are promising results for the treatment of focal 
knee chondral lesions with MSCs, which seem to be durable after 2 
years follow-up and markedly improved from the 1st to the 2nd p.o. year. 

23.4.9
Deposition of Cartilage in Collagen Sponges by Bone Marrow 
Mesenchymal Stem Cells Grown in the Presence of the OA drug, 
Pentosan Polysulfate
J. Wu1, T. Goldschlager2, S. Shimmon1, S. Gronthos3, A. Zannettino3, 
P. Ghosh2 
1Sydney/Australia, 2Melbourne/Australia, 3Adelaide/Australia

Purpose: Our previous studies demonstrated that the anti-osteoar-
thris drug, Pentosan Polysulfate (PPS), stimulated Mesenchymal 
Stem Cells (MSC) chondrogenic differentiation in micromass/pellet 
cultures. In the present study we examined the ability of this drug to 
induce MPC proliferation and deposit a cartilage matrix when these 
cells were seeded in a collagen sponge. 

Methods and Materials: Stro-1+ immunoselected bone marrow 
MSC cells (70,000) were injected into 4mm cubes of Gelfoam spon-
ges cultured in DMEM+10% FBS supplemented with 0.1 - 20.0 ug/
ml PPS for up to 21 days in the absence (control) or presence of PPS. 
In some cultures TGF-Beta-3 (0- 20ng/mL) was included. Cell proli-
feration and viability was monitored by DAPTI staining after fixation 
and by 3H - Thymidine incorporation into DNA. Proteoglycan (PG) 
synthesis was quantified by incorporation of 35-S into sulphated 
glycosaminoglycans and MPC gene expression was monitored on 
days 7,14 and 21 using real-time PCR (RT-PCR). 
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Results: DAPTI showed that MPC viability and proliferation was 
maintained in sponges over 21 days. DNA synthesis was maximal 
with 2.5 ug/mL PPS (p < 0.03) on day 10. Proteoglycan biosynthesis 
was PPS concentration and time dependent.. Maximal PG synthesis 
(82% > control, p = 0.0005) occurred with 2.5 ug/mL PPS on day 
10, while 100% > control was observed on day 14 (p < 0.0001). TGF-
Beta-3 induced maximal PG synthesis by MPC at 10ng/mL (400%, p 
= 0.00001) but this effect was enhanced synergistically in the pre-
sence of 5.0 ug/mL PPS (p = 0.00001). Maximal SOX-9, Aggrecan 
and type II collagen gene expression was observed by RT - PCR at 
PPS concentrations of 2.5 -10 ug/mL. 

Conclusion: These studies have shown that human bone marrow 
derived MSC cultured in collagen sponges for 3 weeks in the pre-
sence of PPS deposit a cartilage matrix, thereby offering a novel 
application of this anti-osteoarthritis drug for the repair of osteo-
chondral defects. 

23.4.10
Do Human Chondroprogenitors Produce Stable Cartilage?
D. Studer1, F. Formica1, K. Maniura2, M. Zenobi-Wong1 
1Zurich/Switzerland, 2St Gallen/Switzerland

Purpose: This study investigated the use of human epiphyseal 
chondroprogenitors (ECPs) as a novel cell source for cartilage rege-
neration. ECPs are derived from fetal cartilage and we hypothesized 
they could more reproducibly produce phenotypically stable cartila-
ge than that derived from human bone marrow stromal cells (MSCs) 
and human adult chondrocytes (AC).

Methods and Materials: Collagen scaffold (Optimaix-3D, Chondro-
Gide®, Novocart® 3D) were seeded at two cell densities and cultured 
for 3 or 6 weeks in a transforming growth factor-β3 containing medi-
um. Gene expression, matrix production and mechanical properties 
were measured. 

Results: The high seeding density in Optimaix-3D scaffolds resulted 
in the most uniform cell distribution and ECM production and was 
used for the rest of the study. High collagen 2 synthesis and low 
collagen 10 expression was found consistently with ECPs. MSCs, as 
revealed by immunohistology and gene expression showed strong 
collagen 2 expression, but also high levels of 1 and 10. AC-laden 
constructs were mechanically most stable but high donor variability 
was apparent in GAG/DNA measures and collagen 2 staining.

Conclusion: The limitations of MSCs and ACs which include phe-
notypic instability, donor-to-donor variability, and inadequate cell 
number may be overcome through the use of epiphyseal chondro-
progenitors. They represent a potentially important off-the-shelf 
cell source which produces stable cartilage and thus could be consi-
dered for use in a one-step cartilage repair procedure.
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P01
A molecular basis for refrigerated osteochondral allografts as a 
durable cartilage repair material
L. Ding1, B. Zampogna1, S. Vasta1, K.W. Jang1, F. De Caro2, J.A. Martin1, 
A.N. Amendola1

1Iowa City/United States of America, 2Bologna/Italy

Purpose: To uncover a molecular basis supporting refrigerated os-
teochondral allografts (OCAs) as durable cartilage repair materials 
through comparing the expression level of 4 major matrix degrading 
metalloproteinases between donor OCA cartilage and patient pa-
thologic cartilage at the time of OCA transplantation (OCT).

Methods and Materials: Immediately after each OCT, cartilage sli-
ces sampled from the lesion and intercondylar notch of patient’s 
operated knee, and from the remaining OCA were cultured in DMEM/
F12 for 24 hrs. The culture media were then collected for metallopro-
teinase assessment. The slices were either left untreated or treated 
with pro-inflammatory cytokines. After another 24 hrs, culture me-
dia were saved for metalloproteinase analysis with Western blotting 
and cartilage slices were analyzed for PG content with DMMB assay. 
The percentage of dead chondrocytes in OCA cartilage was estima-
ted by staining enzymatically isolated chondrocytes with calcein AM 
and ethidium homodimer-2.

Results: The longer OCAs were stored at 4 °C, the more dead chon-
drocytes while the less PG content were observed in cartilage, 
which the former displayed a more linear relationship with storage 
time than the latter. At the time of implantation, refrigerated OCA 
cartilage still contained significantly higher PG than did patient di-
seased cartilage (Figure 1A&B). The baseline release of MMP-3 or 
ADAMTS-5 from patient diseased cartilage as well as response to 
pro-inflammatory cyAAines was markedly greater than that from 
OCA cartilage (Figure 2A&B). Similar pattern was observed when ex-
amining the expression level of MMP-13 or MMP-1 (data not shown).

Conclusion: Compared to patient diseased cartilage, the expressi-
on level of matrix damaging metalloproteinases in refrigerated OCA 
cartilage was remarkably lower. This offered solid support to the ob-
servation that PG content in OCA cartilage was significantly higher 
than that in patient diseased cartilage. The low expression level of 
metalloproteinases may form a molecular basis for the durability of 
refrigerated OCAs as a cartilage repair material.

P02
Molecular approaches to the screening and optimization of 
osteochondral allograft cartilage
E. Lewallen1, S. Riester1, Y. Lin1, C. Bonin1, D. Jones1, E. Camilleri1, 
C. Galeano-Garces1, W. Qu1, J. Smith1, A.N. Larson1, M. Stuart1,
J. Westendorf1, S. Kakar1, H. Im2, A.J. Krych1, A. Van Wijnen1  
1Rochester/United States of America, 2Chicago/United States of 
America

Purpose: The primary goals of this study were to (i) characterize the 
molecular phenotypes of allograft chondrocytes derived from diffe-
rent donor types, (ii) define bio-markers for screening allograft qua-
lity, and (iii) engineer allografts that optimize vertical and horizontal 
integration within repaired host cartilage. The clinical endpoint of 
this work is to determine donors, preservation methods, and engi-
neering strategies that will enhance knee cartilage repair.

Methods and Materials: Cartilage samples were obtained from 
three human donor types: living, recently-deceased, and commer-
cially-processed osteochondral allograft. Gene expression profiling 
was conducted using real-time quantitative PCR and high through-
put RNASeq. Clinically relevant molecular biomarkers were selected 
from a list of differentially expressed genes, and validated using 
functional assays in ex vivo cell culture in anticipation of a rabbit 
model for examining cartilage integration and repair.

Results: Our data reveal differential gene expression values among 
the three tissue types for select cartilage markers, particularly epi-
genetic regulators and transcription factors that are known to aid in 
articular cartilage development and maintain homeostasis. In addi-
tion, temperature sensitive genes were differentially expressed and 
may link to preservation method and/or time since living.

Posters
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Conclusion: Our work provides a framework for validating the quali-
ty of cartilage tissue implanted at the time of surgery. These results 
have direct translational relevance for high demand repairs of knee 
articular cartilage damage, such as in the case of junior athletes and 
older patients with an active life-style. Our definition of a biomar-
ker panel diagnostic for human osteochondral allografts may aid in 
selecting allografts that are most similar to non-allograft articular 
cartilage tissues, and therefore have the highest probability of fa-
vorable engraftment. Further, we will leverage molecular results to 
develop strategies that allow proactive enhancements of allograft 
cartilage tissues.

P03
Biomechanical Study of All-Inside Meniscal Allograft 
Transplantation Using Anatomic Bone Sockets and TightRope 
Cortical Fixation
S.L. Sherman1, K. Bauer2, M.A. Mooberry1, F. Pfeiffer3, P.A. Smith1, 
J.L. Stannard1  
1Columbia/United States of America, 2Los Angeles/United States of 
America, 3Boonville/United States of America

Purpose: This study investigates a novel MAT technique that com-
bines the benefits of all-inside arthroscopic surgical techniques with 
requirements of anatomic footprint restoration and secure meniscal 
root fixation. The study compares the biomechanical properties of 
root fixation of the “Mizzou” MAT technique with the native lateral 
meniscus root insertions.

Methods and Materials: Eight cadaveric knees were used. DXA 
scans were performed of the donor MAT and recipient tibias prior to 
the investigation. For each specimen, the native anterior and poste-
rior meniscal root insertions of the lateral meniscus were evaluated 
during cyclic loading and load to failure. Each specimen then under-
went MAT using the “Mizzou” MAT technique. The technique uses 
arthroscopically placed anatomic bone sockets (9.5mm

wide X 3mm deep) and MAT pre-loaded with TightRope devices at 
the meniscal roots, secured with cortical tibial fixation (see figure). 
Specimen were once again tested for cyclic load and load to failure 
of each individual root insertion of the MAT with results compared 
statistically.

Results: The average bone density of the transplants and recipient 
tibias was .461g/cm2 and .502cm2, respectively, with no signifi-
cant differences between groups. Maximum load to failure of the 
native anterior and posterior meniscal root insertions was 277.90 
+/- 92.63 and 298.12 +/- 87.89, respectively. During cyclic loading 
at 100N, the anterior and posterior root insertion stiffness(N/mm) 
of the MAT were 72.2% and 75.9% of the native insertion stiffness 
(p=.09, p=.08). During maximum load to failure, the anterior and 
posterior root insertion strength (N) was 78.2% and 77.5% of native 
tissue (p=.15, p=.17). No specimen failed through the TightRope 
construct.

Conclusion: Our novel MAT demonstrated acceptable cyclic load 
and load to failure when compared to native lateral meniscal root 
insertions, without failure through the TightRope. Advantages in-
clude technical ease, bone stock preservation, and use of all-inside 
arthroscopic techniques, without compromising anatomic footprint 
restoration and secure root fixation.

P04
Human Allogeneic Articular Chondrocytes Activated Natural 
Killer Cells
S. Abe, H. Nochi, H. Ito  
Asahikawa/Japan

Results: 1, NK cells proliferated by co-culture with allogeneic ACs 
in cell proliferation assay. (Figure 1) 2, The expression of CD69 on 
NK cells increased by co-cultured with allogeneic ACs. The expressi-
on of activating receptor NKp44 and NKp46 increased by co-culture 
with ACs. The expression of inhibitory receptor CD159a on NK cells 
increased, too. (Figure 2) 3, At the message level (mRNA) we could 
detect HLA-E in ACs 

Conclusion: The present study demonstrated that allogeneic articu-
lar chondrocytes induced the proliferation of NK cells and activated 
NK cells. Furthermore the expression of natural cytotoxic receptor 
NKp44 and NKp46 on NK cells also increased. However, the inhibi-
tory receptor NKG2A increased by co-culture with allogeneic articu-
lar chondrocytes. NKG2A might be induced by the ligand HLA-E on 
articular chondrocytes. These results indicated that the activity of 
NK cells is regulated by a variety of activating and inhibitory surface 
receptors.
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P05
Potential application of X-ray microcomputed tomography in 
meniscal allograft measurements
P. Mickiewicz1, M. Binkowski1, H. Bursig2, Z. Wróbel1  
1Chorzow/Poland, 2Katowice/Poland

Purpose: Measurements of meniscal allografts are usually perfor-
med using a sliding caliper and cotton or silk thread. Sliding caliper 
is used to measure length and width and thread is used to measure 
circumference. Dissected allografts are not imaged before trans-
plantation and all measurements are performed manually. It may 
cause differences between measurements obtained with use of va-
rious tools. X-ray microcomputed tomography (XMT) as a technique 
is widely used to image various types of tissues. Meniscal allografts 
can also be imaged and analyzed using XMT. The aim of this study 
was to create 3D models of meniscal allografts based on XMT data 
and comparison of manual and digital method of meniscal measure-
ments.

Methods and Materials: Dissected menisci were measured accor-
ding to the general principles traditionally applied in Tissue Bank 
Katowice. Then, the same specimens were scanned by laboratory 
scanner in XMT Lab. Acquired 3D models of allograft geometry were 
measured using a novel protocol enhanced by computer software. 
Measured dimensions were as follows: length, width and circum-
ference. Afterwards, pairs of measurements were compared using 
statistical tests.

Results: The preliminary results have shown significant differences 
between lengths and widths of the medial menisci measured in Tis-
sue Bank and XMT Lab (Fig.1 and 2).

 

Fig.1. Differences between lengths of medial menisci measured in 
Tissue Bank (TB) and XMT Lab. 

Fig.2. Differences between widths of medial menisci measured in 
Tissue Bank (TB) and XMT Lab.

Conclusion: Differences in meniscal dimensions may be caused by 
difficulties in measurements of dissected meniscus. It is connected 
with elastic structure of meniscus. The XMT method may be very 
useful tool for preservation of meniscal allograft shape. It can sim-
plify the measurements of menisci.

P06
Assessment Of Cell Viability Of Fresh Osteochondral Allografts In 
An Antioxidant Enriched Medium
R. Calvo, M. Espinosa, D. Figueroa, L.M. Pozo, J.P. González,
P. Conget  
Santiago/Chile

Purpose: Objective: To evaluate the effect of an antoxidant enriched 
storage medium on fresh osteochondral viability at 4 ° C Hypothe-
sis: Cell viability of chondrocytes obtained from human osteochon-
dral tissue and stored at 4 ° C improves significantly in the presence 
of the antioxidant.

Methods and Materials: Materials and Methods: Experimental stu-
dy in 11 samples of femoral condyle osteochondral tissue. Samples 
were obtained from patients undergoing total knee replacement. 
The samples were kept stored at 4 ° C in PBS or three concentrations 
of an antioxidant (AO 1,2,5mM) and disrupted enzymatically at time 
0 and 4 weeks. Cell viability was analyzed by flow cytometry. The 
results of cell viability (median) were analyzed statistically using 
non parametric Kruskall Wallis test. P values   <0.05 were considered 
statistically significant.

Results: Results: The viability at time 0 was considered 100%. At 
4 weeks, the cell viability in the control group (PBS) was 35.6%, in 
the group stored with AO 1 mM was 76.9%, in the group stored with 
2mM AO was 50% and in the group stored with AO 5 mM was 25%. 
A statistically significant difference from baseline viability (time 0) 
was observed in PBS control group (p = 0.0481), 2 mM AO (0.0442) 
and 5 mM AO (0.005). However, in the group stored with 1 mM AO, 
no statistically significant difference with the initial viability was ob-
served (p = 0.605).

 

Conclusion: Conclusions: The use of the antioxidant studied at 1 
mM concentration prevents a significant decrease in cell viability in 
chondrocytes obtained from human osteochondral tissue. However 
higher concentrations do not prevent this fall. Clinical Relevance: 
The enrichment of the storage medium of fresh osteochondral allo-
grafts with an antioxidant, could increase the storage time of these 
and thus the time window for its use in patients.

P07w
Osteochondral Allograft Matching by Radius of Curvature
C.A. O’Neill, J. Parekh, D. Bernstein, H. Jones, P. Noble, P.C. McCulloch  
Houston/United States of America

Purpose: Osteochondral allograft transplantation (OCA) is the cur-
rent standard for treating articular cartilage defects with associated 
subchondral bone loss. OCA offers a method of bony defect replace-
ment and live chondrocyte implantation. However, allograft expira-
tion prior to implantation remains an issue, where timing and size-
matching contribute to this loss. The specificity of X/Y dimensions 
of the condyle necessary for recipient match increases the waiting 
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time for patients and the likelihood of allograft expiration. We hypo-
thesize that for a given condylar defect, appropriate grafts may be 
found in different sized knees and/or non-orthotopic sites using a 
radius of curvature (ROC) matching method.

Methods and Materials: Human fresh-frozen cadaveric distal fe-
murs (12) were inspected to ensure no visual evidence of chon-
dral degeneration or injury. Each specimen was radiographed and 
measured in the sagittal/coronal axis. Separated into different size 
groups, the femurs were laser-scanned to generate computer mo-
dels. CAD software was used to divide the condyles into 3 weight 
bearing zones (Fig.1). A virtual defect of three different sizes (20mm, 
25mm, 30mm) was then created in each section of a representative 
specimen from each group. The surface curvature measured in both 
planes having an offset or recess <1mm were considered accepta-
ble.

Results: Defects created in the MFC middle weight bearing zone 
were matched using the conventional method and compared to the 
ROC method. A significantly greater number of matches were found 
using the ROC method (30mm p=0.0158, 25mm p=0.0004, 20mm 
p=0.0002). Within the ROC method, the 20mm group had signifi-
cantly more matches than the 25mm/30mm group.

 

Conclusion: In our unmatched group of 12 femoral condyles, a do-
nor site was found 100% of the time when the defect was 20mm, 
and >90% for a defect of 25mm. This has the clinical potential to 
enhance the efficiency of tissue banks by theoretically increasing 
the number of donor-host matches.

P08
Meniscal Allograft Extrusion Under Physiological Load – 
a Cadaveric Comparison of two Surgical Techniques
C. Hewison1, J. Akindolire1, S. Kolaczek2, K. Shreshtha1,
K.D. Gordon2, A. Getgood1  
1London/Canada, 2Guelph/Canada

Purpose: Integrity of meniscal hoop stress is important to distribute 
load and protect the articular surface. Meniscal extrusion following 
meniscal allograft transplantation (MAT) has been used to deter-
mine graft failure and likely represents loss of chondroprotection. 
MAT surgical techniques continue to evolve in an effort to reduce 
extrusion, yet it is difficult to compare different techniques in-vivo. 
A novel MRI compatible in-vitro loading device capable of applying 
physiologically relevant loads has been developed, allowing the 
measurement of extrusion under a number of different variables. 

The objective of this study was to compare maximal medial MAT 
extrusion with and without an additional peripheral 3rd point of fi-
xation on the tibial plateau.

Methods and Materials: Twelve human cadaveric knees underwent 
medial MAT, utilizing soft tissue anterior and posterior root fixation 
via transosseous suture, and a 3rd transosseous suture tied over a 
button providing peripheral fixation on the tibial plateau. The joint 
was positioned at 50 flexion and loaded to 1x body weight (647.67 
±159.04 N) during MR image acquisition, with and without periphe-
ral fixation. Maximal coronal extrusion was measured by two inde-
pendent observers and compared. 

Results: An increase in maximal coronal meniscal extrusion was no-
ted between the unloaded and loaded states (Figure 1). The addition 
of a peripheral meniscus suture reduced the degree of extrusion by 
5.11% (SD, 8.29) and 6.88% (SD, 9.61) respectively.

 

Conclusion: These results suggest that a peripheral anchor in me-
dial MAT may help reduce meniscus extrusion, however the magni-
tude of the difference was small. This suggests that there are other 
more important features that determine meniscus extrusion that 
occur over a greater amount of time, which warrant further investi-
gation. 

P09
Osteochondral Allografts in the Knee: Primary Allograft versus 
Allograft after Failed Cartilage Repair
G. Gracitelli1, G. Meric2, D. Briggs2, P.A. Pulido2, J.C. Mccauley2, 
W.D. Bugbee2  
1Sao Paulo/Brazil, 2La Jolla/United States of America

Purpose: To compare outcomes of (Group 1) primary osteochondral 
allograft (OCA) transplantation with (Group 2) OCA transplantation 
after failure of previous cartilage repair surgery. 

Methods and Materials: We identify 49 knees in each group. Pati-
ents in each group were 1:1 matched for age (±5 years), diagnosis 
(osteochondral lesion (OCD/AVN), degenerative chondral lesion, 
traumatic chondral injury) and graft size (small 10 cm2). Functional 
outcomes were evaluated using the modified Merle d’Aubigné-
Postel (18-point) scale, International Knee Documentation Commit-
tee (IKDC) subjective knee evaluation form, and the Knee Society 
function (KS-F) scale. Patient satisfaction using a five point scale 
from “extremely satisfied” to “extremely dissatisfied” was recorded 
at latest follow- up. 

Results: Twelve of 49 knees (25%) in Group 1 had reoperations com-
pared with 20 of 49 knees (41%) in Group 2 (p=0.085). At 10 years of 
follow-up, survivorship of the graft was 85.7% and 86.7% in Groups 
1 and 2, respectively. Patients whose grafts remained in situ had a 
mean follow-up duration of 7.6±5.1 years (Group 1) and 10.9±6.5 ye-
ars (Group 2). Both groups showed improvement in pain and func-
tion from preoperatively to latest follow-up (Table 1; all p<0.001).



Posters 144

Measure 

Primary OCA 
transplantation 
(Group 1) n (%) 
or Mean+SD 

OCA after 
failure of 
previous 
cartilage repair 
(Group 2) n (%) 
or Mean+SD 

p-value

Modified Merle 
d’Aubigné-Postel 
(18-point) scale

0.455

Excellent (18) 15 (37.5%) 12 (30%)

Good (15-17) 20 (50%) 23 (57.5%)

Fair (12-14) 5 (12.5%) 3 (7.5%)

Poor (<12) - 2 (5%)

IKDC pain 2.3±2.5 2.6±2.8 0.797

IKDC function 7.8±2.1 7.5±2.4 0.806

IKDC total 77.7±19.0 79.0±20.2 0.596

KS-F 88.5±21.8 92.3±12.8 0.911

Conclusion: Favorable results were shown in both groups, with 
significant improvement of functional scores and excellent survi-
vorship. Previous cartilage surgery did not adversely affect the out-
come of OCA transplantation.

P10
Fresh Osteochondral Allograft Transplantation for Isolated 
Patellar Cartilage Injury
G. Gracitelli1, G. Meric2, P.A. Pulido2, S. Görtz2, A. Deyoung2,
W.D. Bugbee2  
1Sao Paulo/Brazil, 2La Jolla/United States of America

Purpose: The purpose of this study was to evaluate functional out-
comes and survivorship of the graft among patients who underwent 
OCA for patellar cartilage injuries.

Methods and Materials: We identify 25 patients (26 knees) who un-
derwent isolated OCA transplantation of the patella (Figure 1). The 
mean age of the patients was 34 years (range, 15-64 years). Twenty-
four (92.3%) patients had previous surgery (mean 3.2 procedures, 
range 1-10). The mean allograft area was 10.5 cm2 (range, 4.0-
17.8cm2). Patients were evaluated pre and postoperatively using the 
modified Merle d’Aubigné-Postel (18-point) scale, the International 
Knee Documentation Committee (IKDC) pain and function scores, 
and the Knee Society function (KS-F) score. Patient satisfaction was 
assessed at latest follow-up.

 

Results: Fifteen knees (58%) underwent further surgery, of which 
six (23%) were considered failure of the OCA (four conversions to to-
tal knee arthroplasty, one revision OCA, and one patellectomy). Pa-
tellar allografting survivorship was 73.5% at 5 and 10 years. Among 
the 20 knees (77%) with grafts in situ, the mean follow-up duration 
was 8.5 years (range 2-26 years). Pain and function improved from 
the preoperative visit to latest follow-up (Table 1). Patient satisfac-
tion showed 12 (60%) patients extremely satisfied, 7 (35%) patients 
satisfied, and one (5%) somewhat dissatisfied.

Measure Preoperative 
Mean or n (%) 

Postoperative 
Mean or n (%) p-value*

Modified Merle 
d’Aubigné-Postel 
(18-point) scale

12.1 15.8 0.000

Excellent (18) - 6 (30%)

Good (15-17) 1 (5.6%) 10 (50%)

Fair (12-14) 11 (61.1%) 3 (15%)

Poor (<12) 6 (33.3%) 1 (5%)

IKDC pain 6.4 3.4 0.009

IKDC function 4 7 0.008

IKDC total 43 65.6 0.008

KS-F 66.4 82.8 0.011

*paired t-test

Conclusion: OCA transplantation was successful as a salvage treat-
ment for cartilage injuries of the patella. 

P11
Outcome Following Isolated Osteochondral Allograft 
Transplantation of the Femoral Trochlea
J. Cameron1, P.A. Pulido1, A. Deyoung1, S. Görtz2, W.D. Bugbee1  
1La Jolla/United States of America, 2San Diego/United States of 
America

Purpose: The goal of this study was to evaluate graft survivorship 
and clinical outcomes in patients who had an OCA transplant of the 
femoral trochlea. 

Methods and Materials: Twenty-nine knees in twenty-eight pati-
ents (mean age, 30. 2 years; range 12-47 years) were treated with 
fresh OCA transplant limited to the femoral trochlea. There were 
eight females and twenty males. Minimum follow-up was 2 years. 
The primary outcome was graft survivorship. Pain and function were 
assessed by the Modified Merle d’Aubigné-Postel (18-point) scale, 
Knee Injury and Osteoarthritis Outcome Score (KOOS), Knee Soci-
ety function (KS-F), International Knee Documentation Committee 
(IKDC) and UCLA activity scores. The OCA patient satisfaction score 
(five point scale from extremely satisfied to extremely dissatisfied) 
was reported. 

Results: Mean follow-up was 7.0 years (range 2.1-19.9 years) with 
65.5% of patients with more than five years of follow-up. Graft sur-
vivorship was 91.7% at a mean of 7.0 years. One patient was conver-
ted to a total knee arthroplasty at 7.6 years after allograft surgery. 
Mean Modified Merle d’Aubigné-Postel (18-point) scale improved 
from 13.0 to 16.1, mean KS-F score from 65.6 to 85.2 and mean IKDC 
from 38.5 to 71.9. Mean UCLA score postoperatively was 7.9 and 
mean KOOS QOL (quality of life) scores improved from 34.0 preo-
peratively to 75.1 postoperatively. Eighty-nine percent of patients 
were extremely satisfied or satisfied with the outcome of surgery. 

Conclusion: Fresh OCA transplantation resulted in excellent clinical 
outcome in this cohort of patients with articular cartilage damage to 
the femoral trochlea. The procedure resulted in improved pain and 
function and high patient satisfaction. 

P12
The Use of Osteochondral Allograft Transplantation for Primary 
Treatment of Cartilage Injuries in the Knee
D. Briggs, K. Sadr, P.A. Pulido, W.D. Bugbee  
La Jolla/United States of America

Purpose: Our purpose was to assess the clinical outcome of OCA 
transplantation used as primary treatment for chondral and osteo-
chondral lesions in the knee. 
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Methods and Materials: We identified 61 patients who underwent 
OCA transplantation as primary treatment for a chondral or osteo-
chondral defect and had a minimum follow-up of two years. None of 
the patients had previous surgery on the involved knee prior to the 
OCA. 32 males and 29 females with a mean age of 32.9 years (range 
15.7-67.8 years) were included. The most common diagnoses were 
osteochondritis dissecans (44.3%) and avascular necrosis (31.1%). 
The mean graft area was 9.6 cm2. The majority of grafts were located 
on the medial (47.5%) and lateral (24.6%) femoral condyles. Each 
patient was evaluated with the International Knee Documentation 
Committee (IKDC), a modified Merle d’Aubigné-Postel (18-point) 
scale, and Knee Society function (KS- F) score. Failure was defined 
as revision OCA or conversion to arthroplasty. Patient satisfaction 
was assessed. 

Results: The mean follow-up duration was 7.6 years (range, 1.9 to 
22.6 years). Eighteen knees (29.5%) had further surgery following 
the OCA transplantation. Seven knees (11.5%) had procedures un-
related to the allograft and 11 knees (18%) were considered OCA 
failures. The mean time to failure was 5.9 years (range, 0.5-13.7 
years). OCA survivorship was 89.5% at 5 years and 74.7% at 10 ye-
ars. Thirty-eight (84.5%) were rated good/excellent on the 18-point 
scale. The mean IKDC scores improved from 36.9 preoperatively to 
80.4 postoperatively. The KS-F scores improved from 66.5 to 89.7. 
Eighty-six percent of patients reported being “extremely satisfied” 
or “satisfied.” 

Conclusion: OCA transplantation is an acceptable primary treatment 
method for some chondral and osteochondral defects of the knee. 
Failure of previous surgical treatment is not a prerequisite for OCA 
surgery. Outcomes in this group are comparable to other cartilage 
repair treatment options. 

P13
Clinical and radiological effects following osteochondral lesion 
repair at knee and ankle using MaioRegen(TM)
R. Kellner1, H. Boszotta1, M. Brix2, R. Windhager2, S. Domayer2, 
M. Kaipel1  
1Eisenstadt/Austria, 2Vienna/Austria

Purpose: Surgical repair of osteochondral lesions ranging from 2 
cm2 or more still is a clinical challenge. Using MaioRegenTM a bio-
composite allograft consisting of magnesium hydroxyapatite and 
equine collagen could be a promising treatment option.

Methods and Materials: 15 consecutive patients suffering from a 
single osteochondral lesion (2-4 cm2) in either knee or ankle were 
prospectively enrolled. In all patients defects were filled up using 
MaioRegenTM via arthroscopic guided mini open arthrotomy. Clinical 
outcome was assessed using multiple scoring systems (IKDC/ICRS, 
Lysholm, AOFAS). Morphological as well as biochemical characte-
ristics of the cartilage - implant surface were studied by MRI incor-
porating special sequences for ultra-structure research of cartilage. 
(T2 mapping, dGEMRIC)

Results: Clinical scores significantly increased at 6, 12, 18 and 24 
months post surgery compared to baseline. MRI morphology sho-
wed successful integration of the implant surface into adjacent car-
tilage layers.

Conclusion: One step surgical repair of osteochondral lesions using 
MaioRegenTM allografts provides encouraging short term clinical as 
well as MRI based imaging results.

P14
Humeral Head Reconstruction with Osteochondral Allograft 
Transplantation: A Systematic Review
B.M. Saltzman, J.C. Riboh, B. Cole, A.B. Yanke  
Chicago/United States of America

Purpose: Osteochondral allograft transplants have been proposed 
as a solution for large humeral head defects. However the indica-
tions and outcomes of these procedures are poorly understood. The 
objective of this study was to synthesize the available clinical evi-
dence in a systematic review. 

Methods and Materials: The MEDLINE, EMBASE and Cochrane da-
tabases were searched for studies reporting the outcomes of osteo-
chondral allograft transplantation for humeral head defects. Patient 
demographics, clinical and radiographic outcomes, and complica-
tions were extracted. Pre and post-operative data were compared 
using the student t-test. 

Results: Twelve level IV studies with 35 patients met inclusion crite-
ria. Mean age was 35.4 +/- 18.1 years. Thirty-three patients had lar-
ge Hill-Sachs lesions, 1 had an OCD lesion, and 1 had an iatrogenic 
lesion after tumor resection. Mean lesion size was 3 +/- 1.4 cm by 
2.25 +/- 0.3 cm. Only 3 of 35 patients received a fresh graft. Twenty-
three femoral heads, 10 humeral heads, and 2 sets of osteochondral 
plugs were used. Mean follow-up was 57 months. Significant im-
provements were seen at 6 months in forward flexion (680 +/-18.1, 
p < 0.001), and at 12 months in forward flexion (83.420 +/- 18.3, p 
< 0.001) and external rotation (38.720 +/- 18.8, p < 0.001), Table 1. 
ASES scores improved 14 points (p = 0.02). Allograft necrosis oc-
curred in 8.7% of cases, allograft resorbtion in 36.2%, and glenohu-
meral arthritic changes in 35.7%. Complication rates were between 
20% and 30%, and the re-operation rate was 26.67%. There no re-
ports of graft resorbtion, necrosis or arthritic changes in patients 
received fresh allografts.

 

Conclusion: Humeral head osteochondral allografts result in signi-
ficant improvements in shoulder range of motion and functional 
outcome scores, at the expense of frequent complications. Allograft 
resorbtion and glenohumeral arthritis are common, however the 
clinical correlation of these findings cannot be determined by this 
study. 

P15
Particulated Articular Juvenile Cartilage for the Treatment of Full-
Thickness Patella Chondral Defects: MRI Results
B. Grawe1, A. Burge2, S. Rodeo2, B. Shubin-Stein2, J.T. Nguyen2, 
S. Strickland2, R.J. Williams2  
1Cincinnati/United States of America, 2New York/United States of 
America

Purpose: To comprehensively evaluate the postoperative imaging 
characteristics of patients who have undergone the DeNovo proce-
dure for full thickness cartilage defects of the patella.

Methods and Materials: Patients were followed with cartilage spe-
cific MRI (PD pulse sequencing and T2 mapping) techniques at the 6 
month, 12 month, and 24 month postoperative mark. Standard car-
tilage grading scores were utilized to assess tissue defect characte-
ristics against pertinent patient and donor features. 

Results: In total 22 patients were available for MRI 6 months into 
their postoperative period, while a total of 27 patients were availa-
ble at the 12 month mark. 60% of the patient population was male, 
while 40% were female. Patient characteristics included an average 
age at the time of surgery of 28.7 years, and the average duration 
of symptoms prior to undergoing cartilage reconstruction was 48 
months. Average lesion size on the undersurface of the patella was 
15mm x 14.5mm. Average number of Denovo packets delivered to 
the lesion was 1.5 (range 1-3), and average donor age of the allograft 
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tissue was 48 months (range 4-120). At the 6 month time frame MRI 
gray scale scoring had and inverse correlation with lesion size, and 
increasing age of the patient correlated with worse T2 relaxation 
times of the superficial zone of the repaired cartilage. Overall T2 
deep scores of the repaired tissue improved from the 6 month to 12 
month mark in a statistically significant fashion (p = 0.0202).

Conclusion: Particulated juvenile allograft tissue is an acceptable 
reconstructive option for full-thickness cartilage lesions of the pa-
tella, offering satisfactory tissue defect fill 12 months after surgery. 
Larger lesion size and advanced patient age may demonstrate infe-
rior tissue defect fill in the short-term following particular juvenile 
allograft cartilage transplantation for patellar lesions. Furthermore, 
a younger donor age may result in improved defect fill, as demons-
trated by postoperative magnetic resonance imaging.

P16
Biological Joint Restoration: Results of 402 Osteochondral 
Allograft Transplantations in the Knee
W.D. Bugbee  
La Jolla/United States of America

Results: 135 of the 402 knees (34%) had reoperations, of which 
75 (19%) were not necessarily related to the allograft. Sixty knees 
(15%) were defined as allograft failures (16 revision allografts, 35 
TKA, five UKA, three patellofemoral arthroplasties, one patellecto-
my). Median time to failure was 2.9 years (range, 0.3–13.8). Allo-
graft survivorship was 88% at 5 years and 81% at 10 years, but survi-
vorship varied by diagnosis (Figure 1). Predictors of allograft failure 
included etiology, patient age (>30 years), allograft size (>10 cm2), 
and anatomic site. Among the 342 knees with grafts in situ, mean 
follow-up duration was 6.8 years (range, 1.8-16.8 years). Pain and 
function improved significantly after allograft surgery (all p<0.001) 
(Table 1). Ninety percent expressed satisfaction with their outcome.

 

Conclusion: Osteochondral allograft transplantation results in signi-
ficant improvement in pain and function in the majority of patients.

P17
Outcomes of Osteochondral Allograft to the Femoral Condyle 
following Failed Microfracture
A.J. Riff, A.B. Yanke, A.K. Tilton, B. Cole  
Chicago/United States of America

Purpose: While a few studies have demonstrated inferior results of ACI 
following microfracture, little information is available pertaining to the 
results of osteochondral allograft in the setting of failed microfracture. 
This study aimed to evaluate the clinical outcomes of osteochondral 
allografts following failed microfracture in the knee and compare the-
se outcomes to those of primary osteochondral allograft.

Methods and Materials: Patients were identified who underwent 
fresh osteochondral allograft transplantation for symptomatic chon-
dral lesions of the femoral condyle following failed microfracture. 
Postoperative data were collected using subjective scoring systems. 
An age-matched cohort of 15 patients who underwent primary osteo-
chondral allograft of the femoral condyle was used as a control group. 
Statistics were performed in a paired manner using a Student’s t-test.

Results: Sixty-nine patients met inclusion criteria. Average patient 
age at the time of osteochondral allograft was 34.5 years. Osteo-
chondral allografts were transplanted to the MFC in 48 patients, 
the LFC in 19 patients, and both MFC and LFC in 2 patients. Average 
length of follow-up was 34 months. Statistically significant improve-
ments were seen in the Lysholm (35 to 58), IKDC (29 to 54), KOOS 
(51 to 70); KOOS Other disease related symptoms (48 to 70), KOOS 
ADL (60 to 83); Sports function 22 to 47; Knee related quality of life 
(20 to 47), SF12P (38 to 43), and SF12M (49 to 54). One patient went 
on to total knee arthroplasty. No statistically significant differences 
were witnessed between the study and control groups (p>0.05) with 
regard to any of the subjective measures (Figure).

 

Conclusion: In patients with discrete chondral lesions of the femo-
ral condyle and history of failed microfracture, fresh osteochondral 
allograft transplantation renders excellent clinical outcomes that 
are comparable to primary osteochondral allograft. Given reports of 
inferior results with ACI following prior microfracture, surgeons may 
consider osteochondral allograft in lieu of ACI for femoral condylar 
lesions refractory to microfracture.

P18
Tracking of ovine perivascular stem cells in articular cartilage 
repair using GFP virus transfection and confocal microscopy
P. Hindle, J. Baily, A.H. Simpson, B. Péault  
Edinburgh/United Kingdom

Purpose: The implied basis of cell therapies for articular cartilage 
repair is the efficacious delivery of cells to create the repair. Despite 
this there is a paucity of data on the fate of implanted cells in articu-
lar cartilage repair. The purpose of this research was to track cells in 
vivo following implantation.
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Methods and Materials: A superficial cartilage defect was made 
in the ovine stifle joint and a specimen of the infra-patellar fat pad 
(IFP) excised. Ovine perivascular stem cells were isolated from IFP 
using enzymatic digestion followed by fluorescence-activated cells 
sorting. Following culture expansion the cells were transfected with 
a GFP emitting virus. Cells were cultured in chondrogneic media and 
implanted six weeks following the initial surgery using a hyaluronic-
based hydrogel at a density of 2x104 cells/µl. Four weeks following 
the repair surgery the animal was sacrificed, the condyle excised 
and the cartilage defect imaged using a confocal laser-scanning 
microscopy. The condyles were then fixed, decalcified, paraffin 
embedded, sectioned and stained with haematoxylin and eosin, 
Masson’s Trichrome, Picrosirius Red and Alcian blue.

Results: Fluorescent imaging and flow cytometry analysis demons-
trated a transfection rate of 88%. GFP emitting cells were found at 
the base of the articular cartilage defect. No repair tissue was seen 
on histology at four weeks.

 

Conclusion: Despite previous studies demonstrating that stem cells 
have a transient time at the site of implantation and are supposed to 
have a more trophic affect on tissue repair this study has demons-
trated that the use of a cross-linked hydrogel is an effective tool 
to implant cells into articular cartilage defects. Longer-term studies 
are required to determine the effect these cells have on cartilage 
repair.

P19
Development of the porcine knee model for pre-clinical 
tribological assessment of cartilage repair interventions
A. Liu, L. Jennings, E. Ingham, J. Fisher  
Leeds/United Kingdom

Purpose: The aim of this study was to develop a porcine knee mo-
del investigating tribological properties of the natural knee, which 
could then be used to assess the restorative function and tribology 
of cartilage repair interventions before they are assessed in vivo.

Methods and Materials: Porcine knee joints (N = 6) were dissected 
and mounted into a single station knee joint simulator. Frictional 
shear force between the femur and tibia was determined under the 
following conditions: 1) Sliding condition created by constraining 
tibial AP carriage; 2) Rolling condition created by decoupling tibial 
AP carriage (unconstrained); 3) A combination of sliding and rolling 
conditions created by incorporation of springs.

Results: Under ‘simple input’ kinematic conditions (Fig. 1a), the AP 
constrained condition displayed increased shear force with increa-
sed flexion angle, resulting in a triangular shear force profile with a 
peak anterior value of 97.4±43.8 N at maximum flexion. The shear 
force under spring condition showed a smaller magnitude triangu-
lar wave pattern than constrained condition with a peak value of 
23.4±11.8 N at maximum flexion. A shear force profile with constant 
low values (1.6±3.0N) was observed under AP unconstrained con-
dition. During a clinically relevant gait cycle (Fig. 1b), the AP cons-
trained condition caused the highest shear force response with a 

range from 45.1±22.8 N (at 0.04 s) posteriorly to 29.2±15.8 N (at 0.55 
s) anteriorly among three AP conditions.

 

Conclusion: The shear force measurements showed higher values 
under the AP constrained condition where sliding motion occurred 
than the AP unconstrained condition where rolling motion occurred, 
which indicated that the simulation model was able to simulate dif-
ferent tribological behaviours when the femoral and tibial bearing 
was entrained to slide or/and roll. Therefore, the porcine knee mo-
del showed the potential capability to investigate the effect of knee 
structural, biomechanical and kinematic changes, on the tribologi-
cal function of different cartilage substitution therapies.

P20
Cellular Responses to Implanted Chondrocytes: Absence of an 
Immune Privilege in a Large Animal Joint
T. Niemietz, G. Zass, S. Hagmann, S. Diederichs, T. Gotterbarm, 
W. Richter  
Heidelberg/Germany

Purpose: Studies suggest that articular chondrocytes are immu-
ne privileged in the joint environment making them suited for al-
logeneic or xenogeneic transplantation to treat cartilage lesions. 
Most of these reports describe the formation of a cell-rich regenera-
tion tissue after cell transplantation without obvious immunologic 
response but lack a direct proof for cell-persistence. Aiming to verify 
a reported immune privilege of articular chondrocytes after ortho-
topic implantation, we studied xenogeneic engraftment in a large 
animal model applying methods of cell tracing.

Methods and Materials: Expanded human chondrocytes were 
used for matrix-assisted implantation into minipig full-thickness 
cartilage defects. To work with clinically relevant human cells we 
accepted strong immune mismatching by choosing a xenogeneic 
setting. Explants were analyzed two and four weeks after surgery 
for cell-persistence and host cell invasion by species-specific in situ 
hybridization and PCR. Early tissue regeneration was assessed by 
histomorphometry and a modified O’Driscoll score. In parallel, HAC 
were ectopically implanted into immune deficient mice to confirm 
redifferentiation capacity. 

Results: Early defect regeneration involved extensive host cell inva-
sion and led to a rapid loss of HAC to less than 5% of the implanted 
cells in 6/12 defects within two weeks. Small clusters of persisting 
HAC remained but were surrounded by porcine macrophages. At 
four weeks most defects were filled with a well-integrated, cell-rich 
tissue free of human cells. Cell grafted defects showed a trend to 
better early regeneration with slightly improved defect filling and 
connection to the subchondral bone. Although HAC had proofed 
successful redifferentiation in vivo, no increased matrix deposition 
in cell treated lesions was observed.

Conclusion: Applying methods of cell tracing, we showed that HAC 
did not engraft in porcine articular cartilage. The co-localization of 
host macrophages to implanted cells suggests an active graft re-
jection mediated by innate immune cells without evidence for an 
immune privilege of xenogeneic chondrocytes or the joint environ-
ment.
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P21
The ovine model of perivascular stem cells for articular cartilage 
repair
P. Hindle, N. Khan, L.C. Biant, A.H. Simpson, B. Péault  
Edinburgh/United Kingdom

Purpose: Stem cells are increasingly being used as a source of 
cells for articular cartilage repair. Perivascular stem cells(PSCs), 
consisting of pericytes(CD34-CD45-CD146+) and adventitial 
cells(CD34+CD45-CD146-), have demonstrated chondrogenic po-
tential in vitro and may represent an improved cell type compared 
to culture-derived mesenchymal stem cells. The ICRS recommenda-
tions are that large animal models are required for pivotal cartilage 
repair studies. The aim of this study was to develop a large animal 
model that could be used for cartilage repair using autologous PSCs.

Methods and Materials: The reactivity of anti-human and anti-ovine 
antibodies was analysed using immunohistochemistry of tissue 
sections and fluorescence-activated cell sorting (FACS) of cells from 
enzymatically digested sheep tissue. Ovine PSCs (oPSCs) were iso-
lated from bone marrow, subcutaneous fat and the infra-patellar fat 
pad following enzymatic digestion and FACS. oPSCs were prolifera-
ted in culture and their identity confirmed using immunocytochemi-
stry and flow cytometry. A combination of punch biopsies, curettes 
and burrs were used ex vivo on ovine femoral condyles to create 
superficial, partial and deep cartilage defects. The defects were pro-
cessed and stained using H&E, Masson’s Trichrome, Alcian Blue, 
Picrosirius Red, Toluidine Blue and Safranin O to assess the carti-
lage lesions as well as the effectiveness of the histochemical stains.

 

Results: Anti-ovine CD34 and CD45 antibodies and anti-human 
CD146 antibodies were found to react to ovine tissue sections and 
cells.

 

FACS analysis of cultured pericytes from bone marrow demonstra-
ted that they maintained their CD146+ phenotype. Ovine pericytes 
and adventitial cells underwent osteogenic, chondrogenic and adi-
pogenic differentiation in monolayer. Chondrogenesis was also un-
dertaken using pellet cultures. Differentiation was confirmed using 
Alizarin Red, Oil Red O and Alcian Blue staining. 

Conclusion: This work has validated the ovine perivascular stem cell 
model as well as techniques for creating defects of varying depths 
and the usefulness of different histochemical stains for the analysis 
of future ovine cartilage repair studies.

P22
Cartilage repair in mice is not negatively influenced by obesity
W. Wei1, Y.M. Bastiaansen-Jenniskens1, P.K. Bos1, J.A.N. Verhaar1, 
A. Zuurmond2, F. Dell’Accio3, G. Van Osch1  
1Rotterdam/Netherlands, 2Leiden/Netherlands, 3London/United 
Kingdom

Purpose: Marrow stimulation treatments, such as microfracture, sti-
mulate intrinsic cartilage repair. The symptomatic improvements af-
ter microfracture treatment are reported to be less in obese patients 
[Mithoefer 2005] and these patients are therefore often excluded 
from treatment. There are however no convincing data that intrin-
sic cartilage repair is negatively influenced by obesity. To optimize 
treatment in obese patients, it is therefore essential to investigate 
whether and how obesity influences cartilage repair. In this stu-
dy we investigated the effects of obesity on cartilage repair in the 
DBA/1 mouse strain. This strain was previously shown to repair car-
tilage damage on a control diet [Eltawil 2009]. Our hypothesis was 
that obesity negatively influences intrinsic cartilage repair.

Methods and Materials: Ten-weeks-old male DBA/1 mice were fed 
with control diet or obesity inducing high fat diet (HFD). After two 
weeks, a full thickness cartilage defect was made in the trochlear 
groove of the left knee. Cartilage repair was evaluated on histology 
using the Pineda scoring method after 1 (n=6 mice per diet), 8 (n=9 
mice per diet) and 24 (n=5 mice per diet) weeks.

Results: Mice on a HFD had higher bodyweight when we made 
the cartilage defect (31.0±1.7gr versus 27.2±1.1gr; p<0.001) and 
the weight difference became further increased after 24 weeks 
(42.0±5.8gr versus 31.7±4.6gr; p<0.001). One week after defect cre-
ation, mice on HFD had a higher percentage of defect filling with 
fibroblast-like cells in the defect. After 8 weeks, mice on a HFD had 
more cartilage repair as indicated by a lower Pineda score (p=0.01). 
After 24 weeks, no mouse had complete cartilage repair and there 
were no statistically significant differences between mice on HFD 
and control diet.

Conclusion: Obesity did not negatively affect intrinsic cartilage re-
pair in DBA/1 mice. Further analyses will be performed to investigate 
the role of obesity related inflammatory and metabolic changes on 
cartilage repair.

P23
Towards clinical translation: In vivo assessment of a multi-
layered osteochondral defect repair scaffold in caprine and 
equine models
T.J. Levingstone, A. Ramesh, R.T. Brady, P.A. Brama, J.P. Gleeson, 
F.J. O’Brien  
Dublin/Ireland

Purpose: Current techniques used clinically for the treatment of 
osteochondral defects result in limited repair and new treatment 
options are required. A multi-layered collagen-based osteochondral 
defect repair scaffold developed within our group (Fig. 1) has shown 
promise in vitro and in vivo in a rabbit femoral condyle model.1 In 
order to truly assess the potential of this scaffold, long term assess-
ment in larger animal models is required. The aim of this study was 
to evaluate the regenerative capacity of this osteochondral repair 
scaffold in a long term caprine and pilot equine models and thus 
determine its potential for clinical translation.
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Methods and Materials: In vivo performance was evaluated in a 
bi-lateral caprine stifle model in two critically-sized (6mm x 6mm) 
defect sites (n=7); the medial femoral condyle and the lateral troch-
lear ridge. In addition, repair was evaluated in a pilot (2 animals) 
bi-lateral equine stifle model in 9mm diameter x 8mm depth defects 
created in the trochlear ridge; 2 medial and 2 lateral. In both cases, 
regenerative capacity was assessed in comparison to a market-
leading scaffold (TRUFIT, Smith &Nephew) and an empty control. 
Repair tissue was evaluated after 3, 6 and 12 months in the caprine 
model and 6 months in the equine model using macroscopic sco-
ring, micro-computed tomography (µ -CT) and histological analysis.

Results: In both studies, the regeneration of the bone and cartila-
ge regions of the defect was observed in the multi-layered scaffold 
groups. Macroscopic scores were higher in the multi-layered scaf-
fold groups than the control groups. In the in the multi-layer scaf-
fold group in the caprine study, µ-CT evaluation showed complete 
repair of subchondral bone at 12 months and histological assess-
ment showed the presence of hyaline cartilage (Fig. 2).

 

Conclusion: These results demonstrate the potential of this multi-
layered scaffold for clinical translation. 1. Levingstone TJ, et al. Acta 
Biomat, 10: pp1996-2004, 2014

P24
Depletion of Gangliosides Accelerated the Articular Cartilage 
Repair In Mice
M. Matsuoka, T. Onodera, F. Sasazawa, D. Momma, R. Baba, 
K. Hontani, N. Iwasaki  
Sapporo/Japan

Purpose: Gangliosides, which are one subgroup of glycosphingoli-
pids (GSLs), are the most abundant series of GSLs in the cartilage 
and known to be critical for the maintenance of chondrocyte home-
ostasis. Hence we hypothesized that gangliosides may involve the 
articular cartilage repair. The purpose of the study was to analyze 
the gangliosides functions in the articular cartilage repair.

Methods and Materials: We adopted GM3 synthase knockout mice 
(GM3-/- mice) which were practically gangliosides deficiency and 
C57Bl/6 mice as wild-type (WT). Articular cartilage full-thickness 
injuries were generated on 4-week old mice as we previously re-
ported. We investigated the expression pattern of GM3 and outco-
mes of the articular cartilage repair. Mesenchymal stem cells were 
harvested from mice compact bone, and were used for the chondro-
genic differentiation.

Results: GM3 was transiently expressed as surrounding the repair 
tissue peaking 6 weeks postoperatively in WT mice (Fig. 1A-I). GM3-

/- mice showed superior cartilage repair compared with WT mice at 
8 weeks postoperatively (Fig.1J-O). The score for the joint surface 
repair was significantly higher in GM3-/- mice than WT mice.

 

In chondrogenic differentiation, type II collagen mRNA was signifi-
cantly increased in GM3-/- mice, whereas type X collagen and Runx2 
mRNA were significantly decreased in GM3-/- mice (Fig.2E-H). Immu-
nostaining analysis showed that the expression of type X collagen in 
GM3-/- mice was decreased in vivo and vitro (Fig. 1L, 1O, 2B, and 2D).

 

Conclusion: The expression pattern of GM3 revealed that ganglio-
sides possibly have some roles in the articular cartilage repair. In 
addition, GM3-/- mice decreased the hypertrophic differentiation 
and enhanced articular cartilage repair, suggesting that the mani-
pulation of GM3 expression may have a potential to enhance the 
articular cartilage repair.
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P25
MRI vs histological analysis of natural osteochondral repair in 
the rabbit knee
C. Sosio1, A. Di Giancamillo1, A. Palmisano1, A. Pozzi1, M. Campagnol2, 
M. Agnoletto1, C. Domeneghini1, A. Esposito1, G.M. Peretti1  
1Milan/Italy, 2Rivolta D’adda/Italy

Purpose: The aim of the study was to evaluate the ultra high field 
magnetic resonance accuracy in analyzing the natural repair after an 
osteochondral lesion in adult rabbits comparing radiologic images 
with the corresponding histological sections.

Methods and Materials: In fourteen New Zealand white adult rab-
bits an osteochondral lesion was created in the trochlear groove 
of the left knee, measuring 5 mm in diameter and 6 mm in depth. 
After surgery, the rabbits were allowed to move freely in the cages 
without any joint immobilization. Seven rabbits were sacrificed at 
6 weeks while the others at 24. At both experimental times, ma-
croscopic evaluation and histological analysis were performed. The 
macroscopic evaluation was carried out by three independent ob-
servers, assessing the grade of the filling and the stiffness of the 
repair tissue. Histological sections were stained with hematoxylin-
eosin and safranin-O and samples were graded semi-quantitatively 
using ICRS II and modified Wakitani scores. Non-osseous repair 
tissue area and maximum thickness were measured by histomor-
phometric analysis. Both parameters were also evaluated by a spe-
cific software on the corresponding sagittal magnetic resonance 
images acquired by 3D Fast Low Angle Shot gradient echo sequen-
ces at 24 weeks with a ultra-high-field 7.0T scanner.

Results: In all rabbits the repair tissue filled the defect over time; 
the stiffness and the histological scores improved, ranging from a 
fibrous tissue to a hyaline-like cartilage within the experimental 
times. A positive correlation was found between the histological 
measures of non-osseous repair tissue area and maximum thick-
ness, and the corresponding magnetic resonance data.

Conclusion: Ultra high field magnetic resonance could be a valid 
alternative to histology in order to quantify the non-osseous repair 
tissue induced by an osteochondral lesion in the trochlear groove of 
adult rabbits. This imaging technique may be useful to monitor in 
vivo the evolution of the repair tissue after an acute osteochondral 
defect.

P26
Accuracy of implantation of a Focal Resurfacing implant. Laser 
measurements in a sheep model.
N. Martinez-Carranza1, H. Berg1, H. Nurmi-Sandh2, A. Lagerstedt2, 
L. Ryd1  
1Stockholm/Sweden, 2Uppsala/Sweden

Purpose: Implantation of metal demands high accuracy, so that 
edges do not meet opposing surface. Our purpose was to test a tu-
bular “standardized” guide in order to ascertain the spread in depth 
and angulation that this instrumentation leads to.

Methods and Materials: 12 sheep received a metal (CrCo) resurfa-
cing implant (diameter 7.5 mm) in the medial condyle of one knee. 
Implant and the guide were manufactured based on MR-images 
from a “standard sheep knee. After sacrifice the distal femur was 
excised and implant position was measured by a laser scanner. 
Implant mid-point and the “four corners” of the periphery were 
measured relative the surrounding cartilage as represented by a 
curve adapted to the AP and transverse curves. Implants tilt was 
calculated using appropriate trigonometric equations. We aimed at 
an implant position 0.5 mm recessed.

Results: Mean implantation depth was 0.54 mm. Out of 72 data 
point, 2 were proud, one medial and one anterior point, both 0.13 
mm. In the transverse plane mean tilt was 0.03 degrees, with all im-
plants except one inside ±4 degrees. The outlier showed 10 degrees 
of tilt. In the AP-plane all but three implants were inside ±4 degrees. 
Three outliers tilted 5,6 and 8 degrees posteriorly, respectively.

Conclusion: High precision is imperative in focal resurfacing lest the 
opposing cartilage will quickly be destroyed by proud metal edges. 
Only 2/72 measured points were above the surrounding cartilage. 
With this semi-custom made guide, implantation precision was 
better than previously (1) although, we believe, not good enough. 

Our results suggest that a margin of safety of 0.5 mm represents, 
at best, an upper threshold = 20% of human cartilage thickness = 
the compressibility of human cartilage (2). A guide instrument of 
this principal design, individualized to each patient should provide 
sufficient precision and could be used also in the clinical situation.

P27
The potential anti-inflammatory analgesic Effects of green tea 
extract in experimental model of arthritis
A.H. Elmedany  
Riyadh/Saudi Arabia

Purpose: The present study investigated the analgesic and anti-in-
flammatory effects of green tea extract , a polyphenolic compound 
present in many beverages using carrageenan (Carr)-induced ar-
thritis in rats and formalin-induced algesia in mice. The molecular 
mechanisms of green tea extract were studied through induction of 
endogenous & exogenous superoxide anion stress in the aforemen-
tioned rodent inflammation & algesia models.

Methods and Materials: Arthritis was induced in the right hindpaw 
of the rat by a subplantar injection of carrageenan. MDA, myeloper-
oxidase activity , nitrite levels & GSH were measured in joint tissue . 
Immunohistological studies were done. The antinociceptive effects 
of green tea extract was tested by the formalin – induced hindpaw 
licking procedure in the day light . Endogenous superoxide anion 
stress was induced by i.p. injection of the superoxide dismutase 
(SOD) inhibitor “ , one hour before carrageenan . Green tea extract 
was injected 30 min before carrageenan. 

Results: The results revealed that treatment of rats with green tea 
extract significantly reduced the rats paw edema induced by carra-
geenan and the formalin- induced pain in mice and produced a si-
gnificant reduction in malondialdehyde , myeloperoxidase activity , 
nitrite levels and a significant increase in reduced glutathione levels 
in paw tissues . Immunohistochemical analysis showed decreased 
inducible NOS expression

Conclusion: These results confirm that green tea extract has both 
analgesic and anti-inflammatory properties which may be related 
to the ability of this polyphenol to reduce the levels of superoxide 
and peroxynitrite anion radicals. In addition ,the present work sho-
wed that green tea extract represents a promising potential drug 
of natural anti-inflammatory property for the development of new 
drugs that may help to control oxidative stress and consequently 
the inflammatory response. 

P28
The Göttingen Mini-Pig as an Animal Model for Articular 
Cartilage Repair
B.B. Christensen, C.B. Foldager, M.L.L. Olesen, J. Rölfing, S. Ringgaard, 
M. Lind  
Aarhus/Denmark

Purpose: Several animal models are available for preclinical testing 
of cartilage repair, but a cost-effective and predictable large animal 
model is needed to bridge the gap between in vitro studies and cli-
nical studies. Ideally, the animal model should allow for testing of 
clinically relevant treatments and the biological response should be 
reproducible and comparable to humans. This allows for a reliable 
translation of results to clinical studies. This study aimed at ve-
rifying the GMP as a pre-clinical model for articular cartilage repair 
by testing several clinically available surgical treatment options and 
evaluation methods.

Methods and Materials: Thirteen fully mature GMPs were used. The 
GMPs received bilateral trochlear osteochondral drill-hole defects 
or chondral defects (Ø 6mm). The defects were treated with one of 
the following: Matrix-induced autologous chondrocyte implantation 
(MACI), microfracture (MFx), autologous dual-tissue transplantati-
on (ADTT), autologous bone graft, autologous cartilage chips. Emp-
ty chondral and osteochondral defects were used as controls. MRI 
and CT were performed 3 and 6 month, histology was performed at 
6 month postoperative.
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Results: The repair tissue varied in morphology from non-cartila-
ginous fibrous tissue to fibrocartilaginous tissue as seen on MRI, 
CT and histology at 6 month. The worst results were seen in the 
empty controls, the defects treated with autologous bone graft and 
defects treated with MFx. The best results were achieved with the 
MACI treatment. 

Conclusion: The outcomes of the applied treatments were consi-
stent with the outcomes in clinical studies. The GMP model was 
easy to handle, cost-effective and provided predictable outcome. 
Based on this study, we conclude that the GMP is a viable animal 
model for articular cartilage research.

P29
A one-step, off-the-shelf, minimally-invasive and non-angiogenic 
combined therapy that outperformed microfracture on cartilage 
repair
C. Correia1, A. Da Silva Morais1, C.A. Vilela2, A. Gertrudes1, T.C. Santos1, 
J.M. Oliveira1, J. Espregueira-Mendes2, R.A. Sousa1, R.L. Reis1  
1Guimaraes/Portugal, 2Braga/Portugal

Purpose: Combined therapies have been invested for treatment of 
cartilage lesions, attempting to improve clinical outcomes not yet 
satisfactory with current standard-of-care, particularly microfrac-
ture. Potential treatment success-factors have been learned, ide-
ally: technically simple, therapeutically efficient and cost-effective. 
Herein we propose an allogenic one-step combined therapy, in-
jected to lesion by a minimally-invasive procedure. Therapeutic 
components are pre-validated for chondrogenicity: cells are certi-
fied and hydrogel characteristics promote chondrogenic phenotype 
while avoiding invasion of blood vessels, reducing likelihoods of 
pain-related patient discomfort.

Methods and Materials: Adipose stromal/stem cell (ASC) manuf-
acturing and chondrogenic characterization was validated. A non-
animal origin hydrogel, based on methacrylated gellan gum, was 
proven for chondrogenic support of ASC in vitro. Mature New Ze-
aland White rabbits were subjected to 4mm diameter cartilage le-
sion, without subchondral bone interference. The combination was 
injected, fulfilling depth and format, instantly solidified using sali-
ne. Microfracture or no treatment was performed on a sub-group 
of animals. After eight weeks, cartilage explants were analyzed by 
immunohistochemistry for collagen type I and II, safranin-O staining 
and evaluated according to O’Driscoll and ICRS-II scoring systems.

Results: The combination’s set of properties resulted in improved 
chondrogenesis, evidenced by in vitro deposition of hyaline carti-
lage matrix components, overexpression of collagen type II, while 
simultaneous low evidences of fibrocartilage markers (collagen I). 
Adequate cell morphology was visible. These outcomes were mir-
rored at the rabbit cartilage lesion treatment, where the combined 
therapy rendered significantly improved regeneration as compared 
to microfracture (p<0.05) and untreated group (p<0.01). 

Conclusion: The combined therapy demonstrated itself successful 
on the repair of a critical focal cartilage lesion, while avoiding dis-
ruption of the subchondral bone, as occurring with microfracture. 
Additionally, repair outcomes with the combined therapy, evalua-
ted at a quite early stage, outperformed repair extent promoted by 
current standard of care microfracture. Its simplicity and cost-effec-
tiveness seems an attractive and competitive therapeutic approach 
for cartilage repair.

P30
Loss of histone methyltransferase EZH2 promotes chondrocyte 
maturation in vitro and in vivo
E.T. Camilleri1, A. Dudakovic1, F. Xu1, C. Galeano-Garces1, 
M. Mcgee-Lawrence2, S. Riester1, A.J. Krych1, A.N. Larson1, H. Im3, 
J. Westendorf1, A. Van Wijnen1  
1Rochester/United States of America, 2Georgia/United States of America, 
3Chicago/United States of America

Purpose: Epigenetics controls gene expression through the modi-
fication of histones and can regulate tissue phenotype and lineage 
commitment of stem cells. To identify epigenetic regulators control-

ling cartilage development we conducted a high-throughput gene 
expression profiling of epigenetic regulators in hMSCs. From this 
analysis, we identified Enhancer of Zeste Homolog 2 (EZH2) as an 
histone methyltransferase that is robustly expressed during chon-
drogenic differentiation of hMSCs. The biological impact of EZH2 on 
chondrocyte differentiation, maturation and skeletal development, 
was examined using an EZH2 conditional knockout (cKO) model 
using the COL2A1 driver.

Methods and Materials: The EZH2-loxp mouse was acquired from 
MMRRC and bred with COL2A1-Cre mice to generate the cKO. Ske-
letal development was analyzed at 4 and 8 weeks of age by gross 
anatomy, radiology and µCT. Histological analysis with Alcian Blue 
staining was performed on mouse tibias. Immature mouse articu-
lar chondrocytes (IMACs) were also isolated from cKO and control 
mice, and micromass cultures were used to model endochondral 
ossification in vitro. Quantitative real-time PCR was used to analyze 
gene expression.

Results: Gross anatomical and radiographic analysis revealed no 
skeletal abnormalities of developing and mature EZH2 cKO mice. 
However, µCT analysis of tibias from immature mutant mice re-
vealed a 42.8% reduction in bone volume. These results suggest 
that depite normal development, immature EZH2 cKO mice exhibit 
an osteoporotic phenotype. Gene expression analysis of IMAC cul-
tures from cKO and wildtype mice, revealed significant upregulation 
of hypertrophic chondrocyte markers, including IHH and BMP2, in 
EZH2 deficient chondrocytes.

Conclusion: Histone modifying enzymes have the ability to regulate 
tissue phenotype and linage commitment. This study demonstrated 
cKO of EZH2 in the chondrocyte linage enhanced the expression of 
hypertrophic chondrocyte genes. These findings suggest targeting 
EZH2 through direct genetic manipulation or pharmacologic inhibi-
tors may have potential clinical and therapeutic applications in the 
treatment of OA and other cartilage injuries.

P31
Stabilization of the Mouse ACL Deficient Knee - A Clinically 
Relevant Model of PTOA
C. Arce, I. Welch, F. Beier, A. Getgood  
London/Canada

Purpose: Current rodent models for the study of post-traumatic 
osteoarthritis (PTOA) focus on creating ligament instability or me-
niscus loss, similar to that seen in humans. These models are then 
used to test the efficacy and effectiveness of new treatments and 
imaging modalities. However, their true translational applicability is 
questioned, as the models rarely employ a technique to address the 
biomechanical deficiency, as is often seen in the clinical scenario. 
The objective of this study was to develop a surgical procedure to 
effectively stabilize the mouse knee joint following ACL injury, which 
could then be used as a clinically relevant rodent model of PTOA.

Methods and Materials: Ten C57 black mice underwent surgical 
transection of the ACL under general anesthesia. Under microscope, 
the ACL was transected and anteroposterior instability of the joint 
confirmed. Six of the mice underwent ACL stabilization utilizing an 
extra-articular approach with a 5-0 prolene suture. The other 4 ser-
ved as controls. Postoperative evaluation was made at five and ten 
weeks, with gait analysis and histological examination.

Results: As expected, marked stiffness was observed at 5 and 10 
weeks in the ACL transected mice, associated with significant dege-
nerative change. In the ACL repair mice, normal gait was observed at 
5 weeks and 10 weeks, with a reduction in joint stiffness noted. No 
adverse events were noted with the new surgical procedure.
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Fig1. Light Intensity measures of gait. 

Fig2. Regularity Index measures of gait.

Conclusion: The further investigation into PTOA requires more cli-
nically relevant and robust animal models. All mice were monito-
red for the cellular and behavioural changes of PTOA progression. 
The mice that underwent the novel stabilization surgery showed no 
signs of hinderance and there were no evident signs of additional 
joint degeneration. This proposed model will be used to study the 
effects of injury and repair to optimize patient treatment.

P32
The Effect Of Platelet Rich Plasma And Hyaluronic Acid On 
Autologous Osteochondral Transplantation: An In Vivo Rabbit 
Model
N.A. Smyth, K.A. Ross, A.M. Haleem, C.D. Murawski, E.J. Fraser, 
J. Kennedy  
New York/United States of America

Purpose: The purpose of this study was to assess and compared 
the effect of PRP and HA individually, as well as combined, on the 
histological results of AOT in a rabbit model.

Methods and Materials: Bilateral osteochondral defects were crea-
ted on the femoral condyles of 36 New Zealand White rabbits. These 
defects were substituted with osteochondral grafts harvested from 
the contralateral femoral condyle and following wound closure and 
after randomization, the knees were treated with either the biologi-
cal adjunct (PRP group, n = 12; HA group, n = 12; PRP + HA group, n 
= 12) or saline solution (control) with each rabbit serving as its own 
control. The rabbits were euthanized at three, six, or twelve weeks 
postoperatively. The osteochondral graft sections were stained 
using hematoxylin and eosin, alcian blue, and type II collagen im-
munohistochemistry and assessed using the modified ICRS scoring 
system.

Results: The mean modified ICRS histological score for the both 
PRP and PRP+HA groups were significantly higher than control. The 
HA treated group however showed no statistically significant dif-
ference compared to control. The mean modified ICRS histological 
score for the PRP + HA treated group was significantly higher than 
its control. There was no statistically significant difference between 
the mean modifi ed ICRS scores of the PRP and the PRP + HA treated 
grafts. Assessing graft integration specifically, the mean score of 
the PRP and PRP + HA treated groups was significantly higher than 
that of their controls, however there was no statistically significant 
difference in the integration scores between the PRP and PRP + HA 
groups.

Conclusion: PRP improved the integration of the osteochondral 
graft at the cartilage interface and improved the modified ICRS hi-
stological score in an in vivo animal model. HA did not signifi cantly 
affect the histological results of AOT either on its own, or as an ad-
dition to PRP.

P33
Identification of synovial fluid microRNAs as potential OA 
biomarkers
Y. Li, R. Gandhi, A. Weston, D. Antfleck, B. Saffar, R. Davey, K. Syed, 
N. Mahomed, M. Kapoor  
Toronto/Canada

Purpose: To identify potential miRNA biomarkers in synovia fluid for 
osteoarthritis (OA)

Methods and Materials: miCURY LNA miRNA PCR arrays covering 
752 human miRNAs were used for profiling and quantitative real-
time PCR was used to validate miRNA targets. Earlystage OA synovi-
al fluid was obtained from patients undergoing arthroscopic surgery 
and endstage OA synovial fluid was from patients undergoing total 
knee replacement surgery.

Results: We performed a miRNA profiling in synovial fluid from 4 
early stage OA patients and 4 endstage OA patients. Fourteen miRN-
As were differentially expressed in endstage OA compared to ear-
ly stage OA. Among those, 6 miRNAs were upregulated, 5 miRNAs 
were downregulated and three were only detected in endstage OA. 
At the second stage of this study, these miRNA targets were vali-
dated in more synovial fluid samples from 27 endstage OA and 24 
early stage OA. Nine miRNA remained to be significantly differen-
tially expressed: miR-23a, miR-24, miR-27a-3p, miR-27b, miR-29c, 
miR-34a and miR186 were expressed at a higher level in endstage 
OA while miR-27a-5p was expressed at a lower level in end stage 
OA; miR-378a was detected in majority of endstage OA samples but 
only detected in a few early stage OA samples. In addition, gender 
specific analysis showed similar patterns of expression of these 9 
miRNAs in both females and males. On-going work is to investigate 
the functions of each miRNAs during the pathogenesis of OA.
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Conclusion: Nine miRNAs in synovial fluid were identified to be dif-
ferentially present in endstage OA patients compared to ealy stage 
OA. These circulating miRNA have the potential to serve as minimal-
ly invasive OA biomarkers.

P34
Harvesting Cartilage for Autologous Chondrocyte Implantation – 
What Impact Does it have on the Joint?
K. Wright, H. Mccarthy, S. Roberts, J. Richardson  
Oswestry/United Kingdom

Purpose: Autologous chondrocyte implantation (ACI) has been used 
in our centre to treat over 400 patients with cartilage defects in the 
knee. This study examined the impact of the cartilage harvest pro-
cedure (Stage I) on the joint tissues at the time of cell implantation 
(Stage II) and post-operatively at 12 months.

Methods and Materials: Hyaluronan (HA), cartilage oligomeric 
matrix protein (COMP), lipids, CD14 and ADAMTS-4 activity were 
measured and normalised to urea content in the synovial fluid (SF) 
of 25 patients at Stage I and II. HA and COMP were also measured in 
the blood plasma. Histological analyses of the new tissue formed at 
the treatment site between Stage I and II and the harvest donor site 
at 12 months were also performed for 3 patients.

Results: Paired biomarker analyses demonstrated that levels of 
COMP, lipids, CD14 and ADAMTS-4 activity were elevated in the 
SF of patients at Stage II compared to Stage I, being significant for 
CD14 (p<0.001). Interestingly, HA levels significantly declined in the 
SF between Stages I and II, but were significantly elevated in the 
blood plasma (p<0.05). Tissue formed at the treatment site in the 
3 weeks between Stage I and II appeared fibrocartilaginous or fi-
brous, was densely populated with cells and contained few glyco-
saminoglycans. The mean ICRS II histological score for the biopsies 
taken from the donor site at 12 months were 117+/-10 (maximum 
score 140).

Conclusion: This study suggests that there may be an acute in-
flammatory response in the knee to the cartilage harvest procedure 
in ACI, but that new fibrocartilaginous and fibrous tissues can form 
in existing cartilage defects between Stage I and II. Histologically, 
there appears to be very little donor site morbidity at 12 months but 
more patients are required for comparisons to be made with long-
term clinical outcome. Acknowledgements: Arthritis Research UK 
(Grants 18480 &19429) and OsCell.

P35
Integrin α10β1 expression on adipose tissue derived 
mesenchymal stem cells correlates with improved chondrogenic 
potential.
K. Uvebrant, M. Johannesson, R. Gisler, J.F. Talts, E. Lundgren-
Akerlund  
Lund/Sweden

Purpose: Mesenchymal stem cells (MSCs) can be isolated from vari-
ous tissues, have the capacity to differentiate into separate cell line-
ages, and can generate bone, cartilage and adipose tissue. Whether 
the cell tissue source is important for their differentiation potenti-
al into specific cell types has been a topic of discussion. We have 
previously shown that integrin α10β1 expression on bone marrow 
derived MSCs is correlated with improved chondrogenic differenti-
ation potential. In the present study we examined if adipose tissue 
derived (ATD)-MSCs express integrin α10β1 and if the presence of 
this integrin correlates with chondrogenic differentiation and pro-
duction of a high quality cartilage matrix in pellet mass cultures. 

Methods and Materials: ATD-MSCs were cultured in the presence 
of FBS, FGF-2, or platelet lysate to induce integrin α10β1 expression. 
Cells were subsequently subjected to chondrocyte differentiation in 
pellet mass cultures. On day 28, the pellets were stained with Alci-
an blue and Alizarin red and immunocharacterized with antibodies 
directed against the integrin subunits α10 and α11, aggrecan, and 
collagen types I, II, and X. Furthermore, human adipose tissue was 
immunocharacterized using antibodies directed against integrin 
α10 and PECAM-1.

Results: We found that isolated ATD-MSCs, cultured in the presence 
of FGF-2 or platelet lysate, express integrin α10β1 to a higher degree 
compared to FBS only. Furthermore, the integrin α10β1 expressing 
MSCs differentiated into chondrocytes in pellet mass cultures and 
produced a cartilage matrix of high quality as judged by collagen 
type II / collagen type I ratio and aggrecan expression. Interestin-
gly, we found expression of integrin α10β1 in a specific blood vessel 
associated cell population in human adipose tissue.

Conclusion: Integrin α10β1 expressing MSCs, isolated from adipose 
tissue, have chondrogenic potential and produce high quality carti-
lage in pellet mass cultures. This further supports integrin α10 as a 
unique and useful quality / potency marker of MSCs in regeneration 
of cartilage.

P36
Early biomarker changes after ACL injury and the effect of early 
administration of Kenalog
C. Lattermann1, M. Proffitt1, K.P. Spindler2, V.B. Kraus3, K.P. Spindler2  
1Lexington/United States of America, 2Cleveland/United States of 
America, 3Durham/United States of America

Purpose: Inflammatory changes after ACL injury play a role in the 
development of posttraumatic Osteoarthitis (PTOA). The goal of this 
study was to collect a panel of biomarkers from synovial fluid imme-
diately after ACL injury and evaluate the effect of early administra-
tion of Kenalog.

Methods and Materials: RCT evaluating patients with isolated ACL 
tears within 7 days after ACL tear. Patients underwent knee joint as-
piration and study drug administration at ~4 days after injury, ~12 
days after injury. Patients were randomized into 4 groups. Group A: 
saline/Kenalog, Group B: Kenalog/Saline, Group C: Kenalog/Kena-
log, Group D: Saline/Saline. A panel of inflammatory ,catabolic and 
anabolic cartilage related biomarkers was analyzed at 4,12 and 28 
days. All patients also underwent a standardized PRO-battery inclu-
ding the IKDC, KOOS, Marx and SF-36 at6 different time points. Sim-
ple descriptive statistics was performed using the Student’s T-test 
and Bonferoni correction. Correlations between Group assignment 
and biomarker levels will be performed using Pearson’s correlation 
coefficient.

Results: We enroled 49 patients (25m;18f) 18.6 y(13-33). Biomarker 
profiles showed a pattern consistent with previous reports for acute 
knee injury and early OA in mice. CTX-II was elevated after 12 days 
and at 28 days after injury while sCOMP was reduced over the same 
time frame. Kenalog reduced CTX-II levels, increased sCOMP levels. 
TSG-6, a chondroprotective agent, was severely diminished in con-
trol patients and showed a dramatic increase in patients receiving 
cortisone.
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Conclusion: Collagen breakdown products are elevated and chon-
droprotective factors are reduced in synovial fluid in patients after 
ACL injury. This effect can be mitigated by the early administration 
of Kenalog. Early administration of Kenalog seems to be beneficial 
for the knee joint immediately after ACL injury. This may be a poten-
tial avenue to reduce the high percentage of patients going on to 
display symptomatic PTOA within a few years after ACL injury.

P37
Coaxial electrospinning scaffolds synchronously promoting 
BMSC adhesion and chondrogenic differentiation
Z. Man, X. Hu, Y. Ao  
Beijing/China

Purpose: To develope a novel co-delivery system of the bone mar-
row-derived stem cells (BMSC) specific affinity peptide (E7) and 
rhTGF-β1 based on the technology of coaxial electrospinning.

Methods and Materials: The scaffold of electrospinning were cha-
racterized by scanning electron microscopy (SEM), transmission 
electron microscopy (TEM) and confocal microscopy. The release 
and bioactivity of rhTGF-β1was determined by ELISA, real time PCR 
and Immunohistochemistry. 

Results: The fibers of scaffold displayed a uniform core-shell struc-
ture with a diameter around 670 nm and TRAMA-BSA was uniformly 
distributed in the core of coaxial fibers. The E7 could be successfully 
conjugated onto the PCL shell of coaxial fibers. RhTGF-β1 incorpora-
ted in the core of E7-mediated coaxial electrospinning fibers could 
maintain sustained release profile and biological activity. Based on 
the results of cell number of adhesion, cell spreading and DNA con-
tent, we could conclude that the introduction of E7 could improve 
the adhesion, spreading and metabolic activity of BMSCs on scaf-
folds. And also, BMSCs cultured on the co-delivery coaxial electro-
spinning scaffold could not only upregulate mRNA of GAG and col-
lagen II but also secrete proteins of GAG and collagen II, which are 
specific markers of hyaline cartilage.

Conclusion: Our results indicate that the E7/rhTGF-β1-modified 
coaxial electrospinning scaffold could synchronously promote the 
BMSCs adhesion and chondrogenic differentiation.

P38
One-Step Repair for Cartilage Defects in Rabbit Knees: 
A Technique Combining the DCBBM Scaffold and Microfracture
L. Dai, Z. He, X. Zhang, X. Hu, Y. Ao  
Beijing/China

Purpose: A more effective, simple, one-step procedure that can pro-
duce hyaline-like cartilage is needed for articular cartilage repair.

Methods and Materials: DCCBM scaffold was prepared based on 
our previous reported methods. MSCs were isolated from bone mar-
row aspirates of rabbit. Scanning electron microscopy (SEM), con-
focal microscopy and DMMB assay were used to assess the attach-
ment, proliferation and cartilage matrix production of MSCs grown 

on DCCBM scaffold in vitro. Full-thickness defects were performed 
in the articular cartilage of the trochlear groove of rabbits. Three 
groups were assigned: perforated DCCBM combined with microfrac-
ture (DCCBM+M group); perforated DCCBM alone (DCCBM group); 
microfracture alone (M group). 5 rabbits were sacrificed 6, 12 and 24 
weeks postoperation in each group. The repaired tissues were ana-
lyzed by histological examination, assessment of matrix staining, 
SEM and nanoindentation of biomechanical properties.

Results: The DCCBM+M group showed a hyaline-like articular carti-
lage repair and the repaired tissues appears to have a better matrix 
staining and biomechanical properties close to that of the normal 
cartilage. The defects in the other two groups showed unsatisfied 
repaired tissues with less matrix staining in DCCBM group and no 
matrix staining in M group; poor integration with normal cartilage 
and poor biomechanical properties compared to DCCBM+M group.

Conclusion: These findings demonstrate that the DCCBM scaffold is 
suitable for MSCs growth and hyaline-like cartilage repair induction.

P39
Novel, hybrid, thermo-sensitive hydrogels for biofabrication and 
cartilage tissue-engineering
V.H.M. Mouser, A. Abbadessa, M.M. Blokzijl, D. Gawlitta, W.J.A. Dhert, 
W.E. Hennink, T. Vermonden, J. Malda  
Utrecht/Netherlands

Purpose: Bioprinting of cell-laden hydrogel scaffolds can further 
recapitulate the layered tissue organization in tissue-engineered 
constructs for articular cartilage repair. In particular, hydrogels 
consisting of PEG and N-(2-hydroxypropyl) methacrylamide mono/
di-lactate (HPMA-lac) are a promising bioink due to their biode-
gradability and tunable thermo-sensitive properties. The aim of this 
study was to analyze the suitability of this biomaterial for cartilage 
tissue-engineering. In addition, the contribution of methacrylated 
hyaluronic acid (HAMA) and chondroitin sulfate (CSMA) to the me-
chanical properties and chondrogenic potential of this hydrogel was 
evaluated.

Methods and Materials: Methacrylated polyHPMA-lac-PEG-triblock 
(MP), HAMA (120 and 1560 kDa) referred to as LMW- and HMW-
HAMA, respectively, and CSMA were synthesized and characterized. 
Mechanical properties and degradation behavior of hydrogels ba-
sed on MP with and without the functionalized polysaccharides 
were investigated. UV-crosslinked hydrogels loaded with equine 
chondrocytes (n=3) were cultured in chondrogenic differentiation 
medium. Samples were harvested at day 0, 28 and 42 and analy-
zed for evidence of cartilage formation. Finally, 3D printed hydrogel 
constructs were created using a 3D Discovery bioprinter. 

Results: All polymers were methacrylated in a reproducible manner, 
16.6±1.4% of the polysaccharides’ primary OH-groups and 10.6% of 
MP’s OH-groups were functionalized. All the formulations exhibited 
thermo-sensitive behavior when tested under temperature ramp 
experiments from 4 to 50°C. MP combined with HMW-HAMA sho-
wed the highest storage modulus at 37°C. This beneficial effect can 
be likely explained by the absence of phase separation, which was 
present in the formulations containing LMW-HAMA. Furthermore, 
MP-gels supported cartilage-like tissue formation of chondrocytes. 
However, in contrast to literature the addition of polysaccharides 
seemed to decrease GAG and collagen type II deposition. Finally, 
the HMW-HAMA containing hydrogel was most suitable for printing 
of 3D constructs.

Conclusion: MP based hydrogels are a promising tool for cartilage 
tissue-engineering. The addition of HMW-HAMA improves mecha-
nical properties and shape fidelity, but does not improve cartilage-
like tissue formation. 



Posters155

P40
Freeze-dried chitosan formulations for mixing with platelet-rich 
plasma to form implants for tissue repair
A. Chevrier, V. Darras, G. Picard, M. Nelea, D. Veilleux, M. Lavertu, 
C.D. Hoemann, M.D. Buschmann  
Montreal/Canada

Results: Freeze-dried polymer formulations containing low and me-
dium chitosan Mn and concentrations were rapidly and completely 
solubilised in PRP. Chitosan-PRP formulations were more viscous 
than PRP controls (Fig. 1a) and coagulated quickly (Fig. 1b) to form 
solid hybrid clots (Fig. 1c&d), which retracted much less than PRP 
controls (Fig. 1e). Chitosan dispersion in the hybrid clots was stron-
gly dependent on the chitosan Mn, with medium Mn chitosan yiel-
ding homogenous clots (Fig. 1f to h). Chitosan Mn, chitosan concen-
tration and excipient concentration modulated the performance of 
formulations (Fig. 2). Chitosan-PRP hybrid clots were internalized 
by host cells and resident until at least 2 weeks in vivo (Fig. 1i&j), 
while PRP controls were quickly degraded within days. No adverse 
reactions were observed post-implantation.

 

P42
Enhanced Expression of Type II Collagen with a Micronized 
Cartilage Matrix and Platelet Derived Growth Factor
J.R. Mullen, K. Myers, Z. Parikh, H. Liang, D. Grande  
New Hyde Park/United States of America

Purpose: Examine the effect of a micronized cartilage matrix (MCM) 
combined with platelet derived growth facteor (PDGF) as adjunct 
therapy to microfracture surgery on cartilage regeneration in vitro.

Methods and Materials: Horse micronized allograft cartilage matrix 
powders were prepared/sterilized. Rat chondrocytes were cultured 
and plated in DMEM/F12 medium containing 10% FBS. Cells rea-
ched 95% confluence, were cultured for 48 hours and expression 
of type I/II collagen, Aggrecan, matrix metalloproteinase-3 (MMP3) 
were measured, and phase contrast microscopy was performed.

Figure 1: Outline of three treatment and control groups

Groups Treatment

Control DMEM/F12+10%FBS (Basic Medium)

PDGF Basic Medium + PDGF 83ng/ml

Biocartilage Basic Medium + Biocartilage 4mg/ml

Bio-PDGF Basic Medium + PDGF 83ng/ml + Biocartilage 
4mg/ml

Results: MCM and PDGF alone showed decreased expression of 
MMP3 and types I/II collagen, but had little effect on aggrecan. 
PDGF achieved significance in all three of the aforementioned va-
riables (p<0.05), while only Type II collagen reached significance 
(p<0.05) in the MCM group. The combination of PDGF and MCM had 
significant and synergistic effects on the chondrocytes’ expression 
of aggrecan in comparison to the other three groups (p<0.01), while 
the expression of MMP3 was strongly inhibited (p<0.01) (Figure 2).

Phase contrast microscopy showed morphologic changes in all 
treatment groups, as chondrocytes adopted an elongated spindle-
like shape. The PDGF treated chondrocytes achieved the highest de-
gree of cellular organization, while the MCM + PDGF group showed 
aggregation in clusters around cartilage matrix particles (Figure 3).
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Conclusion: Both PDGF and MCM alone, promote proliferation 
of chondrocytes, while reducing inflammation after tissue injury, 
which is thought to be linked to decreased expression of MMP3. A 
synergistic effect of PDGF with MCM was found to be significantly 
greater than either of the two factors used alone, further increasing 
expression of aggrecan while decreasing inflammation. Combining 
both agents shows potential for added utility in repair of chondral 
defects.

P43
Reinforced gelatin hydrogels for cartilage repair: from in vitro 
testing to implantation in the equine stifle joint
J. Visser1, F.P.W. Melchels1, I. Mancini1, H. Brommer1, J. Jeon2, 
E. Van Bussel1, P. Dalton2, W.J.A. Dhert1, D.B. Saris3, D.W. Hutmacher2, 
P..R. Van Weeren1, J. Malda2  
1Utrecht/Netherlands, 2Kelvin Grove/Australia, 3Enschede/
Netherlands

Purpose: Hydrogels for cartilage repair are currently unable to meet 
simultaneously the mechanical and biological requirements for 
successful outcomes. We developed composite constructs based 
on gelatin methacrylamide (GelMA) as a suitable biological envi-
ronment and highly structured poly(e-caprolactone) (PCL) scaffolds 
for mechanical reinforcement, to better approach the mechanics of 
articular cartilage. 

Methods and Materials: GelMA hydrogels were reinforced with de-
fined microfiber scaffolds that were fabricated from medical-grade 
PCL using a 3D-printing technique termed melt electrospinning wri-
ting. The stiffness and elasticity of reinforced hydrogels was ana-
lyzed and the chondrogenic potential of embedded human chon-
drocytes (n=6) was evaluated after an in vitro loading regime in a 
bioreactor system. A surgical technique for implanting and cross-
linking the reinforced gels into cartilage defects was subsequently 
developed in cadaveric equine knee joints and a pilot study was per-
formed in one Shetland pony (two defects in one joint) to evaluate 
surgical feasibility and implant fixation.

Results: The reinforced hydrogels approached the elasticity and dy-
namic stiffness of articular cartilage. While PCL scaffolds and GelMA 
hydrogels are both equally soft, the stiffness synergistically incre-
ased for fiber-reinforced hydrogels, up to 54-fold to 405 ± 67.5 kPa 
when using a 93% porous PCL scaffold. Human chondrocytes em-
bedded in the GelMA/PCL composites were viable and were more 
responsive to an in vitro physiological loading regime in terms of 
ACAN and COL1A1 gene expression than chondrocytes in GelMA 
only. After two weeks, the reinforced gel was still in place in both 
cartilage defects in the pony, as observed macroscopically and hi-
stologically (Figure 1 and 2).

 

Conclusion: The stiffness of gelatin hydrogels was significantly 
increased through reinforcement with 3D-printed scaffolds, ap-
proaching the mechanical properties of articular cartilage. Prelimi-
nary data from the equine model are encouraging and show good 
short-term fixation. A comparative study of (reinforced) hydrogels 
as cell carriers for cartilage repair in equine stifle joints is currently 
ongoing.

P44
Probing cell-matrix interactions in RGD-decorated macroporous 
PEG-cryogels for cartilage regeneration
J. Zhang, A. Mujeeb, J. Lin, Z. Ge  
Beijing/China

Purpose: Cell adhesive properties of biomaterials provide a dyna-
mic microenvironment for dictating cell behaviour, biosynthesis of 
macromolecules and matrix functions for sucessful tissue enginee-
ring applications [1-2]. Here, we exploit the potential use of RGD-
decorated macroporous cryogels made from poly(ethylene) glycol 
(PEG) as scaffolds for cartilage repair. Primary chondrocytes were 
seeded within the scaffolds and performance was evaluated based 
on cell distribution and morphology, proliferation, deposition of ex-
tracellular matrix (ECM) molecules and gene expression of collagen 
type I, II and aggrecan, respectively.

Methods and Materials: Macroporous cryogels; PEG-G2000 (2 mM 
RGD), PEG-G400 (0.4 mM RGD) and PEG-RED (2 mM RED, control 
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group) were subjected to primary chondrocyte culture for 5 weeks in 
vitro. Cell distribution, morphology and viability was assessed via li-
ve-dead staining and 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT M2128, Sigma, China). Whereas, ECM 
deposition was evaluated by 1,9-dimethylmethylene blue (DMMB 
341088, Sigma, China), real-time PCR, F-acting and immunohisto-
chemistry staining. 

Results: Overall, results revealed RGD integration enhanced chon-
drocyte proliferation, GAG synthesis and, gene expression of aggre-
can, collagen I and II. However, a significant difference was obser-
ved in PEG-G2000, in comparison to PEG-G400 and PEG-RED (figure 
1). This study also demonstrated that a specific concentration of 
RGD may be necessary to improve chondrocyte function and matrix 
formation. Figure1:Cell culture analysis.F-actin staining with DAPI at 
day 3 (a,d)PEG-RED;(b,e) PEG-G400;(c,f) PEG-G2000.Chondrocyte 
aggregate morphology quantified for (g) area;(h) aspect ratio;(i) 
roundness, via confocal z-stacking projections;(j) quantitative gene 
expression at day 14.Error bars represent mean values of SD(*P 
<0.05,n=3)

Conclusion: In this study, incorporation of RGD into scaffolds enhan-
ced its cell adhesive properties. By providing extrinsic biophysical 
cues, 3D marcoporous PEG cryogels successfully influenced chon-
drocyte function, as evidenced by elevated levels of cartilaginous 
ECM molecules, GAG, collagen type II and aggrecan. References 1. 
Elosegui-Artola A., et al., Nat Mater. 2014; 13(6): 631-37. 2. Han QQ., 
et al., J Med Biol Eng. 2014; 34(2): 130-36. 

P45
GelrinC, a PEG-fibrinogen based hydrogel, exhibits a unique 
surface-mediated mode of action for cartilage repair
S. Cohen1, Y. Shachaf1, R. Goldshmid2, O. Nadir1, I. Kupershmit1, 
D. Seliktar2, R. Wechsler1  
1Or Akiva/Israel, 2Haifa/Israel

Purpose: Currently available synthetic scaffolds are typically po-
rous, allowing infiltration of stem cells while providing some 
physical support. GelrinC is a non-porous, biosynthetic and bio-

degradable hydrogel composed of denatured fibrinogen and poly-
ethylene-glycol-diacrylate (PEG-DA). The purpose of this work was 
to study the mode of action (MOA) of GelrinC using state-of-the-art 
and novel methodologies.

Methods and Materials: Chondrocyte pellet cultures encompassing 
GelrinC, PEG-DA beads or fibrin clots were produced and analyzed 
by histology. In another in-vitro study, bone marrow mesenchymal 
stem cells (BM-MSC) were grown on the surface of GelrinC or fibrin 
discs. Chondrogenesis of the BM-MSC cultures was evaluated using 
immuno-staining for chondrogenic protein markers and quantified 
using image analysis. Biochemical analysis of glycosaminoglycan 
content was used as an independent measure to assess chondro-
genesis. Lastly, implant degradation was monitored using time-
sequential Magnetic Resonance Imaging (MRI) of GelrinC implants 
covalently linked with gadolinium tri-acrylate in a sub-cutaneous rat 
model.

Results: The GelrinC beads and fibrin clots (unlike pure PEG) were 
well integrated within the chondrocyte pellets. The cells did not pe-
netrate into GelrinC and the beads were degraded on their surface 
by adjacent chondrocytes. In 2D cultures of BM-MSC, the GelrinC 
hydrogel constrained adjacent cells to its surface onto which they 
aggregated, forming a hyaline cartilage matrix, rich in collagen II 
and proteoglycans. In contrast, fibrin allowed cell penetration and 
promoted a fibrotic phenotype. MRI of GelrinC and PEG-DA hydro-
gels, implanted subcutaneously, showed that GelrinC is gradually 
degraded via surface erosion while pure PEG implants resorbed fa-
ster via bulk degradation.

Conclusion: GelrinC presents a unique MOA as compared to other 
scaffolds for cartilage repair. The dense implant prevents the un-
controlled infiltration of bone marrow cells and formation of fibro-
cartilage while the semi-adhesive implant surface mediates implant 
degradation for gradual and controlled tissue regeneration.

P46
Enhancing printability and mechanical properties of gelatin-
methacrylamide for cartilage biofabrication
V.H.M. Mouser, F.P.W. Melchels, J. Visser, D. Gawlitta, W.J.A. Dhert, 
J. Malda  
Utrecht/Netherlands

Purpose: Bioprinting of cell-laden hydrogels can further recapitu-
late the layered tissue organization in tissue-engineered constructs 
for articular cartilage repair. Gelatin methacrylamide (gelMA) is a 
promising candidate for this purpose as it supports cartilage-like 
tissue formation by chondrocytes and is suitable for bioprinting. 
Chondrogenesis of cell-laden gelMA can be improved by addition 
of low concentrations of methacrylated hyaluronic acid (HAMA). The 
aim of this study was to further enhance the printability and mecha-
nical properties of cell-laden gelMA by the addition of gellan gum.

Methods and Materials: Multiple gelMA/gellan concentrations 
were evaluated for their ability to form a printed strand and for the 
feasibility of cell incorporation at 15-37 °C, in order to find the range 
of interest for bioprinting. Next, compression modulus and cartila-
ge-like tissue formation of equine chondrocytes (n=3) were evalua-
ted for hydrogels within the determined range (Fig. 1).

Results: Fourteen of the tested gelMA/gellan concentrations satis-
fied the bioprinting requirements (Fig 1). Addition of small amounts 
of gellan improved strand deposition and construct stiffness, allow-
ing lower gelMA concentrations for bioprinting. Histology revealed 
a more homogeneous collagen type II deposition in samples with 
high gellan concentrations (1%) compared to gelMA only constructs. 
In addition, samples with high total polymer concentrations (20%) 
showed confined clusters of matrix around the chondrocytes, while 
lower polymer concentrations allowed matrix components to redis-
tribute throughout the gel.
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Conclusion: The addition of gellan to gelMA improves strand de-
position, increases construct stiffness, and supports cartilage for-
mation of chondrocytes. However, the addition of high gellan con-
centrations compromised cartilage matrix formation by embedded 
chondrocytes. Therefore, the next step is to add a low concentration 
of gellan together with HAMA to further enhance GelMA as a bioink 
for printing of cartilage constructs.

P47
Hyaluronate Hydrogels with Tunable Mechanical Properties via 
Riboflavin Photocrosslinking
P. Donnelly, A. Finch, T. Chen, R.F. Warren, S. Maher, P.A. Torzilli  
New York/United States of America

Purpose: The goal of this study was to develop an injectable, biode-
gradable hydrogel with mechanical properties that could be tuned 
in situ for soft tissue repair. Novel photochemistry based on phenol 
groups was developed and then modulated to maximize compres-
sive modulus.

Methods and Materials: The scaffolds consist of tyramine-substi-
tuted sodium hyaluronate (TA-HA), photocrosslinked with ultravi-
olet light (UV) in the presence of riboflavin (Figure 1). TA-HA was 
dissolved in PBS (1.0-3.0% w/v) and riboflavin (6–50 µg/mL). The 
solutions were pipetted into cylindrical molds, then exposed to UV 
light (365 nm, 4W) for 5-120 min to form gels, which were then loa-
ded in unconfined compression to 30% strain at 0.5% strain/sec. 
The compressive modulus was calculated as the linear slope of the 
stress-strain curve.

Results: The minimum riboflavin concentration needed to gel a 2.5% 
TA-HA solution was 6 µg/mL for 20 min of UV exposure. Increasing 
the riboflavin concentration resulted in increased compressive mo-
dulus, which plateaued at a concentration of 25 µg/mL (Figure 2, 
left). For a 2.5% TA-HA solution with riboflavin concentrations of 25 
or 50 µg/mL, a minimum UV exposure time of 2.5 min was required 
for gelation, and a maximum modulus of 15 kPa was reached after 
60 mins of UV. Longer exposure times caused photodegradation, 
decreasing the modulus (Figure 2, middle). The compressive modu-
lus could also be tuned by changing the TA-HA concentration from 
1%-3% with 25 µg/mL riboflavin and 20 min UV exposure (Figure 2, 
right).

Conclusion: We developed phenol based photochemically activated 
hyaluronate hydrogels, which unlike other hyaluronate gel systems, 
can be pre-mixed and kept inactive until exposed to UV. Of the pa-
rameters studied, the most powerful was TA-HA concentration, with 
maximum stiffness reached within 20 min of UV exposure. Our sys-
tem is robust, as it is not specific to hyaluronate but depends only 
on the presence of phenolic functionality.

P48
Silk scaffold with immuno-inhibition property for joint cartilage 
repair
S. Zhang, L. Chen, W. Zhang, H.W. Ouyang  
Hangzhou/China

Purpose: The repair of osteochondral defects can be promoted by 
scaffold implantation but is often accompanied with immuno-reac-
tion. Chondroitin sulfate (CS) has shown anti-inflammatory effect on 
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chondrocyte upon stimulation with IL-1 beta. However, role of scaf-
folds functionalized with CS in cartilage tissue has not been syste-
matically studied. In this study, we aimed to developed a scaffold 
with both anti-inflammatory and strong mechanical properties for 
cartilage regeneration.

Methods and Materials: We first fabricated the silk scaffold and 
modified it with CS (silk-CS scaffold). Physico-chemical properties 
of silk-CS scaffold was analyzed by scanning electron microscopy, 
mechanical test and quantification of total or released CS. Human 
chondrocytes were cultured on silk-CS and pure silk scaffolds, and 
their adhesion, proliferation and migration were evaluated. Further-
more, osteochondral defects were created in rabbits and silk-CS 
scaffolds were implanted. 6 and 12 weeks post surgery, joints were 
harvested and cartilage regeneration was evaluated by histological 
analysis, immunohistochemical staining, biomechanical test. The 
role of silk-CS scaffold in cartilage regeneration was analyzed by 
real-time PCR.

Results: Silk-CS scaffold exhibited similar structure but higher me-
chanical property compared to pure silk scaffold. Chondrocytes on 
silk-CS scaffold demonstrated good adhesion, comparative prolife-
ration rate and faster immigration. When implanted into osteochon-
dral defects in rabbit joint, silk-CS scaffold induced more neo-tis-
sues formation and better functional repair indicated by histological 
evaluation. Moreover, the silk-CS scaffold group exhibited reduced 
expression of MMP-1, MMP-13, iNOS, TNF-α genes. 

Conclusion: Our study suggest that silk fibroin scaffolds functiona-
lized with chondroitin sulphate can be exploited to improve cartila-
ge regeneration.

P49
Long-term Wear Evaluation of an Artificial Medial Meniscus 
Implant
J.J. Elsner1, M. Shemesh2, A. Shefy-Peleg2, Y. Gabet3, E. Zylberberg2, 
E. Linder-Ganz2  
1Cambridge/United States of America, 2Netanya/Israel, 3Tel Aviv/Israel

Purpose: A synthetic polycarbonate-urethane (PCU) medial menis-
cus implant was developed for medial meniscal replacement. The 
implant is distinctively different from most orthopaedic implants in 
being composed of a compliant material, and also in its non-fixed 
femur-conforming design. Due to these features, it is important to 
show that the material and design can withstand knee joint condi-
tions. This study evaluated the long-term performance of this device 
by simulating full mixed-mode loading for a total of 5 million load 
cycles (Mc). 

Methods and Materials: Five implants were placed in simulated 
joint fluid and subjected to mixed-mode loading consisting of verti-
cal loading, flexion-extension, anterior-posterior translation, inter-
nal-external rotation as dictated by ISO-14243.The wear rate was 
evaluated using gravimetric methods. The integrity of the implant 
structure and overall volumetric wear were investigated by perfor-
ming micro-CT scans on the test specimens. Other characterization 
methods used to detect degradation of the implant included surface 
properties and roughness (SEM/ AFM), oxidation (ATR-FTIR), and 
molecular weight (GPC).

Results: Microscopic imaging by SEM and AFM showed minor le-
vels of abrasion on the implants’ articulating surfaces, mostly in 
the middle-anterior portion of the superior surfaces. A negligible 
change in the chemical footprint occurred on the surface, with an 
average 6% increase in oxidation. There was a slight increase in the 
number and weight average molecular weights after simulation, 
but no difference in the polydispersity index. Gravimetric measure-
ments demonstrate an initial run-in period followed by a low steady 
wear rate. The wear rate was steady over time. The average wear 
rate over 5 Mc was less than 14.5 mg/Mc, compared to 18.8 mg/Mc 
as determined by µCT reconstruction.

 

Conclusion: The artificial meniscus implant can withstand long-term 
loading in simulated body environment without dislocating or un-
dergoing significant degradation to its structural, mechanical, or 
chemical properties.
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P50
Radially oriented collagen scaffold with SDF-1 promotes 
osteochondral repair by facilitating cell homing
S. Zhu, P. Chen, J. Tao, D. Yu, H.W. Ouyang  
Hangzhou/China

Purpose: The migration of cells from the side and the bottom of the 
defect is important in osteochondral defect healing. Here, we de-
signed a novel collagen scaffold that possessed channels in both 
the horizontal and the vertical directions, along with stromal cell-
derived factor-1 (SDF-1) to enhance osteochondral regeneration by 
facilitating cell homing.

Methods and Materials: Firstly we fabricated the radially oriented 
and random collagen scaffolds, then tested their properties. Then 
we measured the migration of BMSCs in the scaffolds in vitro. Mo-
reover, we created osteochondral defects in rabbits, and implanted 
them with random or oriented collagen scaffolds with or without 
SDF-1, and evaluated cartilage and subchondral bone regeneration 
at 6 and 12 weeks after surgery.

Results: The radially oriented collagen scaffold had better mecha-
nical properties than the random scaffold, but both supported cell 
proliferation well. The radially oriented collagen scaffold effectively 
promoted their migration, and this effect was further facilitated by 
addition of SDF-1. Cartilage regeneration with both the radially ori-
ented scaffold and SDF-1 effectively promoted repair of the cartilage 
defect.

 

Conclusion: Our results confirmed that the implantation of the radi-
ally oriented channel collagen scaffold with SDF-1 could be a promi-
sing strategy for osteochondral repair.

P51
Biphasic Osteochondral Scaffold for Focal Cartilage Repair
P. Lee, X. Yu  
Hoboken/United States of America

Results:

 

From our experiments, we were able to show that there was signi-
ficant difference in osteogenic and chondrogenic markers in each 

individual area through RT-PCR and immunofluoresence imaging. 
Mainly collagen type II and aggrecan was expressed in the cartilage 
scaffold while in the bone area there was signicicantly higher ex-
pression of osteopontin and bone morphogenentic protein.

P52
A Novel Tribologically Enhanced Hydrogel Construct for Articular 
Cartilage Repair
A. Osaheni, P.T. Mather, M.M. Blum  
Syracuse/United States of America

Purpose: Treating focal chondral defects is a widespread and intrac-
table problem. Creating a synthetic implant material which mimics 
natural articular cartilage will significantly improve treatment solu-
tion instead of a total joint replacement or other limited strategies. 
Recent work to repair necrotic tissue in an inexpensive, less-inva-
sive way has focused on developing hydrogel materials, because 
they provide controllable chemical and mechanical characteristics. 
Hydrogel material research routinely focuses on mimicking the 
biomechanics of the natural tissue or the fluid pressurization me-
chanism. However, these approaches ignore surface and boundary 
lubrication, making these potential load-bearing substitutes incom-
patible with natural cartilage, leading the constructs to wear, fail, 
and damage healthy cartilage. To designing an improved hydrogel 
with surface friction and lubrication akin to natural cartilage, we cre-
ated a boundary lubricant enhanced (BLE) hydrogel matrix with a 
zwitterionic boundary lubricant via two fabrication procedures.

Methods and Materials: For a hydrogel matrix material, polyvinyl 
alcohol (PVA) was selected. The hydrogels were created using two 
different gel processing techniques. For approach 1, PVA was blen-
ded with poly(2-(Methacryloyloxy)ethyl]dimethyl-(3-sulfopropyl) 
ammonium hydroxide) (pMEDSAH). For approach 2, the pMEDSAH 
was functionalized to fully formed PVA hydrogels, by adding a vinyl 
group to PVA before creating the hydrogel and then polymerizing on 
the modified hydrogel. Hydrogel fabrication was verified by attenu-
ated total reflectance (ATR) spectroscopy. Experiments were perfor-
med to assess the difference in physical (e.g. water content, contact 
angle, crystallinity), and mechanical properties (e.g., compressive 
modulus); along with friction analysis (e.g., tribo-rheometry).

Results: Results showed that the physical properties and the com-
pressive modulus were within the range of natural cartilage and that 
the BLE hydrogels displayed a decrease friction coefficient with in-
creasing wt% p(MEDSAH)).

Conclusion: Extreme lubrication is hypothesized to result from for-
ming polymer brush-like layers that are robust against high com-
pression and shear forces, plus the hydrophilic effects of the surface 
molecules attract liquid into the contact zone.

P53
Versatile polyglycidol-based hydrogel platform for MSC 
chondrogenesis
T. Böck, V. Schill, S. Stichler, M. Krähnke, F. Gilbert, A.F. Steinert, 
J. Tessmar, T. Blunk, J. Groll  
Wuerzburg/Germany

Purpose: To date, there is still no clinical treatment available that leads 
to an adequate healing of cartilage defects. Our overall aim, therefore, 
is the development of an innovative platform of reactive poly(ethylene 
glycol) or polyglycidol cross-linked hydrogels for guided chondroge-
nesis. Here, we demonstrate functionalization by coupling of chondro-
mimetic peptides, and chondrogenic differentiation of bone marrow-
derived mesenchymal stem cells [BMSC] within these gels.

Methods and Materials: Thiolated hyaluronic acid [HA] was cross-
linked either with poly(ethylene glycol) [PEG, 4-arm, 8-arm] or po-
lyglycidol [PG] derivatives using Michael addition or thiol-ene click 
chemistry. Alternatively, pure PG gels were generated by UV-media-
ted cross-linking of thiolated PG. Various chondromimetic peptides 
were incorporated into the gels by coupling to either PEG or PG. Gels 
were seeded with 8x105 BMSCs per 40 µl gel and chondrogenically 
differentiated. Chondrogenesis was extensively evaluated on cellu-
lar and molecular level.
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Results: In all unmodified PEG or PG cross-linked HA hydrogels, af-
ter 10 and 21 days in culture, chondrogenic differentiation was ob-
served. Histology and immunohistochemistry showed a clear signal 
for GAG and collagen II, but also for collagen I. This was reflected in 
biochemical quantification of GAG and collagen, and gene expres-
sion analysis. Incorporation of peptides derived from extracellular 
matrix components, e.g. KLER from decorin, modulated cartilage 
matrix composition. Strong effects of biomimetic peptides were 
especially observed in pure PG gels exhibiting distinctly higher 
numbers of peptide binding sites, as compared to PEG-derived gels. 
Incorporating N-cadherin-mimetic peptides, e.g. HAVDI, into pure 
PG gels led to clearly increased GAG content and alteration of col-
lagen type ratio, as compared to scrambled peptides or unmodified 
gels.

Conclusion: These results confirm the suitability of the developed 
hydrogels for cartilage engineering and for analysis of peptide ef-
fects on chondrogenesis. In ongoing work, coupling of different 
combinations of biomimetic peptides or growth factors is explored 
to further improve the clinical potential of this material.

P54
Antimicrobial peptide localization in chitosan/blood implants 
through neutrophil recruitment
C. Lafantaisie-Favreau1, J. Guzman-Moràles1, G. Chen1, A.M. Betancourt2, 
C.D. Hoemann1  
1Montreal/Canada, 2New Orleans/United States of America

Purpose: Neutrophil storage granules contain LL-39 which upon de-
granulation is processed to LL-37, an antimicrobial peptide chemo-
tactic for bone marrow mesenchymal cells[1]. Rabbit osteochondral 
defects treated with presolidified chitosan/blood implants show 
enhanced cartilage repair through a phase involving neutrophil re-
cruitment and delayed fibrosis. We hypothesized that CAP18, the 
rabbit homolog of LL-39, accumulates in chitosan implants in paral-
lel with neutrophil recruitment and is absent in fibrocartilage.

Methods and Materials: Presolidified chitosan-autologous blood 
implants were made with 80% deacetylated chitosan (150, 40 and 
10kDa) and delivered by press-fitting into each of three 1.5mm oste-
ochondral drill holes generated bilaterally on femoral knee trochlea 
of N=5, 2.5 year-old NZW rabbits. Contralateral trochlear drill holes 
were left to bleed as controls. At 1 day (N=1) or 21 days (N=4) post-
surgery, defects were analyzed by immunohistochemistry using 
monoclonal antibodies to collagen type I and CAP18. Additionally, 
subcutaneous chitosan implants were generated in rabbit dorsum 
and analyzed for CAP18 and neutrophil accumulation after 1 day.

Results: Early neutrophil influx in chitosan-treated osteochondral 
defects was paralleled by strong CAP18 signal throughout the chi-
tosan/blood implant after 1 day, especially towards the synovial 
cavity. After 21 days, high levels of CAP18 parallel neutrophil accu-
mulation, notably in tissues highly populated by apoptotic neutro-
phils that were previously reported to be ~3-fold more prevalent 
in 150kDa than 40kDa and 10kDa treated defects[2]. Both treated 
and control repair tissues exhibited weak CAP18 staining intensity 
in bone marrow within areas of bone remodeling (Figure 1). CAP18 
was diffusely detected in subcutaneous chitosan implants after 1 
day despite low neutrophil infiltration inside the implants at this 
time point, suggesting protein release.

 

Conclusion: Chitosan implants lead to CAP18 accumulation during 
the acute inflammatory phase of cartilage repair, which may lead to 
a more aseptic repair environment and higher bone marrow mesen-
chymal cell chemotaxis. References [1]Coffelt et al.,2009 [2]Lafanta-
isie-Favreau et al.,2013

P55
Tuning the PEG-fibrinogen (Gelrin®) family of hydrogels toward 
articular cartilage repair
E. Peled1, M. Livnat2, R. Goldshmid1, S. Cohen2, Y. Shachaf2, O. Nadir2, 
I. Kupershmit2, R. Wechsler2, D. Seliktar1  
1Haifa/Israel, 2Or Akiva/Israel

Purpose: To design a PEG-fibrinogen hydrogel by harnessing natu-
ral healing pathways in order to enhance functional cartilage rege-
neration. Two important considerations for an acellular implant for 
cartilage repair are its physical properties and its ability to support 
remodeling.

Methods and Materials: Fibrinogen was modified with poly(ethylene 
glycol) di-acrylate (PEG-DA) to create a semi-synthetic precursor 
(Gelrin). Gelrin formulations with different amounts of free PEG-
DA were produced and photo-cured into hydrogels. Rheological 
properties, biodegradation and ability to support chondrogenesis 
of human mesenchymal stem cells (hMSC) were tested in-vitro. An 
in-vivo study of osteochondral defects treated with acellular Gelrin 
implants in large animals was performed to ascertain the precise 
role of the physical and biodegradation properties of the material in 
relation to key phases of the cartilage repair process.

Results: In-vitro, the biodegradation of Gelrin hydrogels was inver-
sely correlated with PEG-DA content and material stiffness. Increa-
sing the PEG content to an optimal level favored hMSC chondroge-
nesis. In-vivo, the resorption of the acellular Gelrin implants was 
inversely correlative to the PEG content and mediated by adjacent 
endogenous cells. The subsequent regeneration of articular cartila-
ge around the implant was correlative to these properties. Impor-
tantly, the GelrinC® composition – a product approved in Europe for 
cartilage repair – was the most pro-chondrogenic in-vitro and exhi-
bited resorption in-vivo that supported cartilage repair.

Conclusion: Semi-synthetic acellular biodegradable hydrogels can 
promote the repair of articular cartilage through sustained physi-
cal support and endogenous cell-mediated implant resorption. We 
demonstrated this using GelrinC, and our results underscore the im-
portance of designing the hydrogel with characteristics specific to 
the repair process in cartilage injuries.

P56
Development of a fibre-reinforced collagen scaffold for meniscal 
defect repair
D. Howard, J. Wardale, F. Henson  
Cambridge/United Kingdom

Purpose: Meniscal injuries are common sports injuries and lead to 
articular cartilage damage. In this study we report the development 
of a novel fibre-reinforced collagen based scaffold, the evaluation of 
its biocompatibility in vitro and its efficacy in vivo in a large animal 
(ovine) model with and without the addition of platelet rich plasma 
(PRP).

Methods and Materials: Fibre reinforced meniscal scaffolds were 
produced by embedding 300 mm diameter collagen fibres within 
a freeze dried collagen sponge. Human meniscal fibroblasts were 
obtained from human donors under the appropriate ethics and scaf-
fold were evaluated for their ability to support cell using live/dead 
assays and qPCR +/- PRP. Scaffolds were then evaluated for their 
ability to support meniscal healing in an ovine meniscal defect mo-
del. Scaffolds +\- PRP were used to fill to a 3mm diameter meniscal 
defect. Control defects were left empty. Each group contained 8 ani-
mals. Samples were retrieved at 2 and 6m. The outcomes measured 
included functional assays of weight bearing on the operated limb 
and durometer measurements. Histological evaluation was perfor-
med using Saffranin O staining and immunohistochemistry.
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Results: A fibre-reinforced scaffold was produced. This scaffold was 
able to support meniscal fibroblast growth and maintenance of the 
meniscal phenotype. When implanted into an ovine meniscal defect 
the scaffold was bio-compatible. No difference was detected bet-
ween groups in weight bearing. Durometer readings demonstrated 
a significant increase in tissue infilling for defects filled with scaf-
folds and further increases for scaffolds + PRP, compared to con-
trols at 2m. Histology showed a significant increase in healing at 2m 
for scaffold + PRP treated defects and strong collagen type I and II 
depositition in healed defects.

Conclusion: This study demonstrated the biocompatibility and ef-
ficacy of a novel fibre reinforced collagen sponge + PRP or treating 
meniscal defects in vitro and in vivo.

P57
A novel strategy of three-dimensional inkjet bioprinting with 
minimal clogging and robust bone and cartilage formation
G. Gao1, T. Yonezawa2, A.F. Schilling3, G. Dai4, X. Cui4  
1Albany/United States of America, 2La Jolla/United States of America, 
3Munich/Germany, 4Troy/United States of America

Purpose: Inkjet bioprinting is one of the most promising additive 
manufacturing approaches for tissue fabrication. The commercially 
available inkjet printers can be modified to print cells and scaffolds 
at high speed, high resolution, and low cost. The limitations of this 
technology are the potential damages to the printed cells and fre-
quent clogging of the printhead. In order to develop a more efficient 
approach for cartilage and bone tissue fabrication, new printable 
scaffold with continuous printability while still demonstrating bio-
compatibility is disired in bioprinting based on thermal inkjet prin-
ting technology.

Methods and Materials: In our study, we created acrylated peptides 
and co-printed with acrylated poly(ethylene glycol) (PEG) hydrogel 
with simultaneous polymerization. At the same time, the bone mar-
row derived human mesenchymal stem cells (hMSCs) were simul-
taneously deposited and encapsulated during the scaffold printing 
process so the cells were delivered precisely with minimal UV dama-
ge. The multiple steps of scaffold synthesis and cell encapsulation 
were successfully combined into one single step using bioprinting.

Results: The resulted peptides conjugated PEG scaffold demonstra-
ted the excellent biocompatibility with a cell viability of 87.95.3%. 
The nozzle clogging was minimized due to the low viscosity of the 
PEG polymer. Bioprinted tissue constructs were cultured under os-
teogenic and chondrogenic differentiation to form bone and cartila-
ge. Besides the significantly increased mechanical properties, the 
excellent mineral deposition and cartilage matrix production were 
also observed in bioprinted bone and cartilage tissue. Strikingly, 
the bioprinted PEG-Peptide scaffold dramatically inhibited hMSC 
hypertrophy during chondrogenic differentiation.

Conclusion: Collectively, bioprinted PEG-Peptide scaffold and hM-
SCs significantly enhanced osteogenic and chondrogenic differenti-
ation for robust bone and cartilage formation with excellent mecha-
nical properties and minimal nozzle clogging.

P58
Directing Chondrogenesis of hMSCs in a Biomimetic Hydrogel 
Under Loading
E. Aisenbrey, S.J. Bryant  
Boulder/United States of America

Methods and Materials:

 

HMSC (10x106 cells ml-1, Texas A&M) laden hydrogels were formed 
by photopolymerization of 10wt% PEG dimethacrylate, acryloyl-
PEG-RGD (0-1mM) and methacrylated ChS (0-2wt%), cultured in de-
fined chondrogenic medium with 2.5 ng ml-1 TGF-β3, and cultured in 
custom bioreactors (unconfined dynamic compression, 0.3-1Hz and 
5-10% strain, 1hr/day). RT qPCR and immunohistochemistry for col-
lagens I,II and X, and aggrecan were analyzed.

Results: Initial studies were performed to screen ChS (1 and 2wt%) 
and RGD (0.1 and 1 mM) concentrations for hMSC chondrogenesis. 
After 14 days, hydrogels with 1 wt% ChSMA + 0.1 mM RGD led to the 
highest collagen II gene and protein expressions, but this was con-
comitant with high collagen X expressions. Under dynamic loading, 
collagen II gene and protein expressions were not affected after 21 
days. However, collagen X protein expression was highly dependent 
on mechanical loading, whereby low strain and low frequency dra-
matically down regulated gene and protein expressions at day 21. 
Select data are in Figure 2.

 

Conclusion: Overall, loading at 1 Hz and 5% compressive strain en-
hanced hMSC chondrogenesis in a biomimetic hydrogel while mini-
mizing hypertrophy (collagen X). Our findings suggest that collagen 
X, but not collagen II, is differentially regulated by loading during 
chondrogenesis. We recently extended this work to a multilayer hy-
drogel for osteochondral tissue engineering and demonstrated that 
chondrogenesis was achieved in the ‘cartilage’ layer, but only when 
combined with loading. Future studies are underway incorporating 
these biomimetic factors in an enzymatically degradable hydrogel. 
This work was supported by NSF (GRFP and CAREER Award).
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P59
Thermo-responsive collagen hydrogels for injectable MSC-based 
cartilage repair
A. Barnes1, J. Lapworth2, M. Coles1, S. Rimmer2, P. Genever1  
1York/United Kingdom, 2Sheffield/United Kingdom

Purpose: Current cell-based approaches to regenerate cartilage 
result in tissue that may histologically resemble native cartilage, 
but lacks the mechanical properties. Delivering MSCs and/or chon-
drocytes within a biomaterial, could improve the quality of the re-
generated cartilage. Furthermore, the use of a thermo-responsive 
hydrogel will enable minimally-invasive surgery. Collagen I and 
poly(N-isopropylacrylamide) (PNIPAM) hydrogels gelate at physio-
logical temperatures and when combined exploit the biocompatibi-
lity of collagen and the mechanical strength of PNIPAM within one 
scaffold.

Methods and Materials: Hybrid gels were created by mixing PNI-
PAM and collagen I at 4o C and directly suspending MSCs within the 
gel. Various blends of collagen and PNIPAM were fabricated, with a 
range of physical properties. Constructs were maintained in chon-
drogenic media for 21 days and then analysed by histology and gene 
expression.

Results: Increasing concentrations of PNIPAM, resulted in fibrillar 
networks where variation in porosity and mechanical properties of 
the hydrogels are attributed to the interaction between PNIPAM and 
collagen fibrils. MSCs were differentiated towards chondrocytes 
using hydrogels with high concentrations of PNIPAM (5 wt%) and 
low collagen (0.3 wt%), as these gels had mechanical properties 
approaching the values of native cartilage. The high syneresis and 
low cell attachment associated with these gels resulted in poor 
chondrogenic differentiation. Increasing the collagen concentration 
up to 0.5 and 0.75 wt% resulted in increased chondrogenesis, cha-
racterised by the production of a proteoglycan and collagen II rich 
matrix.

 

Conclusion: A series of hydrogels has been produced, which have 
variable mechanical properties and microstructures. These hydro-
gels are easily fabricated and MSCs can be uniformly encapsulated 
throughout. The ability of the MSCs to undergo chondrogenesis 
within the gels is blend-dependent and favours hydrogels with mi-
nimal syneresis and the presence of collagen to promote cell attach-
ment.

P60
Treatment of Acetabular Chondral Defects In Femoral Acetabolar 
Impingement. AMIC Vs Microfractures. A 5-Year Follow-Up Study.
A. Fontana  
Lanzo D’intelvi/Italy

Purpose: Repair of chondral lesions stemming from femoroaceta-
bular impingement requires specific therapeutic approaches, in 
addition to impingement treatment. This retrospective analysis of 
consecutive patients from a single centre compares microfracture 
(MFx) with the enhanced microfracture autologous matrix-induced 
chondrogenesis (AMIC) technique. The treatment modalities differ 
in that the AMIC procedure incorporates a collagen matrix, used to 
cover and protect the blood clot generated by microfracture (MFx). 

Methods and Materials: Acetabular chondral lesions ranging from 2 
to 8 cm2 in 77 and 70 patients were treated by MFx or AMIC, respec-
tively. Treatment outcomes were assessed by the modified Harrison 
Hip Score with follow-up at 6 months, 1, 2, 3, 4, and 5 years.

Results: Both MFx and AMIC significantly improved the clinical sta-
tus at 6 months and 1 year. Over the 2-5 year period, a progressive 
degradation of functionality was measured in the MFx group, while 
the positive outcomes of the AMIC group remained stable. In addi-
tion, the AMIC treatment group performed significantly better than 
MFx group at each long-term time point. No conversion to total hip 
arthroplasty (THA) was observed in the AMIC group, whereas THA 
was necessary in 7.8% of the patients in the MFx group. 

Conclusion: The results of this study provide proof that both MFx 
and AMIC therapy improve clinical outcomes associated with repair 
of acetabular chondral damage. The AMIC group showed long term 
durable improvement, scoring significantly better than the MFx 
group, particularly in large (≥4 cm2) lesions over the 2 – 5 year peri-
od examined.

P61
Limited Osteochondral Repair by a Biomimetic Collagen Scaffold 
- One to Three Years Clinical and Radiological Follow-Up
B.B. Christensen, C.B. Foldager, J. Jensen, N.C.B. Jensen, M. Lind  
Aarhus/Denmark

Purpose: Treatment of osteochondral injuries is challenging and no 
gold standard has been established. Layered cell-free scaffolds are 
a new treatment option for these defects.

The purpose of this study was to evaluate the osteochondral repair 
in patients treated with the MaioRegen® scaffold, a cell-free bio-
mimetic scaffold consisting of type I collagen and hydroxyapatite. 
Treatment using this scaffold has previously shown promising cli-
nical results.

Methods and Materials: Ten patients with osteochondral defects in 
the knee (n=6) or in the talus (n=4) were enrolled. All patients filled 
out clinical evaluation questionnaires preoperatively and at the fi-
nal follow-up (2.5 years). The patients underwent preoperative MRI, 
and CT and MRI 1 and 2.5 years postoperatively. The cartilage and 
bone formation was evaluated using the MOCART score and semi-
quantitatively, respectively. Knee patients were clinically evaluated 
using KOOS, IKDC and Tegner, while ankle patients were evaluated 
using AOFAS Hindfoot and Tegner. 

Results: Two patients were re-operated and excluded due to treat-
ment failure. None of the patients had complete regeneration of the 
subchondral bone evaluated using CT. At 2.5 years 6/8 patients had 
no or very limited (<10%) bone formation in the defect and 2/8 had 
50-75% bone formation in the treated defect. MRI showed no impro-
vement in the MOCART score at any time point. A significant clinical 
improvement was found with the IKDC and the KOOS pain subscale. 
No improvement was found with the remaining KOOS subscales, the 
Tegner or AOFAS Ankle-Hindfoot score.

Conclusion: Treatment of osteochondral defects in the ankle and 
knee joint with a biomimetic scaffold resulted in incomplete carti-
lage repair and limited subchondral bone repair at 1 and 2,5 year’s 
follow-up. Two patients were excluded due to treatment failure. 
Some clinical improvement was observed. These results raise con-
cerns about the biological potential of the MaioRegen® implant for 
osteochondral repair.
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P62
Autologous Collagen Induced Chondrogenesis: Four-year clinical 
results of arthroscopic single staged treatment of cartilage 
defects.
A. Shetty1, S.J. Kim2, V.A. Shetty1  
1Chatham/United Kingdom, 2Seoul/Korea

Purpose: We describe a single stage arthroscopic procedure for the 
treatment of articular cartilage defects in the knee. The novel pro-
cedure involves microdrilling and application of atellocollagen and 
fibrin gel. The aim of the study was to evaluate the clinical outcomes 
at 4 years.

Methods and Materials: A prospective study of 30 patients with 
symptomatic ICRS gradeIII/IV chondral defects which were as-
sessed clinically and radiologically. The lesions were located on 
the MFC, LFC, trochlea or patella, ranging from 2-8cm2. The surgical 
procedure involved debridement of the lesion, microdrilling and ap-
plication of atellocollagen and fibrin gel under CO2 insufflation. Pa-
tients were clinically assessed using the Lysholm, IKDC and KOOS 
scores. Radiological assessment used the MOCART score.

Results: At 4 year follow-up: • Lysholm score was 80.46 ± 24.7, up 
from 51.7 ± 27.1 pre-operatively (p < 0.05). • KOOS (symptomatic) 
was 89 , up from 66.2 pre-operatively. • IKDC (subjective) was 78.6, 
up from 41 preoperatively. • MOCART score for all lesions was 71.3 
• The mean T2* relaxation-times for the repair tissue and native 
cartilage were 28.8 and 29.7 respectively. dGEMRIC scan suggests 
hyaline like repair tissue.

Conclusion: Our technique shows encouraging results at 4 year 
follow-up as assessed by reliable validated scores and qualitative 
MRI scans.

P63
Innovative surgical technique for GelrinC® hydrogel implant for 
cartilage repair
J. Holz1, A. Ilg1, N. Rasmussen1, R. Simon2, A. Korner2  
1Hamburg/Germany, 2Or Akiva/Israel

Purpose: Background: The GelrinC procedure is a newly available 
treatment for focal cartilage lesions in the femoral condyle. A unique 
device was evaluated facilitating easy and complete sealing of the 
lesion, application of the liquid GelrinC hydrogel and curing into an 
implant. Purpose: To evaluate ease-of-use and technical success of 
the Stelar™ device amongst a group of patients treated with Gel-
rinC in a multi-center prospective study. Study design: Case series

Methods and Materials: The novel Stelar device features a retrac-
table, conical-shaped structure at its distal end to which a silico-
ne sheet is attached. The device is inserted into the knee joint in a 
collapsed form, and once expanded, covers and completely seals 
the lesion during the application and curing of GelrinC. Following 
90-second exposure to UV light, GelrinC turns into an elastomeric 
solid implant and the device is retracted from the joint. Technical 
success and ease-of-use were evaluated by questionnaires using a 
Likert-scale.

Results: GelrinC procedures were successfully performed using the 
Stelar device in 11 patients by nine surgeons. Ease-of-use, ability to 
properly seal the lesion, visibility of GelrinC solution during appli-
cation and Overall Impression were ranked on average to be “very 
easy” to “easy” on a scale of one (very easy) to five (very difficult). 
Lesions with area up to 5 cm2 were treated, and the smallest incision 
size recorded was 3 cm. In several cases, the procedure was monito-
red and visualized with an arthroscope. 

Conclusion: The Stelar device facilitates the technical success and 
ease-of-use of GelrinC cartilage repair procedure. The innovative 
design allows flexible conformation to the size and curvature of the 
patient’s femoral condyle, providing optimal sealing of lesions even 
in challenging locations. In addition, the procedure can be perfor-
med in minimally invasive approach.

P64
Treatment of osteochondral lesions in the knee with a cell-free 
scaffold
A.A.M. Dhollander1, P. Verdonk2, K.F. Almqvist1, R. Verdonk1, J. Victor1  
1Ghent/Belgium, 2Antwerp/Belgium

Purpose: The treatment of osteochondral lesions has become a ma-
jor interest to orthopaedic surgeons because most lesions do not 
heal spontaneously. We present the short-term clinical outcome 
and MRI findings of a cell-free scaffold (MaioRegen) for the treat-
ment of osteochondral lesions in the knee. It was hypothesized that 
all patients treated with this technique would improve clinically and 
that this procedure would fill the cartilage defects completely with 
tissue with a signal similar to cartilage on MRI.

Methods and Materials: Thirty-eight patients were clinically pro-
spectively evaluated during 2 years. MRI data were analysed ba-
sed on the original MOCART (Magnetic Resonance Observation of 
Cartilage Repair Tissue) scoring system at 3, 12 and 24 months of 
follow-up.

Results: The patients who participated in this study showed a con-
tinuous significant clinical improvement after surgery. The scaffold 
treatment failed in two of 38 patients (5.3%). During the 24-month 
follow-up period, it was shown that the MOCART precentages stati-
stically, significantly improved over time. The majority of the osteo-
chondral repair tissue filled the defect depth sufficiently. We found 
subchondral lamina changes in all patients. Moreover, the formati-
on of intralesional osteophytes was observed in 2 of the 38 patients 
(5.6%).

Conclusion: We conclude that this one-step scaffold-based tech-
nique is feasible for osteochondral repair. The surgical technique 
is easy and straightforward. The clinical results are promising. The 
overall MRI aspects of the repair tissue are statisfying and continue 
to evolve during serial observations. However, the subchondral la-
mina and bone changes are concerning.

P65
Biological Joint Hemi-arthroplasty of Large OCDs in Canines 
Using an Aragonite-Hyaluronate Bi-phasic Scaffold
J. Shani1, D. Robinson2, E. Kon3, A.S. Levy4, K.R. Zaslav5, N. Altschuler2  
1Beit Berl/Israel, 2Kfar Saba/Israel, 3Bologna/Italy, 4Millburn/
United States of America, 5Richmond/United States of America

Purpose: Osteochondritis dissecans (OCD) is a developmental di-
sease in young, large breed canines, which most commonly affects 
weight bearing joints, such as the knee and shoulder, leading to 
severe disability. Agili-C™ is an acellular aragonite-hyaluronate 
biodegradable implant that has been shown to support simultane-
ous regeneration of hyaline cartilage and subchondral bone in focal 
cartilage and osteochondral defects, as demonstrated in series of 
preclinical and clinical studies. The current case series describes 
the use of this technology when used as a biological prosthesis in 
hemi-joint replacement in canines.

Methods and Materials: 5 large breed canines with OCD lesions 
involving 50-80% of the articular cartilage surface were operated 
on in a veterinary hospital. All animals were lame, painful and with 
joint effusion. Pre-op physical examination and CT scanning of the 
affected joint was performed (Figure 1A & 1B). Arthrotomy allowed 
lesion exposure and positioning of the implant (Agili-CTM, CartiHeal, 
Israel) on the condyle or the humeral head (Figure 1C & 1D). Imme-
diate weight bearing was permitted, jumping and running was cur-
tailed for 12 weeks.
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Results: Recovery was uneventful. At 8-12 weeks post procedure 
none of the dogs were lame and displayed full range of motion. CT 
and MRI performed 12-18 months post implantation demonstrated 
implant degradation with full regeneration of the articular cartilage 
and its underlying subchondral bone (Figure 2).

 

Conclusion: Agili-CTM is a novel acellular implant. The current case 
series broadens the scope of treatable pathologies with this scaf-
fold towards a biological hemi-prosthesis replacing the entire hemi-
joint. Recovery is fast and imaging supports the regeneration of the 
entire cartilage and subchondral bone without the need for a metal/
plastic prosthetic replacement. 

P66
Treatment of Patellofemoral Cartilage Defects in the Knee by 
Autologous Matrix-Induced Chondrogenesis (AMIC)
A.A.M. Dhollander1, P. Vandekerckhove2, R. Verdonk1, P. Verdonk3, 
J. Victor1, K.F. Almqvist1  
1Ghent/Belgium, 2Bruges/Belgium, 3Antwerp/Belgium

Purpose: This study presents the prospective two-year clinical and 
MRI outcome of autologous matrix-induced chondrogenesis (AMIC) 
for the treatment of patellofemoral cartilage defects in the knee. 

Methods and Materials: The AMIC technique was used for the 
treatment of (osteo) chondral patellofemoral lesions in the knee. 
Ten patients were clinically prospectively evaluated during 2 years. 
MRI data were analysed based on the original MOCART (Magnetic 
Resonance Observation of Cartilage Repair Tissue) and modified 
MOCART scoring system. 

Results: A satisfying clinical improvement became apparent during 
the 24 months of follow-up. The MOCART scoring system revealed a 
slight tendency to deterioration between one and 2 years of follow-
up. However, the difference was not statistical significant. All cases 
showed subchondral lamina changes. The formation of intralesional 
osteophytes was observed in 3 of the 10 patients (30%) during the 
2 years of follow-up. 

Conclusion: AMIC is safe and feasible for the treatment of sympto-
matic patellofemoral cartilage defects and resulted in a clinical im-
provement. The favourable clinical outcome of the AMIC technique 
was not confirmed by the MRI findings. 

P67
Articular Surface Reconstruction With A Biomimetic 
Osteochondral Scaffold for Tibial Plateau Fractures: Results At 2 
Years Of Follow-Up
A. Di Martino, G. Filardo, F. Perdisa, A. Sessa, B. Di Matteo, 
M. Marcacci, E. Kon  
Bologna/Italy

Purpose: Post-traumatic and degenerative osteochondral defects 
of the proximal tibia are a main challenge in orthopaedics. In fact, 
this kind of injuries often leads to early secondary post-traumatic 
osteoarthritis in the long term, usually requiring metal resurfacing. 
Given the relatively young age of patients incurring in these lesions, 
surgical treatments should aim at restoring the articular surface to 
allow a correct joint functiony. This study evaluated at short-term of 
follow-up the implantation of an osteochondral biomimetic scaffold 
in patients affected by complex defects of the tibial plateau surface.

Methods and Materials: 11 patients (13 lesions) affected by post-
traumatic osteochondral lesion of the tibial plateau were enrolled 
and treated with the implantation of an osteochondral three-layer 
biomimetic scaffold. Patients were evaluated clinically up to 24 
months of follow-up by the International Documentation Committee 
(IKDC) scores and Tegner score.

Results: A statistically significant improvement of all clinical scores 
was obtained from basal evaluation to the final evaluation at 24 
months. The subjective IKDC improved from 42.5 ± 10.2 at basal 
evaluation to 68.4 ± 17.0 at 24 months of follow-up. Tegner score 
improves from 2.3 ± 2.1 pre-operative to 4.4 ± 1.9 at 24 months of 
follow-up. Three patients referred postoperative fever and swelling, 
that resolved within 1 month after surgery.

Conclusion: Encouraging results have been registered in the pre-
sent study, with a significant improvement of symptoms and func-
tionality at short term follow-up, thus delaying the need of joint re-
placement for these complex patients.

P68
MACT for patellar lesions: long-term results.
L. Andriolo, G. Filardo, A. Sessa, F. De Caro, S. Zaffagnini, M. Marcacci, 
E. Kon  
Bologna/Italy

Purpose: Cartilage lesions of the patella represent a very trouble-
some condition to treat for orthopaedic surgeons; however, Matrix-
assisted Autologous Chondrocyte Transplantation (MACT) seems 
to offer an interesting treatment option with satisfactory results 
at medium term follow-up. In this investigation, the authors report 
the long-term efficacy of a hyaluronan-based scaffold, seeded with 
autologous chondrocytes, in treating full-thickness defects of the 
patella.

Methods and Materials: We evaluated at a mean of 10 years’ follow-
up 21 patients with full-thickness cartilage lesion of the patella. The 
mean age of the patients was 28.9±9.9 years, 11 of them were female 
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and 10 male. The mean size was 2.7±0.8 cm2. 15 patients had de-
generative etiology, 5 had previous trauma and 1 lesion was due 
to Osteochondritis Dissecans. The long-term clinical outcome were 
evaluated using the IKDC 2000 subjective, EuroQol VAS, Kujala and 
Tegner scores at a mean of 10 years’ follow-up (9-11 years). 

Results: All the scores used demonstrated a statistically signifi-
cant improvement (p < 0.05) at the last follow up. Mean subjective 
scores improved from 37.9±13.9 points preoperatively to 74.6±21.3 
points at 10 years’ follow-up. Tegner score improved from 1.7±1.2 to 
3.8±1.7, and EQ VAS from 58.6±17.8 to 78.3±15.5. Women obtained 
significant lower subjective results respect to men (62.6±22.0 and 
87.8±10.0, respectively, p < 0.05). Two patients failed, being reope-
rated at index lesion, and both were women.

Conclusion: Hyaluronan-based scaffold seeded with autologous 
chondrocytes can be a viable treatment for patellar chondral lesi-
ons, with good results stable over time also at long-term follow-up. 
Patellar lesions are a common injury between women, but results of 
MACT in women are lower than in men.

P69
Treatment of avascular necrosis of femoral condyles with 
Biomimetic osteochondral scaffold
M. Berruto, P. Ferrua, F.M. Uboldi, S. Pasqualotto, E. Usellini  
Milan/Italy

Purpose: The purpose of the study is to assess the reliability of a 
biomimetic osteochondral scaffold Maioregen (Finceramica Faenza 
SpA, Faenza, Italt) as a salvage and joint-preserving procedure in 
the treatment of late stages of osteonecrosis of the knee.

Methods and Materials: Nine active patients aged under 65 year 
presenting with clinical and radiological signs of SPONK were tre-
ated with a biomimetic osteochondral scaffold Maioregen (Fincera-
mica Faenza SpA, Faenza, Italy). All patients were clinically evalua-
ted preoperatively and yearly with a minimum follow-up of 2 years. 
Subjective IKDC and Lysholm Knee Scale were used to assess clini-
cal outcome. Pre-operative and post-operative pain was quantified 
with VAS scale. Activity level were evaluated pre-operatively and at 
follow-up according to Tegner Activity Scale.

Results: Subjective IKDC (35 ± 14.5 to 75.7 ± 20) and Lysholm Knee 
Scale (49.7 ± 17.9 to 86.6 ± 12.7) significantly improved from pre-
operative evaluation (p < .01). VAS decreased from a mean pre-
operative value of 6.3 ± 2.5 to 1.6 ± 2.7 at 2 years follow-up. Tegner 
Activity Scale doesn’t show significant differences between pre-
operative values and those obtained at two-year follow up. Two of 
nine patients returned to be symptomatic after 18 months from the 
implants and progressed to condylar collapse, despite the joint-pre-
serving treatment, and underwent a total knee arthroplasty.

Conclusion: Biomimetic scaffold can be a valid option in surgical 
treatment of SPONK in young active patients. Use of this surgical 
technique, originally developed for OCD, gives good clinical results 
at a mid-term follow up also in treatment of osteonecrosis and could 
postpone or even spare joint replacement procedures.

P70
Treatment of osteochondral lesion of the knee with Maioregen® 
biomimetic osteochondral scaffold: 5 years follow up results
M. Berruto1, F.M. Uboldi1, P. Ferrua1, S. Pasqualotto1, E. Usellini1, 
P. Zedde2  
1Milan/Italy, 2Sassari/Italy

Purpose: Osteochondral lesions of the knee are relatively common 
both in young and senior population. The very disabling clinical 
symptoms, in association to the scarce regenerative capacity of the 
articular cartilage and the increased risk of developing a secondary 
osteoarthritis make an effective treatment mandatory.

Methods and Materials: From December 2008 to January 2013, 34 
patients (35 knees), 24 males and 10 females (mean age 36.2 years 
range 14-66) underwent implant of Maioregen® (Finceramica Faenza 
S.P.A, Italy) biomimetic tri-layer osteochondral scaffold. In 17 cases 

the osteochondral lesion was cause by an osteochondritis disse-
cans (acute or sequela), in 13 cases by a spontaneous osteonecrosis 
and in 4 cases the etiology was traumatic. Patients were evaluated 
with subjective IKDC and Tegner Lysholm scores, VAS and Tegner 
Activity Scale before surgery and at regular follow up (mean follow 
up 38.4 months, range 13 months max 63 months).

Results: Both Lysholm and IKDC Subjective scores significantly in-
creased from 57.5 and 48.2 before surgery to 89.7 and 76.3 at 1 year 
follow up. Mean VAS scale score decreased from 6.3 to 2 at 1 year 
follow up. At 3 years follow up 20 evaluated patients showed an in-
crement on both scales (Lysholm 92.38, IKDC 84.7). Only 4 patients 
were evaluated at 5 years follow up with mean subjective IKDC 92.5, 
Lysholm 98.75 and VAS 1. 

Conclusion: Maioregen® biomimetic osteochondral scaffold showed 
very good results as surgical treatment option in treating ICRS gra-
de 3-4 osteochondral lesions whatever the etiology. In particular, 
the implant showed good results also in treatment of osteonecrosis 
and could provide an alternative to unicompartimental arthroplasty 
in young and active patients.

P71
Osteochondral scaffold reconstruction for complex knee lesions
B. Di Matteo, G. Filardo, A. Di Martino, F. Perdisa, S. Patella, M. Marcacci, 
E. Kon  
Bologna/Italy

Purpose: Aim of the present study is to evaluate the results obtained 
in challenging knee lesions with the implant of an osteochondral bi-
omimetic scaffold and concomitant treatment of all comorbidities 
(i.e. axial misalignment and meniscal tissue loss).

Methods and Materials: Patients affected by complex lesions of the 
knee articular surface were included. “Complex cases” were defined 
according to the presence of at least one of the following inclusion 
criteria: 1) previous clinical history of intra-articular fracture 2)lesion 
located at the tibial plateau 3) concurrent knee axial realignment 
procedure 4)concurrent meniscal scaffold or allograft implantation, 
5) multiple articular surface lesions treated. Thirty-three patients 
(24 men and 9 women, mean age: 39.5 yy, mean lesion size: 4,5 
cm2) were treated by the implantation of a novel osteochondral bi-
omimetic scaffold. Patients were prospectively evaluated up to 48 
months of follow-up using the following items: IKDC subjective, 
IKDC objective and Tegner Score. Failures and adverse events were 
also recorded.

Results: Two patients complained of extension and flexion lag due 
to partial detachment and hypertrophy of the scaffold, and there-
fore an arthroscopic regularization was performed. With regard 
to clinical outcome, IKDC subjective score improved significantly 
from pre-operative (40.4±14.1) to 12 months’ follow-up (69.6±17.0) 
(p<0.0005) with a further improvement at the 24 months’ evaluation 
(75.5±15.0; p=0.038). Stable results were then documented up to 
the final 48 months’ evaluation (71.8±20.3; p= n.s.). Return to sport 
practice, evaluated by Tegner score, revealed a significant rise from 
the pre-operative level (1.9±1.9) to 12 months’ follow-up (4.0±1.8; 
p<0.0005) with stable results up to the final evaluation (4.6±2.1; 
p=n.s). 

Conclusion: A regenerative procedure to address the entire oste-
ochondral unit, together with the treatment of all comorbidities, 
might offer good results also in complex cases otherwise doomed 
to non-biological resurfacing. Further studies are needed to under-
stand the efficacy of this biological reconstruction at long-term eva-
luation.

P72
Two-year results after treatment of large cartilage defects of the 
knee with a cell-free three-dimensional collagen type I scaffold
P.P. Roessler1, B. Pfister2, C. Colcuc2, T. Efe2  
1Bonn/Germany, 2Marburg/Germany

Purpose: Although there are various new scaffold-based techniques 
for cartilage regeneration it remains unclear up to which defect size 
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they can be used. The present study reports a new cell-free collagen 
type I gel for the treatment of large chondral and osteochondral de-
fects in the knee after a two-year follow-up.

Methods and Materials: Twentytwo patients with a mean cartila-
ge defect size of 4.04 cm2 (range 2.00 to 9.00) were treated with a 
cell-free collagen type I gel matrix CaReS-1S® (Arthro Kinetics) via a 
mini-arthrotomy. All grafts were implanted into the debrided carti-
lage defect via a mini-arthrotomy. Clinical outcome was assessed 
preoperatively and 6 weeks as well as 6, 12 and 24 months after 
surgery using various clinical outcome scores (IKDC, Tegner, KOOS, 
VAS). Cartilage regeneration was evaluated via MRI using the MO-
CART score.

Results: Fifteen male and seven female patients were included in 
this study, with a mean age of 35 years. No perioperative complica-
tions were reported. Significant pain reduction (VAS) could be noted 
after 6 weeks already. Patient activity (IKDC, Tegner) could be signi-
ficantly improved from 12 months on and nearly reached reported 
preoperative values. All subject categories of the KOOS except for 
symptom (swelling) showed significant imporvements throughout 
the study. Constant significant improvements of the mean MOCART 
score were observed from 12 months on. MR images did not yield 
any signs of infection or synovitis. After 24 months a complete de-
fect filling could be noted in 20 out of 22 cases with a mainly smooth 
surface, complete integration of the border zone and homogenous 
structure of the repaired tissue.

Conclusion: The present study demonstrates the valuable possibi-
lity of treating even large cartilage defects of the knee with CaReS-
1S® cell-free three-dimensional collagen type I scaffolds. Contenting 
clinical and imaging results could be obtained with this procedure.

P73
Characterization of cross-linked hyaluronic acid scaffolds ex vivo 
and in vivo
C. Bauer1, H. Zwickl1, R.R. Baumgartner2, F. Halbwirth1, E. Niculescu-
Morzsa1, D. Kern1, S. Nehrer1  
1Krems/Austria, 2Leobendorf/Austria

Purpose: In this study we examined the effects of a porous three-
dimensional scaffold of cross-linked hyaluronic acid on the expres-
sion and synthesis performance of human osteoarthritic chondro-
cytes in vitro. After the positive in vitro results the scaffold was used 
in an animal study with female NZW rabbits.

Methods and Materials: For the in vitro study human articular car-
tilage was obtained from osteoarthritic patients subjected to total 
knee arthroplasty. Cells were isolated, expanded and seeded onto 
the scaffold. After a 3 week cultivation period the metabolic activity, 
quantification of DNA as well as the gene expression and synthesis 
of sulphated glycosaminoglycans were analyzed. In addition elec-
tron microscope images were made. For the animal study 18 ani-
mals were divided into 3 groups (untreated, hyaluronan gel alone 
and scaffold in combination with gel) and observed after 4 and 12 
weeks. At the end of each period macroscopic and histopathological 
findings as well as the synovial smear were analyzed.

Results: Within the scaffold, cells are arranged individually or in 
small cell clusters and the distribution was homogenous. Although 
DNA quantification indicated only partial loss of cells most probab-
ly due to matrix degradation, while the metabolic activity decrea-
sed dramatically. Analysis of gene expression and sGAG synthesis 
substantiated this hypothesis as both chondrocyte specific gene 
expression and sGAG synthesis were increased and the differenti-
ation index was clearly improved. In the animal study, macroscopic 
findings varied greatly during 4 weeks, while 12 weeks after the im-
plantation the results were more homogenous and nearby a normal 
regeneration was visible. The O’Driscoll score for histopathological 
findings showed a slightly better result at the end of 12 weeks for 
the scaffold in combination with gel.

Conclusion: These results suggest that the investigated material 
enhanced the chondrogenic phenotype and has the potential to 
induce the formation of hyaline repair cartilage when used in treat-
ment of cartilage defects.

P74
Clinical Efficacy of an Aragonite-hyaluronate Biphasic Implant in 
the Treatment of Focal Chondral and Osteochondral Defects of 
the Knee
E. Kon1, A.S. Levy2, K.R. Zaslav3, O. Dulic4, J.-.M.M. Patrascu5, 
D. Robinson6  
1Bologna/Italy, 2Millburn/United States of America, 3Richmond/
United States of America, 4Belgrade/Serbia and Montenegro, 
5Timisoara/Romania, 6Kfar Saba/Israel

Purpose: Agili-C™ is a novel biphasic aragonite-hyaluronate imp-
lant shown to regenerate hyaline cartilage and subchondral bone in 
a goat model. The current study evaluates the use of this implant in 
humans with a low baseline KOOS Pain score. 

Methods and Materials: 25 patients (18M/7F), mean age 34, with 
distal femur cartilage or osteochondral defects were implanted with 
a single or double aragonite-hyaluronate implant (Agili-CTM, CartiHe-
al, Israel). Defect size averaged 2.5 cm2. Implantations using Agili-
KitTM surgical tools were via a mini-arthrotomy approach. Follow up 
included clinical evaluations such as KOOS subscales and VAS as 
well as MRI and X-ray at 3, 6, 9, 12 and 18 months post implantation.

Results: Significant pain reduction was reported 3 months post 
procedure, with VAS improving from 4.2 at baseline (BL) to 1.6 (t-
test, p<0.001) and KOOS Pain Subscale (KPS) improving from 52±8 
at BL to 73±12 (p<0.001). At 18 months VAS improved to 1.2 while 
KPS increased to 87±13.6 (p<0.001), KOOS Symptoms increased 
from 57±15 at BL to 83±17.5 (p<0.001), KOOS ADL increased from 
62.9±12.9 at BL to 93.3±9.3 (p<0.001), KOOS Sport increased from 
29.2±15 at BL to 72.1±25 (p<0.001) and KOOS QOL increased from 
29.3±14.3 at BL to 62.8±29 (p<0.001). Functional improvement was 
found to be strongly correlated to defect fill on MRI (Figure 1).

 

Conclusion: The Agili-CTM implant replaces the entire osteochondral 
unit - the cartilage and its underlying subchondral bone, with simul-
taneous regeneration of both tissues, as demonstrated by MRI and 
X-ray. Significant pain reduction was evident early after the implan-
tation. Agili-CTM was shown to improve function and diminish pain 18 
months post implantation.

P75
Use of a biomimetic scaffold for the treatment of osteochondral 
lesions in 26 patients with early osteoarthritis
V. Condello, V. Madonna, D. Screpis, G. Piovan, C. Zorzi  
Negrar/Italy

Purpose: The aim of the prospective clinical investigation is to as-
sess the effectiveness and safety of a biomimetic scaffold for the 
treatment of large osteochondral knee lesions in patient with early 
OA.
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Methods and Materials: Our study population is composed of pa-
tients affected by early osteoarthritis. The inclusion criteria, accor-
ding to the criteria defined by Luyten FP et al. (KSSTA 2011), are: 

Knee pain: at least two episodes of pain for more than 10 days in 
the last year.

Kellgren-Lawrence grade 0 or I or II (osteophytes only).

Arthroscopic findings of cartilage lesions.

From 2009 to 2011, twenty-six patients (18 males and 8 females; 
mean age: 43 years; 15 right knee and 11 left knee) affected by ear-
ly OA, had undergone surgery for osteochondral reconstruction. 19 
patients have had, at least, one previous surgery, All patients have 
been treated with an osteochondral scaffold (Maioregen). The cli-
nical outcome was evaluated using the IKDC, Lysholm, VAS, KOOS 
and Tegner scores at baseline visit and at follow-up visit; average FU 
2.9 yrs (from 1.8yrs to 4.2yrs). Magnetic resonance imaging (MRI) 
was performed at follow-up time. 

Results: Good clinical outcomes in terms of functionality and pain 
relief and a statistically significant improvement have been obser-
ved in 3 out of 4 scores at follow-up as compared to preoperative 
results. VAS score has improved by 32.5 points (p-value=0.0001); 
Lysholm score by 34.65 points (p-value=0.0000); IKDC score by 
22.41 points (p-value=0.0002) and KOOS score by 11.58 points (p-
value=0.0007). Adverse events: 7 early post-operative symptoms 
(fever, hemarthrosis, pain) and 4 joint stiffness. Preliminary MRI 
data showed a good integration of the scaffold, but only a partial re-
generation of the subchondral bone. No correlation between clinical 
evaluation and radiological images was found at 3 years follow-up

Conclusion: These results showed the potentiality and safety of Ma-
ioRegen for the treatment of osteochondral lesions in patients with 
early OA. 

P76
Comparison of Cartilage Evaluation Techniques in a Goat Model
E. Kon1, D. Robinson2, J. Shani3, A. Avner3, A.S. Levy4, K.R. Zaslav5, 
N. Altschuler2  
1Bologna/Italy, 2Kfar Saba/Israel, 3Beit Berl/Israel, 4Millburn/
United States of America, 5Richmond/United States of America

Purpose: Histology is the gold standard for evaluating cartilage re-
generation. Due to its invasive and often destructive nature, surro-
gate methods allowing in-vivo assessment of cartilage repair are of-
ten required. The purpose of this study was to compare histological 
findings to alternative techniques, in an osteochondral defect goat 
model implanted with an aragonite-hyaluronate biphasic implant.

Methods and Materials: A 6 by 10 mm critical size defect was created 
in the medial femoral condyle of 20 mature Saanen goats. In 14 goats 
an aragonite-hyaluronate implant (Agili-CTM, CartiHeal, Israel) was im-
planted in the defect, while in 6 goats the defect remained empty to 
serve as control. Ten goats were sacrificed after 6 months and the other 
ten were sacrificed after 12 months. At the two time points the following 
blinded assessments were performed: A. Macroscopic evaluation using 
the ‘ICRS Macroscopic Cartilage Assessment Score’ (IMCAS) B. Ultra-
sonic (US) evaluation using IMCAS C. MRI evaluation (Figure 1) using 
a modified MOCART and D. Histological and immunohistochemistry 
evaluation using a combination of ICRS II and O’Driscoll et al (Figure 2).

 

Results: Histological results were highly correlated with macrosco-
pic evaluation (r=0.84, p<0.003) and MRI evaluation (r=0.78, 
p<0.008), however there was a low correlation to US evaluation 
(r=0.5, p>0.14). 

Conclusion: Macroscopic evaluation had the highest correlation to 
histological findings; however this method has a substantial draw-
back due to the need for second look surgical intervention. The 
correlation of MRI findings was also high, although less than ma-
croscopic evaluation. US evaluation was found to be non-correlated 
to histology and therefore not recommended for in vivo evaluation 
of cartilage repair. Due to the limitations of macroscopic evaluation 
this study supports the use of MRI as an efficient tool for assess-
ment of cartilage repair in vivo. 

P77
AMIC Chondrogide + Icepicking Versus Icepicking Only In 
Treatment Of Acetabular Cartilage Lesions In Cam-Type FAI.
J.F.A. Somers  
Ypres/Belgium

Purpose: Clinical study of arthroscopic Autologeous Membrane In-
duced Osteogenesis using Chondrogide Select in the treatment of 
acetabular cartilage lesions in cam-type Femoro-Acetabular Impin-
gement (FAI).

Methods and Materials: In 2012 we performed the AMIC procedure 
with Chondrogide membrane in 16 consecutive patients that were 
prospectively recruited (groupA). There were 13 males and 3 fe-
males with average age of 34 years (range 20-48) and with aceta-
bular rim lesion 150-450 mm2 and Tönnis grade <2. All patients had 
cam type FAI only for which arthroscopic femoroplasty was perfor-
med. Average cartilage defect size was 298 mm2 (range 200-425). 
A matched cohort were only icepicking had been used was created 
from our database as a control group (B). This group consisted of 
16 patients (13 male and 3 female), average age 36 years (range 
24-49), with average defect size 267 mm2 (range 150-450). Patients 
with symptomatic joint effusion received IA hyaluronic acid (HA) in 
the postoperative period.

Results: There were no complications or adverse events in either 
group. Average FU for groupA was 18 months, for groupB 41 months. 
Group A had a tendency for a larger cartilage defect size. There was 
one conversion to THR in AMIC-group versus 3 in control group. 
Three patients received an average of 2 (1-3) IA injections with HA 
in groupA; 10 patients received an average of 3 (2-6) (p=0.002) in-
jections in groupB. In group A 7/16 returned to competitive sports, 
in group B 2/16. UCLA score was 9/10 (7-10) and 10 (7-9), WOMAC 
94/100 and 97/100 HHS 94/100 and 9/100 for group A and B. HHS 
and UCLA showed statistical improvement pre- to postop (p<0.01).

Conclusion: The arthroscopic AMIC procedure with Chondrogide is 
safe and usefull in the treatment of medium to large cartilage de-
fects in patients with cam-type FAI. Clinical results are excellent 
and postoperative recovery is enhanced and return to competitive 
sports more likely compared to icepicking only.
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P78
Arthroscopic treatment of OCD with using hyaluronic acid based 
cell-free scaffold and concentration of autologous bone marrow 
aspirate
M. Bozkurt, M. Akkaya, S. Gursoy, C. Isik  
Ankara/Turkey

Purpose: We aimed to evaluate the early clinical and radiological 
outcomes of arthroscopic one-stage treatment with cell-free hyla-
nuronic acid based scaffold in combination with consantration of 
autologous bone marrow aspirate technique in knee and ankle joint 
osteochondral defects (OCD).

Methods and Materials: 18 patients were enrolled with ankle and 
knee joint OCD(10 ankle joint, 8 knee joint)repaired using the ar-
throscopic one-stage treatment by autologous bone marrow aspirate 
consantration,BMAC®(Harvest Terumo, Plymouth-USA),in combina-
tion with cell-free hyaluronic acide based scaffold,Hyalofast®(Anika 
Therapeutics Inc.,Bedford-USA).Mean age was 28.8 years(17-45) 
and mean BMI was 24.2(19-29).Mean defect size was 1.3 cm2(1.1-2 
cm2) in ankle joint defects, 3.7 cm2 (2.4-3.9 cm2) in knee joint de-
fects.İn each patient,microfracture application by using Nanofx® 
(Arthrosurface Inc.,Franklin,Massachusetts) device was carried 
out.BMAC was injected upon hyalofast which was cut as measured 
defect size.Than scaffold was applied to the defective area.Every 
patient was included in an accelarated rehabilitation programme.
AOFAS and VAS scoring for ankle joint,IKDC scoring for knee joint 
was used for the clinical evaluation.6 months after surgery patients 
were evaluated using 3 tesla MR imaging and 15-channel transmit 
knee coil.

 

Application of the combination of hyaluronic acid based cell-free 
scaffold Cartilage debridement(a),Microfracture application by 
using Nanofx®(b),Application of the scaffold(c).

 

Preparation of concentration of autologous bone marrow aspirate 
Bone marrow aspiration procedure(a),Prepation of hyaluronic acid 
based cell-free scaffold(b). 

Results: Mean IKDC score was 35,6 preoperatively and 63,9 6 
months after the surgery in knee joint defects.Mean AOFAS score 
was 43,1 preoperatively and was 81,7 6 months after surgery which 
was a perfect finding.Repaired cartilages were inhomogeneous 
and hyperintense on PDW, T2W and T2 map images.Also,dGEMRIC 
images were useful for evaluation of surface/structure/integration 
of the repair.

Conclusion: Arthroscopic one-stage hyalofast application in com-
bination with autologous BMAC technique in grade III-IV chondral 
defects is beneficial in providing rapid and accurate regenaration, 
especially considering its single stage superiority. Long term follow 
up is needed.

P79
Functional and MRI Outcomes at 4 years follow up of Knee 
Osteochondritis Dissecans Treated with a Biomimetic 
Osteochondral Scaffold
M. Delcogliano1, M. Berruto2, A. Menghi1, G. Carimati2, F.M. Uboldi2, 
S. Pasqualotto2, A. Speziali1, G. Cerulli1  
1Rome/Italy, 2Milan/Italy

Purpose: Articular cartilage defects caused by OCD pose a challen-
ging problem for the patient and orthopedic. Unstable lesions must 
be treated surgically to re-establish the joint surface. Autologous 
cartilage implantation have demonstrated good clinical results but 
there are promising new technologies on the horizon that may red-
uce the need for multiple procedures while providing an equivalent 
clinical result. The objective of this clinical study was to test safety 
and performance of a biomimetic scaffold which reproduces cartila-
ge-subchondral bone morphology. 

Methods and Materials: Twenty-three consecutive patients who 
were affected by symptomatic knee OCD of the femoral condyles 
(average defect size 3.5 ± 2.2 cm2), grade 4 on the ICRS scale, were 
enrolled and treated with the implantation of the scaffold. Patients 
were prospectively evaluated by subjective and objective IKDC and 
Tegner scores preoperatively and at 1, 2 and then at every year fol-
low-up. An MRI was also performed every follow up.

Results: A statistically significant improvement in all clinical scores 
was obtained at 1 year follow up. A further improvement was found 
the following year and confirmed at 3 and 4-year follow-up. The 
mean IKDC subjective score increased significantly from 50.9±20.6 
preoperatively to 80.6±17.0 at 4-year follow-up (P < .001). Tegner 
scores increased (P < .001) from the preoperative value (2.3±0.6) to 
the 4-year follow-up (5.6±1.7) without achieving preinjury level. The 
MRI findings at 4 years follow up showed a normalization of the hy-
perintensive signal of the regenerated sibchondral bone observed 
at previous follow up in all patients. However, in 25% of patients 
subchondral bone changes (cists, edema) have been observed at 
final follow up.

Conclusion: The study findings indicate that the biomimetic scaf-
fold that was investigated is an off-the-shelf, cell-free, and cost- ef-
fective implant that can regenerate either cartilage or subchondral 
bone. The scaffold allows a 1-step surgical procedure that can be 
used for OCD lesions.
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P80
Autologous chondroctes implanted on Maioregen membrane for 
the treatment of chronic osteochondral lesions in the knee
M. Drobnič, D. Martinčič, K. Stražar, D. Radosavljevic  
Ljubljana/Slovenia

Purpose: Three intra-operative autologous chondrocyte (AC) see-
ding regimes on Maioregen membrane (dry membrane, membrane 
soaked with culture media, membrane soaked with blood) were 
used consecutively for the treatment of chronic osteochondral (OC) 
lesions in the knee.

Methods and Materials: Eighteen patients, 32 years (18-49), were 
treated with one of the combinations above. 600 ml of AC suspen-
sion (containing 8.8 million cells on average) was delivered at the 
day of implantation. OC lesion, 4.2 cm2 (2.5-6.2) was first debrided 
and covered with Maioregen membrane sealed with fibrin glue. AC 
suspension was then injected into the upper layer of the membrane 
at distances of 2-3 mm. First five patients received AC suspension 
on a dry membrane, another six received AC on a membrane soaked 
with cell culture medium, and the last seven patients received AC on 
a membrane that was first soaked with blood by tourniquet release.

Results: Three out of five patients in the “dry-membrane group” 
required revision surgery: 2 early for severe synovitis with arthro-
fibrosis, and 1 late for graft failure. Five out of six patients in the 
“culture media + membrane” group required revision surgery: 4 
early due to severe synovitis and arthrofibrosis, and 1 due to HTO 
infection. None of seven patients in the “blood + membrane” sub-
group required revision surgery. The revised patients suboptimally 
improved their knee condition after repetitive surgery. However, all 
except one (graft failure) reported better knee function than before 
AC+Maioregen implantation (KOOS pre-op 67 (51-75); KOOS at one 
year 85 (72-91).

Conclusion: Intra-operative seeding of AC suspension on either dry 
or wet membrane resulted in an increased risk of post-operative 
synovitis and arthrofibrosis. When AC were seeded on a blood so-
aked membrane, these side-effects had perished. Blood clotting 
elements and basophilic milieu of fresh blood seem to be a prere-
quisite for early stability of Maioregen membrane.

P81
A novel polycarbonate-urethane meniscus implant for the 
treatment of middle-aged patients: Results of 27 patients in Italy
V. Condello1, D. Screpis1, M. Bigon1, E. Nocco2, J.J. Elsner2, N. Shabshin3, 
E. Linder-Ganz2, C. Zorzi1  
1Negrar/Italy, 2Netanya/Israel, 3Zeriffin/Israel

Purpose: The purpose of this study was to evaluate patient reported 
outcomes and post-operative MRI findings following the implanta-
tion of a polycarbonate-urethane meniscus implant for the treat-
ment of medial pain in middle-aged patients. The medial meniscus 
implant was recently developed for the treatment of middle-aged 
patients with post-meniscectomy pain that is associated with joint 
overloading. Previous work had shown the implant’s ability to redis-
tribute medial loads, and our study hypothesis was that this would 
result in pain relief.

Methods and Materials: Twenty-seven patients were treated with 
the implant after reporting medial knee pain that was either asso-
ciated with a severely degenerated meniscus (44%) or post-menis-
cectomy (56%). Patients with evidence of grade-IV (Outerbridge) 
medial cartilage loss or instability were excluded. The primary clini-
cal outcome was measured by KOOS scale over 24 months, with se-
condary outcomes measured by IKDC and VAS-pain questionnaires. 
Serial MRI’s were taken at 1.5, 12, and 24 months to evaluate the 
joint condition

Results: Study subjects reported a good improvement, 24-months 
post-implantation, as reflected by 53% increase of KOOS-Overall 
(p<0.05). KOOS-Pain and Pain-VAS improved by 53% and 70%, re-
spectively (p<0.05). Activity, Sport, and Quality-of-Life KOOS scores 
increased by 41%, 130%, and 91%, respectively (p<0.05). The sym-
ptoms subscale showed a non-significant 20% increase. The MR-
findings were also encouraging, with no signs of cartilage deteriora-
tion in the majority of patients. Main complications so far includes 
four cases of device damage, one case of dislocation due to insuffi-
cient removal of the posterior meniscal horn, one infection, and one 
patient who requested to remove the device due to persistent pain.

Conclusion: Patient-reported outcomes have confirmed that a de-
vice which restores the pressure distribution within the knee com-
partment aleviates pain and restores the functionality of the joint. 
Based on the complications reported herein, a new, improved ge-
neration device was developed. It will be tested in a subsequent 
randomized trial.

P82
Comparison of multilayer biomimetic scaffold, chondral scaffold 
and microfracture methods full thickness osteochondral knee 
lesion
K. Solak1, I. Yucel2, Z.O. Karaduman3, M.M. Orak2, K.E. Ozturan4  
1Mus/Turkey, 2Istanbul/Turkey, 3Duzce/Turkey, 4Bolu/Turkey

Purpose: The aim of the study was to compare the results of biomi-
metic scaffold, chondral scaffold and microfracture in the treatment 
of ostochondral defects which are created experimentally in the 
knees of the rats.

Methods and Materials: In this experiment, total 46 female Wistar al-
bino rats were used. The distribution of the groups were as follows; 
12 rats for biomimetic scaffold method, 10 rats for chondral scaffold 
method, 10 rats for microfracture method and 14 rats as the control 
group. Cylindrical full thickness osteochondral defects 2,5 mm in dia-
meter and 2 mm in depth were created with a drill on the right knees of 
the rats. The knees of all the rats were operated again after 4 weeks. 
Biomimetic scaffold method was applied in the first group. Chondral 
scaffold method was applied after microfracture process in the second 
group. No treatment was applied in the control group. At the end of the 
sixth weeks, all rats were sacrificed and the obtained specimens were 
taken for macroscopic and histopathologic examinations.

Results: There was a statistically significent difference between 
macroscopic and histopathologic results of the biomimetic scaffold 
method treatment group compared to the other treatment groups 
(p<0.05). We also found that the results of the chondral scaffold 
group was superior to the results of the microfracture group,similarly 
the results of the microfracture group was superior to the results of 
the control group quantitatively, but there was no statistically diffe-
rence between these groups (p>0.05, p<0.05;respectively).
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Conclusion: The results of nano composite multilayer biomimetic 
scaffold in the treatment of osteochondral lesions were found better 
than the results of chondral scaffold and microfracture treatments. 
We are in the opinion that in the treatment of osteochondral lesions, 
treatment of subchondral bone tissue must be taken into conside-
ration.

P83
Correlation of Traditional and Novel Outcome Measures for the 
Assessment of Regenerated Osteochondral Tissue in a Sheep 
Model
J. Schagemann1, N. Rudert1, S. Sim2, E. Quenneville3, M. Garon3, 
M.E. Casper4, M. Klinger1, M.D. Buschmann2, H. Mittelstaedt1  
1Lubeck/Germany, 2Montreal/Canada, 3Laval/Canada, 4Rochester/
United States of America

Purpose: To demonstrate the ability of a non-destructive electrome-
chanical method (Arthro-BST) in assessing the quality of regenera-
ted osteochondral tissue in a sheep model.

Methods and Materials: Fresh osteochondral defects (W=6, L=20, 
D=5 mm) in the weight-bearing area of left medial femoral condyles 
(L-MFC) were created in 10 female sheep (3-6 y-o, 62-84 kg). Ani-
mals were randomly assigned to one of two treatment groups: 1) a 
composite of Chondro-Gide and Orthoss and 2) a custom-designed 
bilayer implant made of a nanofibrous PCL electrospun on a ma-
croporous PCL. Arthro-BST mappings (Biomomentum, Laval) were 
performed ex vivo on all L-MFC and contralateral FC. Its quantitative 
parameter (QP) is inversely related to electromechanical proper-
ties. Biopsies from all L-MFC and untreated surfaces were analyzed 
for histology, and sGAG and dsDNA content. All statistics were ex-
pressed as means ± SE.

Results: For both treatments, QP values, dsDNA and sGAG conten-
ts measured at the repair sites were statistically lower than those 
obtained for the contralateral surface. For group 1, QP–QPRef was 
-1.50±0.39 (n=266) demonstrating better regeneration than group 
2 (-2.62±0.33; n=255). However, this regeneration was not signifi-
cantly different (p=0.14). These findings were supported by high-
er dsDNA (247±59 ug/ml) and sGAG/weight (dw 1.41±0.43 / ww 
6.47±2.79 ng/mg) levels in group 1 compared to dsDNA (179±59 
ug/ml) and sGAG/weight (dw 0.46±0.43 / ww 1.95±2.79 ng/mg) in 
group 2, which lack significant difference (p>0.05). For both treat-
ments, Arthro-BST revealed early signs of degeneration of the carti-
lage boardering the repair site on the L-MFC (Fig.1), where QP–QPRef 
was 1.55±0.20 (n=922) for group 1 and 2.08±0.20 (n=963) for group 
2.

 

Conclusion: The performance of Arthro-BST for the assessment of 
cartilage repair techniques in an animal model was highlighted. Its 
findings were supported by traditional outcome measures. No sta-
tistical differences were observed in the quality of the regenerated 
cartilage among treatments and both resulted in an incomplete re-
generation.

P84
Detection and Characterization of Local Interfacial Mechanics in 
a Cartilage Defect Repair Model
D. Griffin1, A.M. Meppelink2, M. Randolph2, I. Cohen1, L. Bonassar1  
1Ithaca/United States of America, 2Boston/United States of America

Purpose: The lack of lateral anchorage and integration of repair or 
graft tissue is more susceptible to mechanical failure that could lead 
to poor prognosis. Recently, our lab has developed a novel system 
for measuring the microscale mechanics of native and repaired on 
the length scale of 20µm [4]. This approach could provide new infor-
mation of the mechanical environment at the interface of repaired 
and host native cartilage. The objective of this study was to detect 
and characterize the local interfacial mechanics in a murine cartila-
ge defect repair model.

Methods and Materials: Chondrons formed over 14 days were 
placed in a cartilage disk with 6mm cylindrical hole in middle. Disks 
were implanted subcutaneously in female nude mice and harvested 
at 6 weeks. Rings were cut into ~2mm cubes (Fig. 1B) and were 
prepared for confocal reflectance microscopy and confocal strain 
mapping(Fig. 1C). Localized strains were measured using particle 
image velocimetry (PIV) as described previously[5]. Shear deforma-
tion was induced by displacing the moveable plate in the direction 
parallel to the articular surface at 1% shear strain.

 

Results: Shear strain applied parallel to the AC direction, was found 
to induce two modes of deformation, sliding(γxy) and peeling(εyy)
(Fig 2). Vector maps and plots of γxy and εyy exhibited large strains 
at the interface. |γxy| were lower near the AC, and higher in deeper 
depths. |εyy| were higher near the AC and remained consistently 
high at deep zone.

 

Conclusion: There was minimal sliding at the surface, where tissue 
appeared to be well integrated. Contrary, significant sliding occur-
red in deeper depths along the interface. Additionally, there was a 
high degree of peeling along the interface, which could infer a new 
probable delaminating mechanism. These results shed more light 
on the mechanical properties for strategic engineered constructs to 
withstand physiological loads and promote integration in cartilage 
repair.
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P85
Opening Wedge High Tibial Osteotomy using a novel Low Profile 
Compression Plate & Bone Substitute Wedge
T. Pylawka1, M. Mastocola2, J. Farr3, A.H. Gomoll2  
1Quincy/United States of America, 2Boston/United States of America, 
3Indianapolis/United States of America

Purpose: The purpose of this study was to evaluate the compressi-
on obtained using the SBM low profile NEOTIS plate and a NEOTIS 
β-Tricalcium Phosphate wedge (fig 1) for high tibial osteotomies 
with the proposition that earlier weight bearing can begin if the NE-
OTIS wedge is utilized in an HTO surgery. Evaluation of the NEOTIS 
plate was completed both in sawbones and cadaveric models to de-
termine its ability to function as compressive plate.

 

Methods and Materials: A high tibial osteotomy was completed in 
six saw bone and six human specimens. Cadaveric knees had all tis-
sue removed except : ACL, PCL, menisci, posterior lateral complex. 
A bioabsorbable, biplanar wedge implant composed of β-Tricalcium 
Phosphate (β-TCP) was inserted with the correct AP orientation 
with a Tekscan pressure sensor film placed below. The compressi-
on force and contact area produced by the plate was measured by 
the pressure film. Samples were placed in full extension and final 
load of 700 N was applied with contact area and compression force 
measured.

Results: The compression induced by human tibias on NEOTIS os-
teotomy wedges (21.2 N ± 12 N) and the compression on the wedge 
after the plate setting (70.6 N ± 24.4 N) (table 1). The mechanical 
behavior of the plate enables to transfer some loading through the 
wedge (150.9 N ± 62. 0 N for a 700 N loading). The Tekscan system 
(fig 2 cadaver sample) illustrated the suitable anatomical closure 
of the tibia provided by the NEOTIS wedge/NEOTIS plate system. 
Preliminary tests run with Sawbones had shown higher compres-
sion levels than human bones due to the lower elasticity of their 
constitutive material.

 

Conclusion: Loading of the tibia combined with the bone plasticity 
enabled equalization of the stress field at the wedge/bone inter-
face. This illustrated uniform compression and load transfer in this 
model. The plate compressive ability was validated in this study.

P86
Reproduction of joint-specific biomechanics for application in a 
whole canine stifle joint bioreactor
T. Struik, L.H.C. Peeters, F.P.J.G. Lafeber, S.C. Mastbergen  
Utrecht/Netherlands

Purpose: In-vivo as well as in-vitro studies on osteoarthritis have 
their advantages and disadvantages. A novel ex-vivo/in-vitro whole 
stifle joint bio-mechano-reactor allowing individual modulation of 
biochemical and biomechanical conditions is being developed, with 
the advantage of studying the joint as a whole able to modulate and 
monitor all different aspects. As one of the goals, is reproduction of 
joint-specific biomechanics. Passive femoral-tibial kinematics and 
contact surface provide input for an inverse dynamics model beeing 
subject of this study.

Methods and Materials: Four right hind limbs without muscle tis-
sues but with intact bone-cartilage interface, including ligaments of 
Mongrel dogs (±22kg,±1.5yrs) were analyzed and used in a model 
of the bioreactor setup. A micro-CT scanner (quantum-FX, Perkin-
Elmer) was used for modeling of the whole stifle joints in multiple 
flexion angles in normal range of motion (30-70degrees). As refe-
rence, six stainless steel markers were placed. Slicer3D(v4.3.1) and 
Meshlab(v1.3.2) were used for post-processing. Kinematics were 
derived with a MATLAB(vR2013B) algorithm, and implemented in an 
OpenSim inverse-dynamics-model. Preliminary contact area analy-
sis was performed with a contrast enhanced micro-CT scan 30min 
after injection with 9mL Hexabrix (38%)-PBS(62%) to one stifle 
joint.

Results: Joint-specific passive femoral-tibial kinematics (fig.1) were 
derived and could be implemented in an inverse dynamics mo-
del for application in the bio-mechano-reactor. Intervals between 
measured flexion angles were interpolated for generating continuo-
us motion patterns. Contact surface was distinguishable after injec-
tion of contrast agent (fig. 2).
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Conclusion: Despite the challenges in implementation of joint-spe-
cific biomechanics in a whole-joint-bio-mechano-reactor, micro-CT 
images can provide an accurate method for determining passive 
stifle joint kinematics. The developed kinematic model provides 
input for an inverse-dynamics model, enabling joint-specific load 
pattern simulation and application. Results have been implemented 
in the active bio-mechano-reactor providing a potential new tool for 
ex-vivo cartilage research.

P87
Evaluation of Entire Ovine Cartilage Repair Articular Surfaces: 
Mechanical and Electromechanical Assessment
S. Sim1, I. Hadjab2, M. Garon2, E. Quenneville2, M.B. Hurtig3, 
M.D. Buschmann1, C.D. Hoemann1  
1Montreal/Canada, 2Laval/Canada, 3Guelph/Canada

Purpose: To demonstrate the ability of non-destructive automated 
indentation technique and electromechanical device in assessing 
the quality of cartilage in a sheep model.

Methods and Materials: Electromechanical ex vivo mappings of ar-
ticular surfaces were obtained in distal condyles from 5 sheep (8 – 9 
y-o, 9 months post-surgery, bone marrow stimulation model) and 
2 control sheep (8 years old) with the Arthro-BST (Biomomentum, 
Laval) which has a hemispherical indenter (r=3.175mm) to measure 
electromechanical properties by the quantitative parameter (QP), 
followed by automated indentation mappings to 50 µm with the 
Mach-1 (Biomomentum, Laval) with a spherical indenter (r=0.5mm) 
at the same positions to measure structural stiffness (load/indenta-
tion depth). Selected test sites were analyzed histologically and by 
unconfined compression. 

Results: GAG-rich repair tissues showed poroelastic mechanical 
behavior. According to electromechanical and mechanical pro-
perties mappings on control and treated articular surfaces (Fig.1), 
para-defect articular surfaces showed depressed average structu-
ral stiffness and weaker electromechanical properties (high QP) vs 
matching control regions. The QP was lower and structural stiffness 
higher in the repair site. Repair site tissue thickness varied from 0 to 
720 µm compared to ~1100 µm in flanking area. GAG depletion was 
observed in para-defect tissues in half of the test medial condyles 
(Fig.2).

 

Conclusion: Mechanical measures demonstrated poroelastic carti-
lage behavior in repair tissues elicited by bone marrow stimulation 
in aged sheep. Measures outside the repair sites are suggestive of 
cartilage degeneration and consistent with previously published 
data (Hoemann et al., 2005; Custers et al., 2009). As for the repair 
site, the increase in the structural stiffness and decrease in the QP 
could be partly explained by the lower cartilage thickness. This stu-
dy indicates the utility of functional mechanical measures in large 
animal cartilage repair studies.

P88
Analysis of 3D Strain in Medial Meniscal Allograft Transplants 
Following two Surgical Techniques
S. Kolaczek1, C. Hewison2, S. Caterine2, K.D. Gordon1, A. Getgood2  
1Guelph/Canada, 2London/Canada

Purpose: There is a deficiency in the understanding of the biome-
chanical characteristics of meniscal tissue in meniscal allograft 
transplantation (MAT), and how these may be affected by surgical 
technique. The objectives of this study were to investigate the 3D 
strain in intact and transplanted menisci, with and without an addi-
tional peripheral 3rd point of fixation on the tibial plateau.

Methods and Materials: Twelve human cadaveric knees were evalu-
ated using an in-vitro device capable of applying physiologically re-
levant loads. Teflon beads (0.8 mm) were inserted into tetrahedrons 
in the middle 1/3 and posterior 1/3 of the medial meniscus under 
arthroscopic guidance. CT images were acquired at 50 flexion and 
1x body weight (647.67 ±159.04 N). MicroView was used to obtain 
bead coordinates to calculate strains. The process was repeated for 
a MAT, utilizing soft tissue anterior and posterior root fixation via 
transosseous suture, and a 3rd transosseous suture tied over a but-
ton providing peripheral fixation. 

Results: Preliminary results (4 of 12 knees) show significant incre-
ases in strain measurements in the meniscus allograft at 50 of fle-
xion, particularly in the middle third of the meniscus in the medial 
lateral direction (Figure 1). The addition of the peripheral suture re-
duces the strain measurements back to a more physiological state, 
however the normal status of the meniscus is not restored.
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Conclusion: Results indicate that strain in MAT without an additi-
onal peripheral anchor tend to be increased. A peripheral anchor 
in medial MAT may more closely replicate native tissue strain and 
could improve the chondroprotective affect of MAT. 

P89
In vitro evaluation of tibiofemoral contact mechanics with 
horizontal cleavage tears and resection of the medial meniscus 
in the human knee
J. Koh, Y. Ren, S.J. Yi, L. Zhang  
Evanston/United States of America

Purpose: The meniscus is known to increase contact area and de-
crease contact pressure in the tibiofemoral compartments of the 
knee. Radial tears and root tears are known to result in decreased 
contact area and increased pressure; however, it is unknown what 
the effects of a horizontal cleavage tear or partial resection are on 
tibiofemoral mechanics.

Methods and Materials: Six fresh frozen human cadaveric knees 
underwent 10 separate testing conditions – 5 serial posterior medial 
meniscectomy conditions (intact, horizontal cleavage tear, repaired 
horizontal tear, inferior leaf resection, both leaf resection) at 2 fle-
xion angles (0o, 60o) under an 800 N axial load. Tekscan sensors 
(4000-1500) were used to measure contact pressure, contact area, 
mean contact stress, and peak contact stress.

Results: Horizontal cleavage tears resulted in no significant 
changes in contact area or pressure compared to the intact condi-
tion. Repair of the horizontal tear resulted in similar contact area to 
intact. Resection of the inferior leaf resulted in significantly decrea-
sed (79.8%) contact area, and further resection of the superior leaf 
resulted in additional decreases in contact area (49.1%) (p< 0.05). 
Similarly, mean and peak contact pressure correspondingly increa-
sed in the medial compartment. 

Conclusion: The medial meniscus plays an important role in load-
bearing in the knee. Non-displaced horizontal cleavage tears result 
in similar total contact area and peak pressure. However, resection 
of meniscal tissue forming the inferior leaf of a horizontal cleavage 
tear results in substantially decreased contact area and increased 
contact pressure. Additional resection resulted in further significant 
alteration of tibiofemoral mechanics. Repair or minimal resection of 
meniscal tissue of a horizontal cleavage tear may be preferred to 
maintain knee tibiofemoral mechanics.

P90
The Use of Human Amniotic Membrane for Cartilage Repair: 
A Sheep Study
S.K. Tabet, D.M. Conner  
Albuquerque/United States of America

Purpose: Multiple options exist to repair cartilage defects and many 
studies expound on the potential uses of human amniotic cells for 
tissue repair. Amniotic membranes contain pluripotent mesenchy-
mal stem cells and can be influenced to produce chondrocytes. 
Demineralized bone can influence plueripotent cells to produce 
chondrocytes. This study evaluates the use of human amniotic 
membrane mixed with demineralized bone to fill cartilage defects 
in a sheep model.

Methods and Materials: Six adult sheep were chosen; three as con-
trols and three who received amniotic membrane. Two cartilage de-
fects were created; one on the weight-bearing surface of the femoral 
condyle and one on the trochlear grove. The membrane was sized 
and the cellular layer faced the defect and the joint. Demineralized 
bone was placed between the layers. The membranes were fixed 
to the defects on the femoral chondyles using micro bone anchors 
and fibrin glue. The membrane was fixed to the trochlear defects 
using fibrin glue alone. The knees were harvested at six months and 
underwent histological and morphological evaluation based on a 
validated scoring system by O’Driscoll et al. (2001). 

Results: None of the defects filled in with hyaline cartilage or fi-
brocartilage in controls. 50% of the defects appeared to retain the 
membrane in the graft group. These samples were compared to 
controls. The defects that retained their membranes had evidence 
of diffuse chondrocyte-like cell proliferation and showed a stromal 
matrix similar to hyaline cartilage. The graft samples showed 90% 
normal appearing cartilage compared with 40% normal in the con-
trols. The grafts all scored a 3 on a 0-3 cartilage appearance scale 
compared with a 1.3 for the controls.
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Conclusion: Human amniotic membrane is a potential source of plu-
eripotent cells that can be influenced to produce cartilage in defects 
in a sheep model. The implications for application in a human model 
are promising and warrant further study.

P91
Histological results of regeneration cytotherapy in trial animals 
with posttraumatic gonarthrosis of stage I
V.A. Malchevskiy, S.A. Petrov  
Tyumen/Russian Federation

Purpose: The purpose of the study is to research the influence of 
regeneration cytotherapy on post traumatic gonarthosis of stage I 
with predominate III-IV degree of chondromalacia in laboratory ani-
mals. 

Methods and Materials: Experimental observation of 30 female 
brush rabbits with simulated post traumatic gonarthrosis of stage 
I with predominate III-IV degree of chondromalacia was carried 
out. The therapeutic intervention incuded diagnostic and treatment 
arthroscopy, diet, knee control, physiotherapy and regeneration 
cytotherapy. Bush rabbit fetus liver fetal stem cells were used as 
growth promoting substance in regeneration cytotherapy. 500000 
cells were single punctured in the knee joint on the 3 day after the 
arthroscopy. 0.5 ml of isotonic 0.9% solution NaCl2 was used as 
medium. No side effects were seen in the bush rabbits when using 
regeneration cytotherapy. 

Results: Knee joint articular cartilage histological study was car-
ried out in the laboratory animals in 6 months after the beginning 
of treatment. The laboratory animals bony and cartilaginous tissue 
of the most vulnerable to the load area of the knee joint (epicon-
dyle of femur and condyle of thibia) was taken intravitally for the 
histological study during the operation. For tissue section staining 
hematoxylin- eosin technique was used. The histological study re-
vealed complete defect area replacement with hyaline-analog tis-
sue, cytoarchitectonics reconstruction in cartilage surface and deep 
damage zones without breaking “wavy border”, the absence of de-
struction , and active cell growth. 

Conclusion: Regeneration cytotherapy for trial animals with post 
traumatic gonarthrosis of stage I does not only stop pathomorpho-
logical changes in knee joint cartilage, but helps to regress those 
changes

P92
A failed generation of stem cell-based tissue engineered 
construct after high dose steroid therapy
Y. Yasui, N. Sugita, R. Chijimatsu, K. Koizumi, M. Sakaue, A. Myoui, 
H. Yoshikawa, N. Nakamura  
Suita/Japan

Purpose: The purpose of this study is to help clarify the clinical indi-
cation or exclusion criteria in autologous cell based therapy. 

Methods and Materials: We have developed a scaffold-free three 
dimensional tissue-engineered construct (TEC) composed of human 
mesenchymal stem cells (MSCs) derived from synovium and extra-
cellular matrices (ECMs) synthesized by the cells. The feasibility of 
the TEC to cartilage repair has been demonstrated in large animal 
preclinical studies.Based on the results of the preclinical studies, a 
patient with a symptomatic chondral lesion enrolled in a first-in man 
clinical trial for autologous implantation of TEC. The patient suffered 
from Bell’s palsy and had a 1-week high dose steroid therapy. After 
a 3 week recovery period, synovial tissue was harvested for MSC 
preparation (1st MSC). The MSC proliferation rates and cell surface 
marker expression profiles met conditions for further processing. 
However, 1st MSCs failed to generate a functional TEC. Cellular vi-
ability of the TEC was 96.5% . Thus, the cause of failed generati-
on was thought to be the suppressed ECM synthesis. Accordingly, 
we canceled the implantation surgery and alternatively performed 
microfracture 7 weeks after the termination of steroid therapy and 
harvested synovial membrane again for MSC preparation (2nd MSC). 
2nd MSCs resulted in the development of a three dimensional TEC 
as usual.

Results: Quantification of hydroxyproline as a measure of collagen 
content within TEC derived from 1st and 2nd MSCs was 31ng/cm2 
and 2426ng/cm2, respectively indicating significant suppression of 
collagen production in the 1st MSC (P<0.01). In vitro generation of 
TEC derived from 2nd MSC with exogenous steroid significantly sup-
pressed hydroxyprolin content in a dose-dependent manner. Chon-
drogenic and osteogenic capacity were also suppressed in 1st MSC 
compared with 2nd MSC. 

Conclusion: This case suggests that MSCs are transiently compro-
mised following high dose steroid therapy and careful considerati-
on regarding timing of MSC harvest is critical. 

P93
Chondroprogenitors as an allogeneic cell source for cartilage 
repair
P. Abdel-Sayed, S. Darwiche, S. Jaccoud, R. Martin, L.A. Applegate, 
D. Pioletti  
Lausanne/Switzerland

Purpose: Human epiphyseal chondro-progenitor (ECP) cells provi-
de a stable, off-the-shelf cell source for cartilage therapy (Darwiche 
SE et al., Cell Medicine, 2012). As the delivery vehicle is key in bin-
ding the cells to the repair site, we have investigated the Chondro-
Gide® (Geistlich, Wolhusen, Switzerland) membrane, which has an 
established clinical follow-up for cartilage repair, demonstrating its 
safety in several studies, when used alone or in combination with 
differentiated chondrocytes (Moran et al, JBJS, 2014). In an effort 
to best predict their in vivo regenerative response, we aim in this 
report to focus on the in vitro behavior of ECPs when combined with 
the Chondro-Gide® membrane, particularly evaluating viability, pro-
liferation and gene expression patterns.

Methods and Materials: ECP cells were seeded on Chondro-Gide® 
membranes and cultured in DMEM with 10µg TGF-beta 3 for 21 
days. Matrix deposition was assessed histologically by Alcian blue 
staining. Gene expression levels of TGF-beta 3, SOX9, Runx2 and 
Aggrecan were measured with qRT-PCR (housekeeping gene B2M) 
to determine the chondrogenic profile of ECPs cultured on the 
membranes. The profiles were compared to those of ECP micro-tis-
sues. Viability of the cells after 4 hours at RT following membrane 
seeding was also assessed to evaluate viability in conditions mimi-
cking surgical settings prior to implantation.

Results: The Alcian Blue staining matrix deposits by ECPs within 
Chondro-Gide® membrane fibers, at a level comparable to that 
found in micro-tissues and with juvenile chondrocytes (Figure 1).

 

Chondrogenic markers were still measurable on membranes and 
show, when compared to micro-tissues, only 3-fold up-regulation 
of Runx2 and 4-fold, 3-fold and 5-fold down-regulation of SOX9, 
TGF-beta 3 and Aggrecan, respectively. MTT assay confirmed good 
viability of the ECPs 4 hours after seeding in Chronro-Gide® at room 
temperature (Figure 2).
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Conclusion: The interaction of ECPs with Chondro-Gide® membra-
nes make ECPs a suitable candidate for an off-the-shelf cell use for 
cartilage.

P94
ß-Catenin as an Indicator of Wnt-Signalling in Repair Tissue 
Biopsies Following Autologous Chondrocyte Implantation
H. Mccarthy, J. Richardson, S. Roberts  
Oswestry/United Kingdom

Purpose: Autologous chondrocyte implantation (ACI) is used for 
treating cartilage defects associated with osteoarthritis (OA). The 
development of OA has been associated with increased canonical 
Wnt-signalling which is also instrumental in regulating chondroge-
nesis and joint development; the resulting nuclear translocation of 
active ß-Catenin leads to increased matrix breakdown and turnover. 
This study investigated the presence of ß-Catenin in repair tissue 
following ACI compared to normal and OA samples.

Methods and Materials: Cartilage samples were obtained from 
normal controls (ages 10-50yrs, n=7), end-stage OA patients un-
dergoing joint replacement (n=3) and biopsies of repair tissue from 
patients having had ACI treatment 14±4 months previously (range 
8-23 months, n=16). They were snap-frozen and the presence of 
active (unphosphorylated) ß-Catenin was analysed by immunohi-
stochemistry on 7µm thick cryosections using a specific monoclonal 
antibody.

Results: Both OA and ACI repair tissue biopsies demonstrated si-
gnificantly more positive staining for active ß-Catenin than normal 
control samples, with OA samples having the most prominent and 
widespread staining. The intensity and amount of staining in con-
trol samples was varied throughout its depth whereas in OA and 
ACI repair tissue biopsies, staining was more intense with a higher 
proportion of positive cells throughout. Staining intensity in ACI re-
pair biopsies was variable both within and between samples, but 
generally less than OA samples. 

Conclusion: The presence of active ß-Catenin in cartilage repair tis-
sue is indicative of matrix remodelling; this has been shown to occur 
via other markers, as part of the maturation process of the repair 
tissue in ACI. Correlating these results with long-term clinical out-
come following ACI and other Wnt-signalling molecules, may help to 
elucidate the role of Wnt-signalling in cartilage repair and whether it 
is beneficial or detrimental. 

P95
An ex vivo human cartilage repair model to evaluate the potency 
of cartilage cell transplants
C. Bartz, M. Meixner, P. Giesemann, V. Methner, G. Bulwin, J.J. Smink  
Teltow/Germany

Purpose: Articular cartilage defects require early treatment before 
progression into osteoarthritis. Promising therapeutic approaches 
to treat cartilage defects are cell-based therapies such as autolo-
gous chondrocyte transplantation (ACT). One of the matrix-associ-
ated ACT is chondrosphere®, consisting of cartilage spheroids that 
produce an endogenous ECM. It is important to be able to predict 
the biological activity of ACT products to assure a consistent quality. 
This requires the development of a potency assay, which assesses 
a characteristic of the cartilage cell transplant that can predict its 
cartilage regeneration capacity after implantation. In this study, an 
ex vivo human cartilage repair model was used to develop a potency 
assay for the cartilage cell transplant chondrosphere®.

Methods and Materials: Cartilage spheroids were generated from 9 
patients, which were implanted into standardized cartilage defects 
and co-cultured ex vivo. Before implantation, spheroid characteri-
stics including sGAG production and expression of chondrogenic 
marker genes were evaluated.

Results: After 12 weeks of co-cultivation, histological analyses sho-
wed the presence of regenerated tissue, which differed in amounts 
in the different patients. Aggrecan protein expression within co-
cultures also showed significant differences between patients and 
together with the amounts of regenerated tissue it was used as 
regeneration capacity read-out in this human cartilage repair mo-
del. Cartilage spheroid characteristics that showed a positive cor-
relation with regeneration capacity in cartilage defects were sGAG 
production and aggrecan expression. The ratio of bound sGAG in 
spheroids to secreted sGAG in medium showed a positive correla-
tion where sGAGbound > sGAGsecreted resulted in a good regeneration 
after implantation. In addition, spheroids with high levels of agg-
recan expression resulted in a better regeneration as compared to 
spheroids with low aggrecan levels.

Conclusion: In conclusion, the present study suggests that sGAG 
production and aggrecan expression in spheroids can be used as 
potency assay for chondrosphere® to predict its regenerative capa-
city after implantation. 

P96
Arthroscopic Airbrush Assisted Cell Implantation for Cartilage 
Repair in the Knee: a Controlled Laboratory and Human 
Cadaveric Study
T.S. De Windt1, J. Hendriks2, L.A. Vonk1, J.K. Buskermolen1, J. Visser1, 
R.L. Bleys1, W.J.A. Dhert1, M. Karperien2, D.B. Saris2  
1Utrecht/Netherlands, 2Enschede/Netherlands

Purpose: An airbrush technology can be used to arthroscopically 
apply (cell-laden) hydrogels in cartilage defects. The purpose of this 
study was to explore the feasibility of arthroscopic airbrush facilita-
ted cell implantation and to develop a model to predict cell survival 
in clinically available hydrogels.

Methods and Materials: A fibrin spray device was adapted to air-
brush chondrocytes in fibrin glue. Experimentally acquired spray 
characteristics were used to simulate the influence of the spray pro-
cess on cell viability and was validated experimentally. Subsequent-
ly a live/dead assay visualized with confocal microscopy was used 
to determine depth-dependent cell viability and matrix production 
was assessed after 21 days. Human cadaveric knees where used to 
(n = 8) test the feasibility of the procedure in which defects were 
filled with either arthroscopic airbrushing or needle extrusion. All 
knees were subjected to 60 minutes of continuous passive motion 
and scored on outline attachment and defect filling by four obser-
vers.

Results: A simulation model was designed to predict deformations 
and shear stress of the cells and the resulting viability post impact; 
the viscosity of a hydrogel, the droplet size and velocity were con-
firmed as critical parameters. Using optimized settings, airbrushing 
chondrocytes in fibrin glue resulted in a homogenous cell distribu-
tion and it did not affect cell viability nor matrix production (Fig. 1). 
The cadaveric study revealed that airbrushing was feasible and easy 
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to apply, as glue adhesion and gravity were no limiting factors (Fig. 
2). The macroscopic outcome scores showed good inter- and intra-
rater agreement (mean Κappa > 0.70).

Conclusion: Chondrocytes can be evenly distributed in a sprayed fi-
brin glue scaffold without affecting viability while supporting matrix 
production. The developed simulation model can be applied to find 
optimal airbrush settings for a variety of cell-laden hydrogels. The 
airbrush technology is feasible and allows for simple reproducible 
arthroscopic filling of cartilage defects.

P97
The repair of articular cartilage defect using a transglutaminase 
4 and hydrogel embedded with synovium derived stem cells in 
rabbit model
H.S. Han, K.Y. Chung, H.J. Min, S.Y. Wang, H.J. Park, Y. Kim, S. Lee, 
M.C. Lee  
Seoul/Korea

Purpose: We investigated the effect of human SDSCs embedded 
with injectable hydrogel and TG4 on the repair of articular cartilage 
defects.

Methods and Materials: Synovium was isolated from the knee joint 
of patient undergoing total knee arthroplasty. Injectable hydrogel 
was a solution containing fibrinogen (Green Cross, Korea), 10 mg/
ml HA (LG CI, Korea) and 3 % type I collagen (RMS innovations, UK). 
SDSCs were suspended at 2 ×107 cells/ml in a solution and homo-
geneously mixed. Thrombin/CaCl2 solution was then added to form 
a hydrogel. The groups were 1) hydro gel only (hydrogel solution + 
thrombin/CaCl2) 2) hydro gel + SDSCs, 3) hydro gel + human fibro-
nectin (FN) 4) hydro gel + FN + SDSCs + TG4 100 µg/ml (TG4-100), 
5) hydro gel + FN + SDSCs + TG4 400 µg/ml (TG4-400). Viable cells 
in the hydro gels were assessed using the Live/Dead Viability kit 
and the cell number was measured using the MTS method. GAG and 
DNA amount assay Chondrogenic differentiation Histology RT-PCR 
In vivo cartilage formation: Osteochondral defect was made in the 
trochlear groove and medial condyle (Φ: 4mm, depth: 3 mm) of the 
knee joint of rabbit with a custom-made surgical tool. The hydrogel 
and thrombin solution was injected using a dual syringe. 

Results: Chondrogenic differentiation exhibited chondrocyte-like 
cells embedded in a proteoglycan-rich ECM and positive staining for 
type I and II collagen was shown. (Fig1) 

RT-PCR also revealed the expression of cartilage specific ECM genes. 
In the rabbit defect model, cartilage defect injected TG4-hydro gel 
with SDSCs was found to have filled with regenerated cartilaginous 
tissue by 12weeks after injection. (fig.2)
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Conclusion: Our TG4-hydro gel can be useful as an injectable cell 
carrier for cartilage repair. It shows the chondrogenic differentiation 
potential of cells treated enzyme-hydrogel. This TG4-hydro gel can 
be a good candidate for the cartilage regeneration carrier.

P98
Programmed application of TGFβ3 and Rac1 inhibitor committed 
hyaline cartilage differentiation of ADSCs for osteochondral 
defect repair
S. Zhu, P. Chen, Y. Wu, S. Xiong, H. Sun, H. Liu, H.W. Ouyang  
Hangzhou/China

Purpose: Hyaline cartilage differentiation is always the challenge 
on the application of stem cells for joint repair. TGFs and BMPs can 
initiate cartilage differentiation but often leads to hypertrophy and 
calcification which is related to abnormal Rac1 activity. In this study, 
we developed a strategy of programmed application of TGFβ3 and 
Rac1 inhibitor NSC23766 to commit the hyaline cartilage differentia-
tion of ADSCs for joint cartilage repair. 

Methods and Materials: ADSCs were isolated and cultured in micro-
mass and pellet culture model to evaluate the chondrogenic and 
hypertrophic differentiation. The function of Rac1 was investigated 
with constitutively active Rac1 mutant (CA-Rac1) and dominant ne-
gative Rac1 mutant (DN-Rac1). The efficacy of ADSCs with program-
med application of TGFβ3 and Rac1 inhibitor for cartilage reparation 
was studied in a rat model of osteochondral defect. 

Results: The results showed that TGFβ3 promoted ADSCs chondro-
lineage differentiation and NSC23766 prevented ADSCs derived 
chondrocytes from hypertrophy in vitro. Combination of ADSCs, 
TGFβ3 and NSC23766 promoted the quality of osteochondral defect 
repair in rat with much less chondrocytes hypertrophy and signifi-
cantly higher ICRS macroscopic and microscopic score.

 

Conclusion: The findings illustrated that programmed application 
of TGFβ3 and Rac1 inhibitor NSC23766 can commit ADSCs into 
chondro-lineage differentiation and improve the efficacy of ADSCs 
for cartilage defect repair. It suggests a promising stem cell based 
strategy for articular cartilage repair.

P99
Co-culture of Dedifferentiated and Primary Human Chondrocytes 
From Cadaveric Donor Enhance the Histological Quality of Repair 
Tissue.
A. Olivos Meza, C. Ortega-Sanchez, E. Alvarez, V. Martinez, C. Landa, 
J. Granados-Montiel, C. Velasquillo, C. Ibarra, C. Pineda  
Mexico City/Mexico

Purpose: To compare the viability and number of chondrocytes iso-
lated from live versus cadveric donors and to evaluate the quality of 
the repaired tissue in three-dimensional co-culture of human chon-
drocytes implanted in an in-vivo model.
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Methods and Materials: A total of 32 osteochondral biopsies were 
included (22 cadaveric and 10 live donors). Cell counting and via-
bility was assessed. Fifty percent of cadaveric chondrocytes were 
expanded until passage-2, remain cells were cryopreserved. Fresh 
primary chondrocytes from live donor were co-cultured. Three-
dimentional constructs were formed with a monolayer of chondro-
cytes in passage-2, collagen type I & III membrane, and a pellet of 
either passaged-2 (non-cocultured) chondrocytes or co-cultured 
cells (P2+P0c, P2+P0f). Constructs were implanted in atimic mice 
and left during three-months. The O’Driscoll score was used to eva-
luate the quality of neo-cartilage.

Results: Mean time to cartilage processing in cadaveric donors was 
21.75 hours (±6.13) compared to 1.9 (±0.54) hours in live donors 
(p=0.007). Mean number of chondrocytes per milligram of cartilage 
in cadaveric donors was 1,951 (±70.3) compared to 4,396 (±2506) 
cells in live donors (p=0.12). The evaluation of quality in the neo-for-
med cartilage was better in the cryopreserved primary co-cultured 
chondrocytes (9.57; ±1.27); co-cultured fresh primary chondrocytes 
group had a score of 8.71 (±3.98) while the lowest evaluation was 
observed in the non-cocultured group (4.37, SD±4.71). Histological 
score was significantly higher (p=0.053) in the cryopreserved co-
cultured group compared to non-cocultured group.

Conclusion: Is posible to isolate viable chondrocytes from cada-
veric donor’s articular cartilage in samples processed in the first 
48-hours. There was not significant difference between the number 
of chondrocytes isolated from live or cadaveric donor. Cryopreser-
vation of cadaveric primary chondrocytes does not alter the capabi-
lity to form cartilage like tissue. Co-culture of primary and passaged 
chondrocytes enhances the histological quality of new-formed tis-
sue compared to no-cocultured cells.

P100
Long-term chondrogenesis without initial dedifferentiation 
following matrix-associated chondrocyte transplantation (MACT)
V. Kopsch1, J. Mika2, L. Bischoff1, J. Borgwardt1, C. Voss1, S. Bischoff3, 
J. Adolph1, M. Endres4, C. Kaps4, H. Schubert3, S. Pietsch1, R. Kinne1  
1Eisenberg/Germany, 2Giessen/Germany, 3Jena/Germany, 4Berlin/
Germany

Purpose: The aim of this study was to evaluate standardized quality 
parameters for tissue engineering constructs using chondral de-
fects in sheep knee joints.

Methods and Materials: Eighteen female merino sheep were rando-
mized into 2 groups. In each group, 2 full thickness cartilage defects 
(8 x 8 mm) were created on the load-bearing area of the right me-
dial femur condyle and either left uncovered (empty defects; con-
trol) or covered with a cell-seeded polyglycolic acid (PGA) implant 
(verum). After 6 months, the left knee was operated in an identical 
fashion and the animals were scarified after 12 months. Thereafter, 
the mRNA expression for collagen 1, collagen 2, and aggrecan as the 
main proteoglycan was analyzed by RT-PCR in day 0, 6 month, and 
12 month samples. For glycosaminoglycan (GAG) quantification, a 
dimethylene blue (DMB) assay of regenerate tissue was performed.

Results: In addition to a continuous and significant decrease of agg-
recan mRNA over time in both controls and verum defects, the con-
trols showed a 6 month significant peak of collagen 1 (30-fold over 
time point 0) and collagen 2 (365-fold) and a subsequent return to 
baseline levels. In contrast, verum defects displayed a continuous 
decrease of collagen 1 mRNA by 80% over time, as well as a 6 month 
peak (117-fold) and long-term increased expression (15-fold) of col-
lagen 2. The GAG content in both controls and verum defects was 
significantly decreased after 6 months and thereafter numerically 
increased at 12 months.

Conclusion: Whereas uncovered control defects showed parallel 
transient expression of dedifferentiation (collagen 1) and chon-
drogenesis markers (collagen 2) only at 6 months, MACT-covered 
verum defects displayed diminished expression of the dedifferen-
tiation marker collagen 1 and long-term elevation of the chondro-
genesis marker collagen 2, underlining the therapeutic potential of 
defect coverage with cell-seeded PGA implants.

P101
A Viable Chondral Allograft for Articular Cartilage Repair in the 
Knee – A Multicenter Case Series
J.K. Hoffman1, P.A. Davidson2, G. Higgs3, C. Bennett4, S. Kane5, 
S. Geraghty6, N. Protzman1, C. Vangsness, Jr.7  
1Bethlehem/United States of America, 2Park City/United States of 
America, 3Richmond/United States of America, 4Baltimore/United 
States of America, 5Atlanta/United States of America, 6Columbia/
United States of America, 7Los Angeles/United States of America

Purpose: A viable chondral allograft (CA) preserving extracellular 
matrix proteins, growth factors, and chondrocytes was recently de-
veloped for articular cartilage repair. Preclinical data suggest that 
the CA enhances MSC chondrogenesis following marrow stimulati-
on resulting in hyaline repair tissue. The purpose of this retrospec-
tive analysis was to overview CA use, including surgical implantati-
on technique and evaluation of short-term outcomes.

Methods and Materials: Patients treated with the CA were identified 
from 6 sites and their operative reports were reviewed. In all cases, 
the lesion was exposed and debrided down to subchondral bone. 
A stable cartilage periphery was established, marrow stimulation 
was performed, and the CA was cut to the lesion size and secured in 
place. Follow-up MRIs, radiographs, and second-look arthroscopy 
data were collected and analyzed.

Results: A total of 33 lesions (10 revision, 23 primary) in 28 patients 
(19 male, 9 female) were treated with the CA. The mean patient age 
was 37 years (range: 14 – 56). The mean lesion size was 3.2 cm2 
(range: 1.0 – 6.3 cm2). The lesions included cartilage defects in13 
medial femoral condyles, 8 patellas, 6 trochleas, 4 lateral femoral 
condyles, and 2 tibial plateaus. The CA was secured in place using 
resorbable sutures plus fibrin glue (23 lesions), sutures alone (3 le-
sions), suture anchors plus fibrin glue (5 lesions), or fibrin glue alo-
ne (2 lesions). The mean time since CA implantation is 14.9 months 
(range: 6.3 – 25.5). No adverse events have been attributed to the 
use of the CA. Follow-up MRIs, radiographs, and arthroscopies de-
monstrate that the CA remains in place and incorporates with the 
surrounding cartilage and underlying bone.

Conclusion: Use of a viable CA for articular cartilage repair in the 
knee has been outlined and a surgical technique for implantation 
has been established. Early outcomes support the hypothesis that 
the CA is safe and augments marrow stimulation.

P102
Arthroscopic Treatment Of Osteochondral Lesions Of Talus Using 
Hyaluronic Acid Scaffold Combined With Platelet Rich Growth 
Factor (Prgf)
M.N. Doral, G. Huri, E. Turhan, G. Donmez, D. Kaya  
Ankara/Turkey

Purpose: In the present study we aim to evaluate the clinical outco-
mes of OLT treated by a semi-synthetic derivative of hyaluronic acid 
scaffold (Hyalofast®) combined with microfracture and Platelet Rich 
Growth Factor (PRGF).

Methods and Materials: Seventeen patients with osteochondral 
lesions of talus had been treated with arthroscopic technique bet-
ween 2010 and 2013. The average age was 36.4±15.1 years (range 
17 to 66 years) and average follow-up was 18.4 months (range 12 
to 36 months). The OCL less than 3cm2 were included to the study. 
All patients underwent an arthroscopic surgery. Following débride-
ment of the lesion and microfracture, the Hyalofast® scaffold which 
was impregnated with the PRGF has placed to cover the chondral 
defect. The patients underwent clinical and radiographic follow-up 
at 9 months, 12, 24 and 36 months after treatment. Functional out-
comes was obtained using the Foot Ankle Outcome Survey (FAOS) 
rating scale and pain level was assessed using the visual analogue 
scale (VAS). 

Results: All patients had an overall relief of pain and improvement 
of ankle functions. In the final follow-up the pain score was an ave-
rage of 1.4 (range 0-3). The FAOS Pain, other Symptoms, Function in 
daily living (ADL), Function in sport and recreation (Sport/Rec), and 
foot and ankle-related Quality of Life (QOL) scores were 82.1±4.5 
(range 73 to 90), 84.9±9.8 (range 52 to 100), 85.8±8.9 (range 60 to 
96), 67.7±15.1 (range 22 to 90), 50.1±15.1 (range 18 to 79) respec-
tively. 
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Conclusion: Semi-synthetic derivative of hyaluronic acid scaffold 
combined with PRGF and microfracture appears to be a reasonable 
option for the treatment of medium size osteochondral lesions of 
talus. We believe that this combination might be able to overcome 
the limitations seen in osteochondral grafts alone and those for au-
tologous chondrocytes implantation

P103
Does cartilage transplantation harm or regenerate adjacent 
cartilage ? A longitudinal study
A. Messner, S. Apprich, L. Zak, P. Szomolanyi, S. Trattnig  
Vienna/Austria

Purpose: To assess the integrity of cartilage adjacent to matrix-
associated autologous chondrocyte transplantation (MACT) repair 
tissue by means of zonal T2-mapping.

Methods and Materials: Twenty-six patients after MACT were in-
cluded in this study. MRI examinations were obtained at 12- and 
24-month after surgery on a 3T-MR scanner using morphological 
sequences and a multi-echo spin echo T2-mapping sequence. On T2 
maps region-of-interest (ROI) analysis was performed for the repair 
tissue zone (RZ), the peri-lesional zone (PLZ) and the normal hyaline 
cartilage (NC) as a reference. A correlation of the mean T2 relaxation 
times was calculated.

Results: The mean T2 values of PLZ tissue were significantly high-
er than healthy cartilage (p<0.001) and significantly lower than 
at the transplant area (p<0.001) in the 12-month follow-up. In the 
24-month follow-up, however, no significant difference between the 
regions could be shown (Figure 1). The zonal variation was intact at 
both time points in all three regions. Morphologically the PLZ tissue 
appeared intact in all patients.

 

Conclusion: The results indicate that the PLZ shows early degene-
rative changes one year after MACT with subsequent improvement. 
If this early degeneration surrounding the transplant was already 
present at the time of MACT, it can be speculated that the repair 
surgery has a positive influence on the adjacent cartilage.

P104
How mesenchymal cells number impact the outcome in cartilage 
repair of the ankle: “OneStep” technique with Hyalofast 
membrane
L. Ramponi1, R. Buda1, M. Cavallo1, S. Giannini1, A. Cenacchi1, F. Vannini1, 
I. Bonetti2, A. Ruffilli1  
1Bologna/Italy, 2Verona/Italy

Purpose: Articular cartilage has limited reparative capability. Re-
cently, arthroscopic “One-step” technique basing on Bone marrow-
Derived Cells Transplantation (BMDCT) achieved good results in 
osteochondral lesions of the talus (OLT) repair, overcoming well-
known drawbacks of previous techniques. Still controversies are 
existing since microfractures is advocated as an adequate treat-

ment for OLT despite the negligible number of stem cells recallable 
to the lesion site by this technique. Aim of this study was to describe 
a correlation between the clinical outcome at 5 years follow-up after 
“one step” technique and the actual mesenchymal stem cells con-
tent in each patient.

Methods and Materials: 122 patients (31.8±10.6 years old) received 
One-step technique: 109 patients underwent the procedure after a 
diagnosis of osteochondral lesion of the talus, while in 13 cases a 
degenerative joint disease was present. Cells harvesting, concen-
tration, loading onto a Hyalofast scaffold and arthroscopic implan-
tation were performed in the same surgical session. The residual of 
harvested bone marrow and concentrated cells from every patient 
were send for laboratory analysis. Clinical evaluation was perfor-
med at established follow-up.

Results: Overall AOFAS score was 58.3±12.8 preoperatively, 
90.2±11.0 at 24 months of follow-up, 89.64±12.4 at 48 months and 
89.6±12.1 at 60 months (p<0.005) . AOFAS percentage of the ma-
ximum possible improvement significatively raised over time. Lesi-
on size negatively influenced the clinical outcome (p=0.003). The 
number of cells present in the harvested bone marrow was found to 
positively impact the AOFAS score at 36 months (p= 0, 021) while 
the number of cells in the concentrated bone marrow had a positive 
correlation with clinical evaluation at 60 months (p=0,007)

Conclusion: While BMDCT on Hyalofast membrane demonstrated to 
be a valid technique for repair of cartilage defect in the ankle joint, 
the number of cells present in the harvested bone marrow and in the 
concentrate significativrely influenced the quality and the stability 
of the clinical outcome

P105
Autologous Chondrocites Implantation at a medium term follow 
up
M. Berruto1, F.M. Uboldi1, P. Ferrua1, S. Pasqualotto1, P. Zedde2  
1Milan/Italy, 2Sassari/Italy

Purpose: Autologous Chondrocites Implant (ACI) has been the first 
regenerative technique employed in reconstruction of a valid arti-
cular surface both on biological and mechanical point of view. The 
aim of this study was to evaluate clinical results of this technique at 
an average follow up of 12 years (range 9-16) in a group of patients 
undergoing I and II generation ACI.

Methods and Materials: 32 patients underwent I and II generation 
ACI at our institution between January 1999 and December 2005 for 
chondral lesions or osteochondritis dissecans of the knee. Medium 
size of the lesion was 5 cm^2. 14 patients were treated with I ge-
neration technique (Carticel) and 18 with II generation (Hyalograft 
C scaffold). All patients were evaluated with Subjective IKDC and 
Tegner Activity Scales for clinical outcomes evaluation and Eq-Vas 
for pain, starting from preoperative period and at regular follow up 
(minimum 9 years-maximum 16 years).

Results: A significant increment of all scores was noticed comparing 
preoperative and postoperative results. In particular medium IKDC 
score increased from 40.2 in preoperative evaluation to 74.1 at one 
year (p<0.00001) ad to 85.2 at 5 years follow up(p<0.001). Tegner 
Activity Scale values also increased, although non significantly, 
from 3 in preoperative to 4.3 at 1 year follow up to 6.2 at 5 years fol-
low up. EQ-Vas evaluation showed superposable results comparing 
the 5 years evaluation with the ones obtained at a medium follow up 
of 12.3 years. Better results were obtained in all scores in younger 
and sportive patients as well as in femoral condyles. No difference 
was noticed comparing I and II generation techniques.

Conclusion: Autologous Chondrocites Implantation represents a va-
lid regenerative technique of chondral and osteochondral lesions in 
a population heterogeneous for age, sex and activity level with good 
results also at a long term follow up of 15 years.
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P106
Results of 100 cases implanted in the knee with high density of 
autologous chondrocytes (ICC: 5 million cells/cm2)
P. Guillen1, E. Rodriguez-Iñigo1, I. Guillen-Vicente1, R. Caballero-
Santos1, M. Guillen-Vicente1, M. Casqueiro-Abad1, T. Fernandez-
Jaen1, V. Concejero1, S.P. Abelow2, J.M. Lopez-Alcorocho1  
1Madrid/Spain, 2South Lake Tahoe/United States of America

Purpose: Studies in animal models performed by our group have 
demonstrated that increasing the number of chondrocytes in the 
treatment of chondral lesions improves the results obtained (1). 
Thus, our group has set up a modification of the method called In-
stant Cemtrocell® (ICC) to increase the number of cells implanted in 
the lesion.

Methods and Materials: We described the results obtained in 100 
consecutive patients who were considered for ICC treatment in our 
unit from 2010 to 2014. The mean age of the patients was 32.8 ± 
8.0 years. Among the patients, 75 were male and the remaining 25 
female. The results were evaluated by an in-house validated clinical 
protocol which included a survey stating the following data: age, 
sex, location of the defect, affected limb, number and type of previ-
ous surgeries, mobility after ICC implantation and time of sick leave. 
The pain was evaluated before and after the surgery using an analo-
gic scale ranged between 0 (no pain) and 10 (maximum pain).

Results: 79 patients had one lesion and 21 had more than one carti-
lage defect. We found that the intensity of the pain was statistically 
higher before the ICC implantation than after the surgery. Before 
surgery, all the patients had a very limited mobility. However, after 
the implantation of the ICC, the mobility was completely recovered 
in 95 of them while the remaining 5 patients had a slightly limited 
mobility (the last flexion degrees were missing). The sick leave peri-
od of 70% of cases was less than 6 months. With respect to MRI, in 
all cases the technique showed that a novel tissue (with proteogli-
can extracellular matrix) was produced.

Conclusion: Treatment of cartilage defects with high density cells 
provides good results. 

P107
Comparison of two cartilage regeneration techniques using 
autologous grafts in treating osteochondral defects
L. Andriolo, F. Tentoni, G. Filardo, B. Di Matteo, A. Di Martino, 
M. Marcacci, E. Kon  
Bologna/Italy

Purpose: One of the most important problems in orthopaedic sur-
gery is reconstruction of damaged articular surface because of its 
limited regeneration capacity. The aim of this study is to compare 
the results of two autologous surgical techniques for repairing oste-
ochondral defects: osteochondral graft (OG) and articular cartilage 
paste graft (PG).

Methods and Materials: 24 patients affected by osteochodritis dis-
secans (OCD) were enrolled. Twelve patients were treated with OG 
and 12 with PG. The groups were homogeneous for sex, age, and de-
fect location. The patients were clinically evaluated at 48 months of 
follow-up with International Knee Documentation Committee (IKDC) 
subjective score and Tegner score.

Results: In both groups, IKDC subjective score and Tegner scale 
score improved over time (p = 0,011), and no significant differences 
were found between the two groups in term of subjective improve-
ment. IKDC subjective in OG and PG groups improved from 44.5±16.8 
and 44.6±11.0, respectively, at basal evaluation, to 70.5±26.3 and 
77.0 ± 26.5, respectively, at 48 months follow-up. PG group showed 
a higher sport activity level evaluated with the Tegner score compa-
red to OG group, but this difference reach a statistical significance 
only at 24 months follow-up (p = 0.048).

Conclusion: This study showed that both autologous grafts are sui-
table option to treat osteochondral lesions caused by OCD. At me-
dium-term follow-up, the results are comparable between the two 
groups, with cartilage paste graft group reaching a slightly higher 
sport activity level respect to osteochodral graft group. 

P108
One-Step bone marrow derived cells transplantation in ankle 
osteoarthritis: is a solution?
F. Castagnini, R. Buda, M. Cavallo, G. Pagliazzi, L. Ramponi, F. Vannini, 
S. Giannini  
Bologna/Italy

Purpose: Ankle osteoarthritis is a challenging pathology, which re-
quires arthrodesis or ankle replacement as end stage treatments. 
Still a solution capable to save the joint or at least delay these major 
procedures may be strongly welcomed by the patient. Recently, few 
reports have described the efficacy of bone marrow stem cells in 
osteoarthritis. Aim of this study is to evaluate the midterm result 
of One step bone marrow derived cells transplantation (BMDCT) for 
osteochondral lesions of the talus (OLT) in degenerated ankle joints

Methods and Materials: 51 patients, with a mean age of 36,61 years 
(range: 16-50), which suffered about OLT and ankle osteoarthritis, 
were treated using BMDCT. The patients were divided into three 
groups according to Van Dijk’s classification for the arthritis degree 
(FIG1). All patients were checked using AOFAS score and weight be-
aring radiographic evaluation, in the pre-operative setting, at 12, 24 
and 36 months.

Results: All the patients had a remarkable improvement at 12 and 
24 months, with a lowering trend at 36 months. The results are de-
scribed in the table. [FIG1] 13 out of 51 patients required another 
treatment and they were considered failures (25,5%). Age, oste-
oarthritis stage and previous surgical treatments significatively 
correlated with failure. Patients with malalignment who required 
associated surgical procedures had significant ameliorations. Radi-
ographic results showed arthritis progression in 20 patients (39%): 
the radiographic progression was more evident in group 2. Group 1 
achieved the best outcomes (82,7 points at 36 months), with lower 
failure percentage (20,7%)

Conclusion: BMDCT showed encouraging clinical and radiological 
outcomes in early degrees of ankle arthritis, emerging as a char-
ming and scarcely invasive option to delay or even avoid arthroplas-
ty or arthrodesis. This procedure should be applied in young and 
selected patients, excluding severe ankle degeneration, where the 
results are critical. Longer follow-ups and larger case series are nee-
ded to confirm these results.

P109
Gel –based Autologous Chondrocyte Implantation (GACI) in the 
knee for Medial Femoral Condyle OCD: Multicentric short term 
study
D. Pardiwala1, N. Shah2, D. Rajan2, C. Bhanji1, S. Sanghavi2  
1Mumbai/India, 2Ahmedabad/India

Purpose: Gel- Based Autologous Chondrocyte Implantation (GACI) 
has shown effectiveness in treating isolated cartilage defect of me-
dial condyle of knee joint. This study was a one year follow up and 
has proved clinical benefit to patients.

Methods and Materials: All enrolled patients with mean age of 
30.4 years with average cartilage defect size was 2.41 square cen-
timeter ,all defect was grade IV as per ICRS grading. All patients 
were followed up several times at different intervals of 6th week,8th 
week,11th week,17th week,29th week,57th week after surgery .Out-
come measures were IKDC ( subjective and objective ) score. MO-
CART STUDIED AT 11th WEEK AND 57th WEEK POSTOPERATIVELY.
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Results:

patients pre op IKDC score post op IKDC score

1 22.9 79.3

2 41.4 60.9

3 60.9 86.2

4 44.8 85

5 40.2 56.3

mean 42.04 73.54

5 patients were treated with Gel -Based Autologous Chondrocyte 
Implantation. IKDC score (Subjective and Objective ) increased 
from baseline 42.04 to 73.54 in 1 year 1 month and improvement 
maintained at 24 month. No changes were oberved in majority of 
the patients for MOCART evaluation score across variables at visit 
10 (57th week) compare to visit 7 ( 11th week) 

Conclusion: For medial femoral condyle osteochondritis dissecans 
of knee joint,Gel Based autologous chondrocyte implantation is 
tolerable,safe and effective treatment in most patients. IKDC score 
showed marked improvement at post operative visits.MOCART-
score results are good.This study adds clinical evidance on the GACI 
procedure,it gives detail about highlights of GACI procedures use-
fulness and surgical approach to the treatment for knee OCD. Ho-
wever ,further studies with long term follow up are needed 

P110
Osteochondral regeneration with scaffold free 3D-structure 
consisting of adipose tissue-derived mesenchymal stem cells in 
pigs
D. Murata1, S. Akieda2, K. Misumi1, K. Nakayama3  
1Kagoshima/Japan, 2Fukuoka/Japan, 3Saga/Japan

Purpose: Adipose tissue derived-mesenchymal stem cells (AT-
MSCs) have often been used to demonstrate differentiation into 
bone and cartilage, however it has been reported recently that 
AT-MSCs could differentiate little into chondrocytes in vitro. The-
refore, we investigated the osteochondral regeneration by implan-
ting a three-dimensional plug assembled by spheroidal aggregates 
(spheroids) of autologous AT-MSCs into an osteochondral defect to 
determine whether AT-MSCs can differentiate into chondrocytes in 
vivo or not. 

Methods and Materials: Nine miniature pigs were collected adi-
pose tissue by liposuction, and were implanted plugs (5 mm high 
and 5 mm in diameter) which were made up of six hundred to se-
ven hundred spheroids containing 5.0x104 AT-MSCs each into the 
osteochondral defects at the unilateral femoral trochlear grooves 
(Implanted sites). The defects at the contralateral grooves were not 
implanted (controls). The defects were pathologically evaluated 
from 2 to 12 months after the surgeries. 

Results: Macroscopically, the boundaries between the implants 
and the surrounding normal cartilages became more smoothly as 
compared with the controls. In the histopathology, the substantial 
bone was covered by hypertrophic cartilage after 6 months after the 
implantation, and furthermore the hyaline cartilage regeneration 
progressed well in the surface layer to the same thickness as the 
surrounding normal cartilage after 12 months. In the control sites, 
subchondral bones were less formed and the surfaces were piled 
up with fibrous tissues. These results suggest that the AT-MSCs in 
the defects might differentiate into chondrocytes and osteocytes 
through the specific cytokines derived from the contacting normal 
cartilage and bone at the corresponding layers of the implants. 

Conclusion: Osteochondral regeneration progressed well over 6 
months after the AT-MSCs implantation. The strategy of cell therapy 
as presented here should be more studied to be applied in a clinical 
setting. 

P111
Matrix-induced autologous mesenchymal stem cell implantation 
in the treatment of chondral defects of the knee
I. Akgun1, M.C. Unlu1, O.A. Erdal1, T. Ogut1, M. Erturk2, E. Ovali1, 
F. Kantarci1, G. Caliskan1, Y. Akgun1  
1Istanbul/Turkey, 2Trabzon/Turkey

Purpose: In the present clinical study we compared the outcomes 
of matrix-induced autologous mesenchymal stem cell implantation 
(m-AMI) with matrix-induced autologous chondrocyte implantation 
(m-ACI) for the treatment of isolated chondral defects of the knee.

Methods and Materials: Fourteen patients with isolated full-thick-
ness chondral lesions of the knee > 2 cm2 were randomized into two 
treatment groups: m-AMI and m-ACI. Outcomes were assessed pre-
operatively and 3, 6, 12 and 24 months postoperatively.

Results: Clinical evaluations revealed that improvement from preo-
peration to 24 months postoperation occurred in both groups (p < 
0.05). At all follow-up intervals, m-AMI demonstrated significantly 
better functional outcomes (motion deficit and straight-leg raise 
strength) than did m-ACI (p < 0.05). At all follow-up intervals, m-AMI 
demonstrated significantly better subjective subscale scores for 
pain, symptoms, activities of daily living and sport and recreation of 
the Knee injury and Osteoarthritis Outcome Score (KOOS) than did 
m-ACI (p < 0.05). Additionally, m-AMI demonstrated significantly 
better (p < 0.05) scores than m-ACI for the quality of life subscale of 
the KOOS and visual analogue scale (VAS) severity at the 6-month 
follow-up. The Tegner activity score and VAS frequency were not si-
gnificantly different between the two groups. Graft failure was not 
observed on magnetic resonance imaging (MRI) at the 24-month 
follow-up. m-AMI and m-ACI demonstrated very good to excellent 
and good to very good infill, respectively, with no adverse effects 
from the implant, regardless of the treatment.

Conclusion: For the treatment of isolated full-thickness chondral 
lesion of the knee, m-AMI can be used effectively and may potenti-
ally accelerate recovery. A larger patient cohort and follow-up sup-
ported by histological analyses are necessary to determine long-
term outcomes.

P112
Sex Differences in the Reporting of Knee Cartilage Repair 
Outcomes
J.S. Howard, C.E. Whale, C.P. Starnes, J.M. Jansen, C. Lattermann  
Lexington/United States of America

Purpose: Several recent studies have proposed that males may 
have better clinical outcomes following articular cartilage repair. 
The purpose of this study was to examine the effect of sex on vario-
us methods of evaluating clinical outcomes.

Methods and Materials: 53 patients (27 male and 26 female; 35±7 
yrs, BMI=29±5,) who had previously undergone a cell based the-
rapy, osteochondral allograft/autograft, meniscal transplantation, 
and/or tibial or femoral osteotomy were identified from an existing 
prospective cartilage registry. IKDC, KOOS and Lysholm pre and 
post-operative change scores (mean follow-up 2±1 yrs), and patient 
satisfaction ratings were compared by patient sex. Patient satisfac-
tion was evaluated on a 0-100 numeric scale for satisfaction with 
pain relief, medical care, and joint function relative to the uninvolved 
limb. Additionally, patients were asked if they would choose to have 
the surgery again and completed a Global Rating of Change (GROC-
15 point scale). Independent t-tests were used to compare change 
scores and patient satisfaction numeric ratings while chi-square 
tests was used to compare frequencies of individuals reporting a 
GROC≥4 (standard criteria for a minimally clinically important dif-
ference) and willingness to undergo the procedure again, (p<0.10). 

Results: There were no between sex differences for age, BMI, or time-
since-surgery (p>0.10). Females reported significantly less improve-
ment in the KOOSQOL (F=12,M=27;p=0.072), less satisfaction with 
outcome as compared to the normal knee(F=37,M=53;p=0.088) 
and reported a GROC≥4 at a lower frequency than males 
(F=35%,M=67%;p=0.02). There were no group differences for 
IKDC, KOOSSymptoms, KOOSpain, KOOSADL, KOOSSport&Rec, or Lysholm 
change scores(Table). Similarly, there were no differences in any 
patient satisfaction numeric rating for medical care or pain.
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Conclusion: The identification of gender based differences in clini-
cal outcomes following cartilage repair/restoration may be scale 
dependent. Despite experiencing similar improvement a multi-item 
function/health scales, females reported less improvement in QOL 
and were less likely to report perceiving a clinically meaningful ove-
rall benefit from surgery.

P113
Transplantation of Adipose-Derived Mesenchymal Stem Cells for 
Ankle Articular Cartilage Focal Lesions
M.I. Iosifidis1, T. Totlis1, K. Apostolidis1, T. Kyriakidis1, E. Michalopoulos2, 
T. Chatzistamatiou2, A. Papasavas2, I. Tsitouridis1, K. Stavropoulou2, 
A. Kyriakidis1  
1Thessaloniki/Greece, 2Athens/Greece

Purpose: The aim of this pilot prospective study was to evaluate the 
results of transplantation of adipose-derived mesenchymal stem 
cells for the treatment of focal ankle chondral lesions.

Methods and Materials: Six patients (male:female 2:4), mean aged 
28.67 (18-42 years), having 6 ICRS grade 3 and 4 focal ankle chon-
dral defects were included. Medial malleolar osteotomy was per-
formed in four patients having a posteromedial talar lesion. One 
patient with an anteromedial talar lesion and another having a ti-
bial plafond lesion underwent an all-arthroscopic procedure. This 
single-staged procedure included filling of each defect with autolo-
gous culture-expanded mesenchymal stem cells, isolated from ab-
dominal subcutaneous fat and embedded in a trimmed-to-fit com-
mercially available biodegradable matrix. Patients were evaluated 
using the Foot and Ankle Outcome Score (FAOS) scale at 1st, 3rd, 6th, 
12th and 24th p.o. month (mean 18.5 months). The non-parametric 
Wilcox Signed Ramk test was used to determine significant diffe-
rences between preoperative and postoperative values (p<0.05). In 
addition the patients underwent MRI (3 Tesla) at the 12th and 24th 
p.o. month using the Magnetic Resonance Obsrevation of Cartilage 
Repair (MOCART) scoring system.

Results: No complications or adverse events were reported. All six 
patients were found to be satisfied. A significant increase in mean 
values of all FAOS subscales was found, whereas the total FAOS 
improved from 32.8 to 78.6, p=0.05. The MOCART score revealed 
significant development of tissue resembling the healthy cartilage.

Conclusion: Treatment of focal ankle chondral lesions with this sin-
gle-staged cell-based technique demonstrated promising prelimi-
nary results, according to relevant outcome scores. It is need longer 
follow up period and larger patients number in order to reach safer 
results for the effectiveness of this treatment option.

P114
ACTIVE: Autologous chondrocyte implantation in the knee versus 
alternatives. Preliminary results of a randomised trial
J. Richardson1, J.H. Kuiper1, M. Snow2  
1Oswestry/United Kingdom, 2Birmingham/United Kingdom

Purpose: The main hypothesis was whether the addition of cultured 
autologous chondrocytes was of benefit in chondral defects that 
have failed primary surgery. A secondary aim was to test the questi-
on of the benefit of periosteum over a collagen membrane.

Methods and Materials: Before a patient was randomised the sur-
geon would decide what the standard treatment will be for that 
particular patient if randomized into the standard arm of the trial. 
Twenty-nine centers took part in the trial from England Scotland and 
Norway. An independent steering committee and a separate data 
monitoring committee ensured the trial ran at GMP standards. An 
interim analysis was advised for data available from 3 to 5 years 
of follow-up. A sub-randomisation examined the effect of using pe-
riosteum compared with a collagen membrane to hold implanted 
cells in place in the defect.

Results: 390 patients were randomized into the main study. Defect 
size was a mean 3.2 cm square in both groups, with similar age and 
pre-operative Lysholm score. Responses from the IKDC knee form 
indicate a pattern of better improvement in the ACI group that in-
creases at 5 years to 8 points (ANCOVA, 95% C.I. 1.2 to 14.5, p < 
.02). No significant difference was found between the two groups in 
the periosteal versus collagen membrane sub-randomisation. The-
re have been 247recorded additional procedures from 161 patients 
with no significant difference in the rate of re-operation between the 
ACI treated patients and the standard group. 

Conclusion: In this preliminary report of failed chondral defects in 
the knee we report an apparent benefit of ACI for over the best alter-
native a surgeon could choose for an individual patient as measured 
by improvement in function at the 5 year point. The study will con-
tinue out to 10 years and conclusions on the study should await the 
final functional outcome.

P115
Cartilage tissue engineering from nose to knee: 12-months 
results of a Phase 1 Clinical Trial
M. Mumme, A. Barbero, S. Miot, A. Wixmerten, S. Feliciano, F. Wolf, 
A. Asnaghi, A. Marsano, M. Haug, D.J. Schaefer, U. Studler, 
A. Hirschmann, D. Baumhoer, T. Schamborn, I. Martin, M. Jakob  
Basel/Switzerland

Purpose: As compared to commonly used cell based treatments for 
articular cartilage repair, grafting of cartilage tissues, engineered in 
vitro to reach a mature stage, could result in more durable repair. To 
reduce the variability in the quality of the engineered tissue grafts, 
nasal chondrocytes were used as a cell source with reproducible 
chondrogenic capacity. The purpose of this phase-1 study was to 
demonstrate safety and feasibility of the procedure. Preliminary in-
dications on efficacy after 12 months are also presented.

Methods and Materials: Ten patients with symptomatic, post-
traumatic full-thickness cartilage lesions (2-8cm2) on the femoral 
condyle/ trochlea were treated. Patients underwent nasal septum 
cartilage biopsy in an outpatient procedure. Autologous nasal chon-
drocytes were isolated, expanded, seeded and cultured in collagen 
sponges (Chondrogide®, Geistlich) according to Good Manufactu-
ring Practice (GMP) regulations. After four weeks production, the 
engineered nasal cartilage graft was implanted via mini-arthrotomy. 
Patients were followed up radiologically by MRI (MOCART score), 
delayed Gadolinium Enhanced MRI (dGEMRIC, for assessment of 
glycosaminoglycans content) and clinically (IKDC and KOOS scores).

Results: No complications occurred by nasal cartilage biopsying 
or implantation of the engineered tissues, which consistently con-
tained abundant cartilaginous matrix. Clinical scores are shown in 
Table 1
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Conclusion: These early results demonstrate safety and feasibility 
of the method and indicate that engineered nasal cartilage grafts 
can participate to the repair of articular cartilage defects in the 
knee. The mean relative ΔR1 of 1.40 (1.0 for native cartilage) sug-
gests that hyaline repair tissue can be achieved, possibly to a high-
er extent than MACT (2.18, Trattnig+, 2008) or ACT (2.40, Trattnig+, 
2007). Our results demonstrate safety and feasibility of the method 
and indicate that patients can benefit from this therapy. This study 
opens a new approach in biological cartilage regeneration, based 
on engineering of mature cartilage tissues using autologous nasal 
chondrocytes.

P116
Treatment of knee osteoarthritis by microfragmented adipose 
tissue.
K. Slynarski, A. Krzesniak, C. Tremolada, A. Caplan  
Warsaw/Poland

Purpose: The aim of this study was to evaluate the efficacy of an 
innovative cell therapy system (Lipogems) for treatment of knee os-
teoarthritis. Lipogems is an apparatus for obtaining non-expanded 
and ready-to-use cell preparation from fat tissue harboring Mesen-
chymal Stem Cells (MSCs) and pericytes within a preserved stromal 
vascular niche. Fat processing involves mild mechanical forces and 
does not require any enzymatic or chemical treatment start from a 
lipoaspirate.

Methods and Materials: The study included 40 patients aged from 
18 to 83 with osteoarthritis in the knee. In all the patients, the pre-
sence of osteoarthritis symptoms was confirmed by clinical exami-
nation, X-ray and MRI. Patients underwent a three-step procedure 
of lipoaspiration, adipose tissue processing using the Lipogems 
device and injection the preparation into the knee. Results were as-
sessed using KOOS, KSS and VAS pain scale before the procedure, 
at 1 week, 1, 3 and 6 months follow-up. 

Results: The improvement of the symptoms occurred few days after 
treatment and increased steadily throughout the whole period of 
our study in KOOS, KSS and VAS pain scale. The results of all KOOS 
subscales showed gradual statistically significant improvement of 
an average of 21.8 points for each subscale. 

Conclusion: Lipogems system for the treatment of osteoarthritis of 
the knee is an easy, safe and effective intraoperative procedure to 
obtain minimally manipulated cell therapy product that retains the 
intact microenvironment in which MSCs thrive and is amenable for 
the use in different clinical settings.

P117
Dissecting the role of the ADORA1/adenosine axis in the synovial 
joints
F. Gullo, S.J. Lee, R. Shkhyan, J. Bogdanov, D. Evseenko  
Los Angeles/United States of America

Purpose: Background Our group has previously reported the role 
of adenosine-producing enzymes in the human synovium. CD73, an 
ecto-5’-nucleotidase, in concert with CD39, an ectonucleoside tri-
phosphate diphosphohydrolase 1, lead to the generation of adeno-
sine (Borsellino et al., 2007). The co-localization of CD39 within the 
CD73+ cell population has identified a subset of chondro-progeni-
tors in the adult human synovium (F. Gullo et C. De Bari; 2003). Ad-
dition of CD39 inhibitor, ARL67156, to TGFb1 treated micromasses 

prevented their chondrogenic differentiation. Even though the ef-
fects of adenosine on articular chondrocytes remain elusive, we 
propose that adenosine is locally produced within synovial joints. 

Methods and Materials: Methods Primary human fetal and adult 
chondrocytes were isolated and subjected to FACS, metabolic ana-
lysis and RNA-seq to assess the role of adenosine signaling in deve-
loping cartilage and normal adult cartilage tissue. 

Results: Results The aim of this study was to investigate the role of 
adenosine receptor 1 (ADORA1)/adenosine in cartilage tissue. Pre-
viously, ADORA1 was reported on a subset of adult articular chon-
drocytes located in the superficial zone. Our immunohistochemical 
analysis confirmed the presence of ADORA1 receptor in the surface 
layer of fetal developing joints. RNA-seq studies carried out at diffe-
rent stages of human development showed the presence of ADORA1 
in fetal articular chondrocytes. Stimulation of ADORA1 receptor by 
its agonist, CCPA, resulted in the overexpression of the hypertrophic 
genes, such as COLX, and increased glycosaminoglycan deposition 
in pellet culture. Bioenergetics studies of the oxygen consumption 
rates (OCR) and extracellular acidification rates (ECAR) showed a 
significant inhibition of the forskolin-induced ECAR and OCR in arti-
cular chondrocytes after CCPA treatment. 

Conclusion: Conclusions. Our preliminary data suggests that ADO-
RA1 serves as a potential regulator of differentiation and metabo-
lism in articular chondrocytes. Further investigation is necessary 
to elucidate the role of ADORA1/adenosine in the human synovial 
joints. 

P118
Clinical and MRI Outcome (MOCART) after ACI-M with an 
innovative procedure - strictly autologous spheroids & self-
synthesized matrix.
W. Zinser  
Dinslaken/Germany

Purpose: To evaluate the efficacy and safety of a stricly autologous 
ACI-M procedure based on spheroids and selfsynthesized matrix.

Methods and Materials: Cartilage is obtained by biopsy from the 
affected joint. Autologous chondrocytes are grown in vitro and to-
gether with self-synthesised matrix they form the product spheroids 
which are reimplanted. We approached 51 (pseudonymised) pati-
ents at a single centre where comprehensive records are kept, from 
pretreatment history to 12 months after implantation. Coprimary 
variables were (i) the International Knee Documentation Committee 
(IKDC) Subjective Knee Evaluation and IKDC Current Health Assess-
ment Form [(ii) ‘physical’, (iii) ‘mental’]. The magnetic-resonance ob-
servation of cartilage-repair tissue (MOCART) score was also used.

Results: Of 51 patients approached, 16 female and 20 male patients 
(age 18–54 years, weight 55–135 kg) consented to use of their data. 
Joint swelling, pain and effusion at baseline were ‘mild’ to ‘severe’ 
with one ‘very severe’ (pain). Mean ‘Subjective Knee Evaluation’ 
improved from 39/100 to 61/100 points (p < 0.0001). Similarly, 
‘Health Assessment (physical)’ showed a 12month improvement 
from 39/100 to 46/100 (p < 0.0001). However, ‘Health Assessment 
(mental)’ showed only a slight improvement. Individual IKDC subs-
cores supported the observation that improvement was associated 
with physical rather than mental well-being. Among 20 patients for 
whom MOCART results were available, repair tissue showed ho-
mogeneous structure for 16 patients, complete filling for 15, com-
plete integration with adjacent cartilage for 14, and intact surface 
for 13 patients.There was a general decrease over time in the oc-
currence of severe joint swelling, pain and effusion. Mild–moderate 
symptoms increased in the 3–6 months following implantation but 
had generally decreased by Month 12 to below pretreatment levels. 
Adverse events were ones expected in connection with the surgery 
procedures. 

Conclusion: The study provided supporting evidence in favour of 
the clinical and radilogical efficacy and safety of this innovative pro-
mising ACI-M procedure with self-synthesized matrix.
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P119
Navigated Intra-articular Ultrasound for Virtual Biopsies of 
Cartilage
A. Moreau-Gaudry1, F. Billet1, D. Girardeau-Montaut1, R. Pailhé1, 
S. Ruatti2, B. Vettier1, G. Custillon1, P. Gaudin1, P. Merloz1, D. Saragaglia1, 
P. Cinquin1  
1Grenoble/France, 2La Tronche Cedex/France

Purpose: The purpose of this study was to show how accurate and 
relevant intra-articular ultrasounds are. It is part of a wider effort to 
produce enhanced cartilage imaging devices, going beyond the lab 
to the OR.

Methods and Materials: Tests were conducted on human cadave-
ric specimens by surgeons from the Grenoble University Hospital. A 
first step consisted in comparing cartilage thickness measured with 
ultrasounds on tibial plateaus to the corresponding slices assessed 
by histology. The second step was the comparison of cartilage thick-
ness between MRI and 2.5D US data on tibial plateaus. The last step 
was to evaluate a navigated, intra-articular ultrasound device in ex-
vivo arthroscopic conditions.

Results: Result 1 : Cartilage thickness measurements are signifi-
cantly correlated between histology and ultrasound (p = 0.016). Re-
sult 2 : The distributions of cartilage thickness measurements from 
MRI and US are similar (mean absolute difference around 10%).

 

Result 3 : The prototype fits well into an arthroscopic procedure: the 
arthroscope-sized ultrasonic transducer is easy to use, sterilizable, 
and does not add more than 5 minutes to a classical arthroscopy. 
The transducers calibration is automated

Conclusion: The prototype we tested shows promising results in ad-
ding a new image modality to the orthopaedic operating room. A cli-
nical trial on live patients is planned early 2015. Starting from this OR-
compliant prototype, new cartilage information will be extracted from 
the data, including but not limited to, cartilage stiffness (elasticity), 
surface roughness, and 0.1mm-resolution 3D mapping of defects. This 
first success paves the way to a complete solution of navigated, multi-
modal arthroscopy to perform virtual biopsies : accessing biomecha-
nical (functional) as well as geometric information about the tissue, on 
the whole surface of the joint, in an ethical non-destructive manner. 
This will benefit both diagnosis and cartilage repair clinical trials.

P120
To quantify the type II collagen of human cartilage by second 
harmonic generation microscopy
C. Hsieh1, F. Chien2, J. Tsai-Wu1, H. Chiang1, Y. Wu1, C. Jiang1  
1Taipei/Taiwan, 2Taoyuan/Taiwan

Purpose: The type II collagen is the most abundant structural prote-
in for articular cartilage. The strength of tissue’s material depends 
on the extensive cross-linking of the collagen and apparent zonal 
changes in febrile architectures with tissue depth. Second-harmo-
nic generation (SHG) microscopy has emerged as a powerful tool to 
image unstained living tissues and probe their molecular structure 
organization. In this study, we quantify the type II collagen of hu-
man cartilage and examine the change of extracellular matrix after 
type II collagenase treatment by SHG microscopy. 

Methods and Materials: Human cartilage was isolated from Oste-
oarthritis patients. The cartilage specimens were treated by colla-
genase for 1, 2, 4, 8, 16 and 24 hours as treatment groups. The cor-
responding cartilage specimens were in PBS for the same amount of 
time as control groups. To monitor and quantify the change of type 
II collagen degradation by collagenase at different time points, the 
two photon excitation (TPE) fluorescence and SHG microscopy was 
used. The collagen fibers were assayed after treatment/untreated 
collagenase by immunohistochemistry.

Results: Multiphoton-induced autofluorescence imaging revealed 
the cartilage specimens were digested by collagenase as time went 
by, but the control groups were unchanged. The correlation coef-
ficient between collagen signal and amount time of collagenase 
treatment is 0.9897. On the other hand, the control groups showed 
no correlation between collagen signal and treated-time. The type II 
collagen fibers of control group were higher than collagenase treat-
ment group using type II collagen antibody in immnunohistochemi-
stry stain.

Conclusion: These results suggest the SHG signal profiling may pro-
ve to be useful fools for the extracellular matrix changes in osteoar-
thritis process.

P121
Aging of articular cartilage: surface topography, 
microarchitecture and biomechanical properties of equine 
cartilage
C. Menard1, R. Vargiolu2, H. Zahouani2, C. Boulocher1  
1Marcy L’etoile/France, 2Ecully/France

Purpose: Aging is a major risk factor for osteoarthritis (OA) but the 
distinction between normal aging of the articular cartilage and early 
osteoarthritis (OA) is not clearly apprehended. The horse is a tar-
get species for OA study and is a useful model in the context of OA 
translational research and clinical transposition to human. This stu-
dy aimed to refine and validate a protocol to further investigate the 
age-related changes in surface condition, mechanical properties, 
and three-dimensional microstructure of cartilage in healthy horses.

Methods and Materials: Metacarpophalangeal joints of a newborn 
foal and a 30-year-old horse were studied. Indentation tests were 
performed using a homemade device with a spherical tip (R=0.485 
mm); the reduced modulus Er was calculated using Hertz theory. 
Articular surfaces were imaged by optic interferometry (Wyco NT 
2000, Veeco); subsequent topographical measurements were ob-
tained using Toposurf® and Topolab®. Finally, the microstructure 
was observed using a dual-photon microscope (NIKON, A1R MP 
PLUS®) with an excitation wavelength of 820 nm and further analy-
zed with ImageJ® and OrientationJ®.

Results: Young modulus was significantly reduced in the aged 
(5,3.106 +/- 6,1.106) compared with the stiffer newborn cartilages 
(14,4.106 +/- 4,4.106). No superficial chondrocytes were observed in 
the old cartilage; site-specific superficial chondrocyte patterns were 
identified in the newborn cartilage. All roughness parameters were 
significantly higher in the old compared with newborn cartilage and 
in metacarpal compared with first phalange cartilage. Figure 1 illus-
trates typical image stacks of dual-photon microscopy showing the 
collagen networks and orientation distribution in superficial cartila-
ge and the loss of superficial elastin network during aging.

 

Conclusion: A protocol relevant from newborn to aged horse was de-
fined to assess cartilage changes in the microscale surface topogra-
phy, architecture and mechanical properties using complementary 
non-destructive techniques. The analysis of articular cartilage from 
horses of different ages will increase our understanding of healthy 
cartilage exceptional properties and age-related modifications.
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P122
A novel fluorescent indicator for evaluating cartilage surface 
damage
S. Mizuno1, Y. Manome2, A. Tsuchiya3  
1Boston/United States of America, 2Tokyo/Japan, 3Funabashi/Japan

Purpose: Early surface degradation and damage in articular cartila-
ge can be overlooked with arthroscopy. We developed a novel fluo-
rescent indicator using indocyanine green (ICG) and cationic protein 
for evaluating surface pathogenesis. We attempted to distinguish 
between those layers using cationic albumin-ICG (CA-ICG) and a 
near-infrared camera.

Methods and Materials: CA was made from bovine serum al-
bumin with anhydrous ethylenediamine, HCl, and 1-ethyl-3-(3-
dimethylaminopropyl)-carbo-diimidehydrochloride (pH 4.7). The CA 
solution was filtered and dialyzed with deionized water for 72 hr at 
4˚C. The CA solution was lyophilized for the experiments. The quali-
ty of CA was determined by isoelectrophoresis and SDS-PAGE. Albu-
min-ICG, CA-ICG, and ICG alone with optimized concentration were 
compared for specificity and intensity against cartilage extracellular 
matrix using a near-infrared camera (ex: 760 nm; em: 810 nm). In or-
der to distinguish between surface and middle layer, full-thickness 
pieces (2 x 2 cm) of normal bovine articular cartilage were removed 
with a surgical blade. To model damaged tissue, the surface layer 
(100-200 µm) was removed using a surgical blade. Then, the carti-
lage pieces were rinsed with saline and incubated with CA-ICG (0.5 
ml) for 10 min followed by a rinse with saline for observation.

Results: The isoelectric point of CA was higher than pI 8 with sme-
ar. The optimal concentration of CA was 0.156 mg/ml (dry weight/
water) and ICG was 0.025 mg/ml. This minimized non-specific bin-
ding of ICG and provided enough contrast at medium gain with the 
infrared camera. With the optimal concentration of CA and ICG, the 
intact control remained unstained (Fig. 1). Bright fluorescence was 
seen the area where half of the surface layer was removed (Fig. 2) 
and where central line surface was removed (Fig. 3).

 

Conclusion: Cationized protein-ICG will be a useful indicator for ear-
ly cartilage damage.

P123
Evaluation of cartilage degeneration by spectroscopy (NIRS). 
Method and systematic review
G. Spahn, G. Felmet, G.O. Hofmann  
Eisenach/Germany

Purpose: The damage of hyaline cartilage ist the most important pa-
thophysiological tool in development of osteoarthritis. Cartilage le-
sions are the most frequent pathologic findings during arthroscopic 
operations. Arthroscopies as well as the magnetic resonance tomo-
graphy are gold standard for detection of cartilage lesions. But the 
arthroscopic evaluation of cartilage lesions is descriptively and sub-
jectively only. The surgeon is able to differentiate between intact 
cartilage surface, softening, superficial or deep fissure or flake and 
finally e complete defect. In routine arthroscopy the grading mostly 
is made by use of different score (e.g. ICRS (Internatational Cartila-
ge Repair Society), Outerbridge, Insall, Jäger-Wirth or others). Be-
cause the arthroscopic evaluation is subjective the reliability of this 
method is poor.

Methods and Materials: Systematic review. Search: [near-infra-red] 
AND [spectroscopy] AND [cartilage]. A total of 10 paper were inclu-
ded.

Results: Spectroscopic methods are established for evaluation of 
different tissue diseases in different indications. The NIRS (near-
infra-red-spectroscopy) became an important method for medical 
diagnostic in the last years. NIR is very energy-rich and suitable for 

glass fibre transport without relevant reduction. Insofar this techno-
logy may be ideal for endoscopic procedures.

Conclusion: Our systematic literature review results that NIRS is a 
sufficient method for an objective diagnosis of cartilage lesions. In 
this current work we demonstrate a NIRS-based device for intraope-
rative, real-time cartilage evaluation. Furthermore we discuss the 
possible clinical consequences from such measurement. 

P124
Electro-Mechanical Characterization of Femoral Articular 
Cartilage
M. Wiewiorski, L. Werner, T. Hügle, J. Geurts, D. Bianco, A. Barg, 
V. Valderrabano  
Basel/Switzerland

Purpose: Arthroscopy is commonly performed to assess size and 
degree of degradation of cartilage lesion of the hip joint. However, 
early changes in cartilage composition cannot be recognized non-in-
vasively with current methods. An innovative arthroscopic measure-
ment tool was recently introduced to measure streaming potential 
in cartilage. Previous studies on knee cartilage suggest that strea-
ming potential is a promising surrogate parameter for cartilage bi-
omechanical properties and histological degradations scores. The 
aim of the present study is to investigate the correlation between 
streaming potentials and biochemical properties of hip cartilage 
using the hand-held Arthro-BST™ device.

Methods and Materials: Eight human femoral heads from patients 
undergoing total hip arthroplasty were harvested. Electromechani-
cal properties (quantitative parameter [QP]) were mapped manually 
ex vivo using the Arthro-BST™ (Biomomentum Inc., Laval, Quebec, 
Canada) (1 measure/site, 5 s/measure). A total of 66 osteochon-
dral cores were then harvested from different areas on the femoral 
heads. Biochemical assays were done to obtain glycosaminoglycan 
(GAG) content.

Results: The QP correlated weakly with GAG per wet weight content 
(r=-0.36, P<0.004).

Conclusion: Non-destructive electromechanical QP measurements 
correlates weakly with biochemical composition of cartilage in fe-
moral head osteoarthritis. Further investigation will assess the cor-
relation of QP measurements with histological Mankin and clinical 
ICRS scores.

P125
Transitional osmotic pressure changes restore anabolic gene 
expression in bovine chondrocytes spheroid
E. Takada1, T. Ogura1, A. Tsuchiya2, S. Mizuno1  
1Boston/United States of America, 2Funabashi/Japan

Purpose: Effects of osmotic pressure (OP) on chondrocyte metabo-
lism have been studied using isolated single-cell and tissue from 
articular cartilage. Those models were useful but limited to repro-
ducing on- and off-loading, longitudinal depth of cartilage, and 
swelling pressure. We used a chondrocyte spheroid model formed 
by specific zone derived cells, and to reproduce on-/off-loading by 
changing different OP mediums. We measured gene expression of 
typical cartilage molecules and evaluated histology in the sphero-
ids.

Methods and Materials: We isolated bovine articular cartilage from 
2- to 3-week-old calves’ forelimbs obtained from a local abattoir. 
The cartilage slices, along with a thin layer of subchondral bone, 
were separated into SZ, MZ and DZ. 1,000 isolated cells were see-
ded into a round bottom, non-adherent 96-well plate and incubated 
for 10 days. At day 10, normal OP medium (370 mOsm) was replaced 
with high OP one (450 mOsm), then changed back to normal OP or 
maintained at the same high OP medium for another 7 days. The 
spheroids were harvested for gene expression profile using TaqMan 
qPCR (collagen type-1: Col-1, type II: Col-2, aggrecan core protein: 
Agg, MMP-13) and for histological evaluation using antibodies (the 
same molecules used for qPCR).
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Results: Isolated chondrocytes from three distinct zones formed 
spheroids after 4 -7 days of culture. ΔOP upregulated Agg by all 
zone chondrocytes (Fig. 1). Col-1 in SZ was upregulated in a greater 
manner compared to other zones. Col-2 in MZ and DZ were upregu-
lated. MMP-13 in DZ was upregulated. In addition, by changing from 
high OP to normal OP, the gene expressions in all zone chondro-
cytes were restored. Immunohistology showed that Col-1, Col-2 and 
keratan sulfate were seen in the spheroids.

Conclusion: Transitional ΔOP restores anabolic gene expression by 
all three zone derived cells.

P126
Hydrogel Models to Investigate the Effects of Varying Surface 
Friction on Chondrocyte Mechanotransduction
C. Meinert, K. Schrobback, T.J. Klein  
Kelvin Grove/Australia

Purpose: Healthy synovial joints exhibit remarkably effective lu-
brication with coefficients of friction (COF) as low as 0.005 – 0.025 
for cartilage on cartilage – a value lower than any other known be-
aring. Acute injury, altered biomechanics, or inflammatory events 
may however result in a reduced lubricating function and initiate 
cartilage degeneration. Despite significant knowledge of the depth-
dependent shear and compressive behaviour of articular cartilage, 
a clear association of frictional properties and resulting tissue shear 
strains, together with the immediate biological responses of chon-
drocytes has yet to be established. We have therefore developed 
an in vitro model system integrating the mechanical and biological 
features of articular cartilage to improve our understanding of me-
chanically-induced chondrogenesis and cartilage pathology.

Methods and Materials: Hydrogels to mimic the tribological proper-
ties of healthy and diseased articular cartilage were developed ba-
sed on photocurable gelatin methacrylamide (GelMA) and hyaluro-
nic acid methacrylate (HAMA). Human articular chondrocytes were 
encapsulated and cultured for up to 14 days. COFs were assessed 
against Teflon in cell culture media over a range of sliding veloci-
ties using a custom reciprocating tribometer. Additionally, hydrogel 
and cellular strains were investigated using a custom microscope-
mounted loading device.

Results: Hydrogels with low friction surfaces exhibited COFs ran-
ging from ~ 0.03 – 0.11, while high friction gels ranged from ~ 0.07 
– 0.2, depending on sliding velocity (Fig. 1). Differences between 
these experimental groups were retained over a culture period of 14 
days. Hydrogel strains under mechanical shear loading were depen-
dent on the tribological properties and significantly higher shear 
strains were observed in groups with high friction surfaces.

 

Conclusion: We have developed a model system that allows for 
tailoring the COF in a chondrocyte compatible hydrogel without 
changing the hydrogel composition. This system will be used in con-
junction with biaxial bioreactors to better understand the effects of 
changes to lubrication on chondrocyte function.

P127
Collagen type IV increases the proliferation of human 
chondrocytes in vitro
H. Lysdahl, M. Lind, C.B. Foldager  
Aarhus/Denmark

Purpose: A specialized matrix known as the pericellular matrix im-
mediately surrounds chondrocytes of articular cartilage. The base-
ment membrane protein collagen type IV is expressed in cartilage 
and it localizes to the pericelluar matrix of the chondrocyte in heal-
thy articular cartilage. The aim of this study was to investigate the 
dose-response effect of collagen type IV on human chondrocytes. 
We hypothesized that collagen type IV would affect the proliferation 
and/or phenotype of the cells.

Methods and Materials: Human chondrocytes were isolated from 
three healthy patients undergoing anterior cruciate ligament re-
construction. Cells in passage one were seeded at 10,000 cells/
cm2 in collagen type IV coated wells and cultured for four days at 
37°C, in a humidified atmosphere of 5% CO2 in a medium consi-
sting of DMEM/F12 supplemented with 10% FBS. Collagen type IV 
coating was performed by incubating the wells with collagen type 
IV (07002, StemCell Technologies) at concentrations of 0, 1, 4, 7, 
and 10 µg/cm2 for two hours at RT before seeding the cells. Cell 
proliferation was measured on day 1 and 4 using a methylene blue 
assay. The phenotype of the cells was evaluated by the expression 
of SOX9 and COLII on day 1 and 4 using qRT-PCR. Data was checked 
for normal distribution using QQ plots, and analyzed using two-way 
ANOVA. The level of significance was p < 0.05.

Results:

 

Collagen type IV coating significantly increased chondrocyte proli-
feration on day 1 and 4 (figure 1). There was no detectable dose-
response relationship. The expression of SOX9 and COLII was signi-
ficantly decreased by all concentrations of collagen type IV on both 
day 1 and 4 (figure 2).
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Conclusion: Since collagen type IV affected both the proliferation 
and phenotype of human chondrocytes these data constitute the 
fundament for further investigations aiming at elucidate the role of 
collagen type IV in cartilage homeostasis, remodeling, and dege-
neration.

P128
Histological analysis of osteoarthritic cartilage explants in the 
presence of pure platelet-rich plasma and IL-1β.
M. Simental, J.F. Vílchez, R. García, S.L. Said, J. Lara, O.F. Mendoza, 
H.G. Martínez  
Monterrey/Mexico

Purpose: To determine the in vitro effect of pure platelet-rich plas-
ma (P-PRP) on the histology of mild osteoarthritic (OA) extracellular 
matrix in a long-term dynamic culture of cartilage explants in the 
presence of interleukin-1 beta (IL-1β).

Methods and Materials: Human cartilage explants and P-PRP were 
obtained from patients undergoing total knee arthroplasty previous 
informed consent. Mild OA explants were selected according to the 
Outerbridge classification system (grade I and II) and cultured in 
spinner flasks with continuous agitation for 28 days. Culture me-
dia was supplemented with autologous P-PRP or fetal bovine serum 
(FBS) and IL-1β. The platelet and leukocyte number were investiga-
ted, and the histological assessment of the cartilage was performed 
according to a modified Mankin’s scoring system. Surface structure, 
cellularity and Safranin-O staining intensity were analyzed. 

Results: The platelet count in P-PRP was 3.6-fold of that of whole 
blood and the number of leukocytes was <600 cells/µL, 13.3-fold 
less than the whole blood average. Explants cultivated with P-PRP 
exhibited the lowest score, with an overall more intense Safranin-O 
staining intensity, a better surface integrity, and an evident increase 
in the number of chondrocytes (21.3% more than control cultivated 
with SBF only), despite the presence of IL-1β.

Conclusion: Histological analysis revealed that treatment with P-
PRP could exert favorable changes in early OA cartilage with the 
possibility of acting as a disease modifying drug by avoiding or re-
tarding cartilage degeneration.

P129
Development of porcine acellular cartilage matrix (ACM) powders 
for cartilage tissue engineering
C. Chen1, J. Yang1, C. Chang2, H.W. Fang1  
1Taipei/Taiwan, 2Banciao/Taiwan

Purpose: More and more studies have developed extracellular ma-
trix (ECM)-derived materials as cell carrier or scaffold for cartilage 
tissue engineering. However, most ECM scaffolds were derived from 
animal matrices; and xenotransplantation-related immune-rejec-
tion or disease transmission might raise serious concerns. Decellu-
larization of ECM with removing cellular and nuclear materials was 
believed to minimize adverse host responses. The aim of this study 
is to develop porcine acellular cartilage matrix (ACM) retaining na-
tural composition for tissue engineering.

Methods and Materials: Cartilage tissues were harvested from por-
cine knee purchased at a traditional market. The decellularization 
method was modified according to previously studies by using phy-
sical, chemical and enzymatic treatments with extensive washing 
steps. The cell suspension containing mesenchymal stem cells 
(MSCs) and ACM powders were mixed together and embedded into 
collagen solution for in vitro cell culture.

Results: We have successfully fabricated porcine ACM powders 
with different size (Fig. 1). There were high portion of GAGs and 
collagen retained in the DNA removed ACM powders. Histological 
results showed a synergistic effect of ACM powders and chondro-
genic growth factors in the formation of engineered cartilage. The 
results of real-time polymerase chain reaction (PCR) suggested that 
ACM powders had the potential of promoting type II collagen gene 
expression.

 

Conclusion: The findings of gene expression suggested that the 
combination of ACM powders and growth factors showed a syner-
gistic effect on dominating chondrogenesis of bone marrow-derived 
MSCs. In summary, porcine ACM powders could serve as a functio-
nal scaffold for cartilage tissue engineering.

P130
Optimization of a Novel Scaffold for Cartilage Repair
T.A. Goldstein, S. Shah, S. Pandit, Z. Parikh, J. Schwartz, L.P. Lavelle, 
A. Datta, H. Liang, D. Grande  
Manhasset/United States of America

Purpose: Our aim is to potentially improve Microfracture (MFX) by 
using a polyester polyurethane-urea (PSPU-U) macroporous matrix 
scaffold that may be conducive to cell infiltration by MSC’s. It would 
allow for a greater uniformity of the repair tissue.

Methods and Materials: In Vitro: A short term degradation scaffold 
and a long term degradation scaffold that will structurally collapse 
after 4 and 16 months, respectively, were used. Articular chondro-
cytes seeded samples were harvested at 3 and 8 days after culture 
and observed with SEM. Cell proliferation was measured with the 
pico green assay. RNA was extracted for gene expression analysis. 
In Vivo surgical method: 30 male Sprague-Dawley rats were used. 
A 1.5 mm osteochondral defect was created midline on the trochlea 
of the femur. The Treatment groups include: 1. Empty osteochondral 
defect 2. PSPU-U scaffold short term 3. PSPU-U scaffold long term. 
Samples were euthinized at 4, 8, and 16 weeks. The rat knees were 
sectioned for histologic examination with Safranin O/Fast green.

Results: In Vitro: SEM observation showed nodules formation in 
the chondrocyte seeded scaffolds. Long term degradation scaf-
fold groups showed higher levels of aggrecan type II collagen ex-
pression. The expressions of both type II collagen and aggrecan 
maintained at a similar level between day 3 and day 8 in each group. 
In Vivo: At 16 weeks, the defects show new subchondral bone for-
mation. As well good bone repair is seen with less cartilage repair 
when long is compared with the short term. After measuring of the 
cartilage defects, the size of defects was seen smaller in the implan-
tation groups compared to control groups.
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Conclusion: In our study, we are able to demonstrate that chondro-
cytes will proliferate on both kinds of scaffolds. While microfracture 
is successful in the regeneration of small cartilage defects, it has a 
wide variance in the quality of the cartilage fill.

P131
Effect of freezing/thawing on PRP Growth Factors’ Release and 
Their Effects on Chondrocytes and Synoviocytes
G. Merli, G. Filardo, A. Roffi, E. Mariani, C. Cavallo, E. Assirelli, 
B. Grigolo, L. Pulsatelli, E. Kon, M. Marcacci  
Bologna/Italy

Purpose: The purpose of this study is to explore the consequence 
of freezing/thawing on PRP molecule release, and investigate the 
possible effects on chondrocytes and synviocytes metabolism.

Methods and Materials: PRP was collected from 10 healthy subjects 
and a half volume underwent one freezing/thawing cycle. After 1 
hour and 7 days of activation some values (IL-1 β, HGF, PDGF AB/
BB, TGF- β1, and VEGF) were tested. Fresh or frozen PRP was added 
to culture media of chondrocytes and synoviocytes and after 7 days 
the proliferation, gene expression, and secreted proteins leves were 
analyzed.

Results: Results demonstrated that in freeze-thawed PRP the early 
and retarded molecules releases were comparable or slightly low-
er than those in fresh PRP. Both after 1 hour and 7 days the con-
centration of TGF-β 1 and PDGF AB/BB were significantly lower in 
frozen PRP, whereas HGF concentration was considerably reduced 
in frozen PRP only at 7 days. Fresh PRP determine an increase of IL-
1β and HGF concentration after 7 days. About gene expression, no 
significant difference was found in chondrocytes cultured with both 
PRPs, whereas the HGF gene expression in synoviocyte was higher 
in frozen PRP.

Conclusion: We concluded that PRP cryopreservation is safe and is a 
procedure that allows to sufficiently keep intact the PRP properties 
to induce the proliferation and the production of ECM components 
in chondrocytes and synoviocytes.

P132
Testing of Human Derived Extra Cellular Matrix for Cartilage 
Regeneration
J. Berkowitz, M. Gott, H. Liang, D. Grande  
Manhasset/United States of America

Purpose: Current treatments for chondral defects result in repair tis-
sue that lacks the same wear characteristics of the native cartilage.

Exceltrix is human extracellular matrix [hECM] derived from newborn 
foreskin fibroblasts. It is rich in structural and functional materials.

Our hypothesis is that chondrocytes grown in hECM augmented cul-
ture will result in more Type II Collagen and Aggrecan production by 
descendant cells, and that hECM augmentation of cartilage defects 
will have enhanced healing.

Methods and Materials: In Vitro: Rat chondrocytes were cultured in 
culture plates with hECM 0.5%, 1% and 2%. 

Histological studies were conducted on day 3. On days 1 and 3, RT-
PCR compared Type II Collagen and Aggrecan expression.

In Vivo: A defect was made in the trochlear groove in male Spra-
gue-Dawley rats down to the subchondral plate bilaterally. Groups 
consisted of defect alone, or defect filled with the hECM material 
grouted flush into the defect. The rats were sacrificed after 6 weeks. 
Macrophotos of the distal femora were obtained.

Results: hECM treated groups showed extensive crosslinks bet-
ween cells, representing increased ECM formation.

 

Figure 1: Rat chondrocytes in control and experimental groups. Cul-
tures approached 100% confluence. Note extensive crosslinks in 
hECM groups. PCR revealed that gene expression for Type II Col-
lagen and Aggrecan were increased relative to controls at day 3. In 
Vivo: The treated groups demonstrated improved healing compared 
to empty defect controls.

 

Figure 3: Macrophotos of control distal femora (left) and hECM trea-
ted cartilage defects (right). 

Conclusion: Gene expression of Type II chondrocytes and Aggrecan 
was shown to be increased in hECM treated chondrocytes, which 
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correlates well with our in vivo results. It can be demonstrated that 
an hECM material can enhance healing of cartilage defects in a rat 
model.

P133
Differences in the migratory, proliferative and chondrogenic 
effect of different PRP preparations on human mesenchymal 
progenitor cells
J.P. Krüger, S. Metzlaff, W. Petersen, U. Freymann, M. Endres, C. Kaps  
Berlin/Germany

Purpose: Platelet-rich plasma (PRP) or autologous conditioned 
plasma (ACP) as an easy to obtain and cost-effective source of auto-
logous bioactive factors get more and more common in orthopedic 
medicine for the treatment tendon and cartilage defects. In this in 
vitro study, we evaluated the migratory, proliferative and chondro-
genic effect of five different PRP/ACP preparations on human sub-
chondral mesenchymal progenitor cells.

Methods and Materials: PRP preparations were obtained by 
apheresis (PRP-A), from buffy coats by centrifugation (PRP-C) or by 
using the commercial separation systems RegenPRP-Kit, Dr.PRP-Kit 
and the Arthrex system (ACP). Progenitor cells were obtained from 
the subchondral cortico-spongious bone of femur heads. Migration 
of progenitor cells was evaluated by chemotaxis assay and proli-
feration was assessed by the measurement of total DNA content. 
Chondrogenic differentiation of mesenchymal progenitor cells was 
performed in high-density pellet cultures with subsequent histo-
chemical staining of typical cartilage matrix components. 

Results: All PRP/ACP preparations significantly (p<0.05) stimulate 
the migration of progenitor cells. All PRP/ACP preparations but one 
(Dr.PRP) have a proliferative effect on progenitor cells as demons-
trated by a significant (p<0.05) increase in total DNA content. Proge-
nitor cells cultured in the presence of 5% PRP-A or PRP-C developed 
a compact and dense cartilaginous tissue that showed typical car-
tilage matrix components like collagen type II and proteoglycans. 
In contrast, mesenchymal progenitor cells stimulated with 5% ACP, 
RegenPRP or Dr.PRP formed fibrous tissue without cartilage matrix 
components.

Conclusion: PRP/ACP obtained by five different preparation me-
thods show different potential to stimulate migration, proliferation 
and chondrogenic differentiation of mesenchymal progenitor cells. 
The three PRP/ACP preparations obtained by commercial separa-
tion systems did not induce chondrogenic differentiation in vitro. 
Our findings may be helpful to choose an effective PRP preparation 
method for a given cartilage repair approach.

P134
Modulation of NF-ΚB-dependent production of inflammatory 
markers in human chondrocytes
S.L. Ownby, S.A. Erwin, L.P. Slider, G.A. Cornblatt  
Edgewood/United States of America

Purpose: Osteoarthritis (OA) pathogenesis has been attributed to 
upregulation of pro-inflammatory mediators such as prostaglandin 
E-2 (PGE2), cytokines, and chemokines in chondrocytes and other 
joint tissues. To modulate inflammation and relieve pain, nonstero-
idal anti-inflammatory drugs (NSAIDs) that block PGE2 production 
via cyclooxygenase (COX-2) inhibition are used. Concern for adverse 
effects of NSAIDs has prompted the use of alternative agents inclu-
ding avocado/soybean unsaponifiables (ASU), glucosamine (GLU), 
and chondroitin sulfate (CS). They are used for joint health ma-
nagement in humans and animals, and in vitro studies demonstrate 
that they inhibit pro-inflammatory gene expression, PGE2 produc-
tion, and matrix metalloproteinase (MMP) activation. We evaluated 
whether we could modulate an induced inflammatory response in 
human chondrocytes with the combination of ASU, GLU, CS, 3-ace-
tyl-11-keto-beta-boswellic acid (AKBA), and epigallocatechin gallate 
(EGCG).

Methods and Materials: Human primary chondrocytes (Lonza) were 
pre-incubated with: control media alone, aspirin (100 µg/mL), or 
the combination of ASU (8.3µg/mL)+GLU (FCHG49®, 11µg/mL)+CS 

(TRH122®, 9.86µg/mL)+AKBA (1.124µg/mL)+EGCG (68ng/mL). Ex-
perimental materials were evaluated at physiologically achievable 
concentrations. Chondrocytes were activated with interleukin-1β 
(IL-1β, 5ng/mL) or lipopolysaccharide (LPS, 10ng/mL). PGE2, IL-6, 
and IL-8 production were measured by ELISA and NF-kB intracellular 
localization determined by immunofluorescent staining. Real-time 
PCR was used to quantify MMP-1, MMP-13, interleukin-6 (IL-6), in-
terleukin-8 (IL-8), and monocyte chemoattractant protein (MCP-1) 
expression.

Results: Chondrocytes stimulated with IL-1β increased 
PGE2, IL-6, and IL-8 production, while pretreatment with the 
[ASU+GLU+CS+AKBA+EGCG] combination resulted in a decrease in 
all three markers. Pretreatment with the experimental combination 
also inhibited IL-1β-induced NF-kB nuclear translocation. Chondro-
cytes pretreated with [ASU+GLU+CS+AKBA+EGCG] and activated 
with IL-1β or LPS showed a decrease in MMP-1, MMP-13, IL-6, IL-8, 
and MCP-1 gene expression when compared to the activated con-
trol.

Conclusion: These results suggest that the 
[ASU+GLU+CS+AKBA+EGCG] combination would be beneficial for 
managing OA through down-regulation of PGE2, cytokine, and MMP 
expression as well as modulation of the NF-kB pathway.

P135
Leukocyte presence does not increase microbicidal activity of 
Platelet-rich Plasma in vitro
E. Mariani, V. Canella, A. Berlingeri, A. Bielli, L. Cattini, M.P. Landini, 
E. Kon, M. Marcacci, B. Di Matteo, G. Filardo  
Bologna/Italy

Purpose: Human platelets represent a rich reservoir of molecules 
and growth factors that promote regenerative processes. In additi-
on, platelets have been associated with antibacterial host defense, 
due to the release of platelet microbicidal proteins (PMP) and multi-
ple chemokines with microbicidal activity. The antimicrobial poten-
tial might be increased by their concentration in platelet-rich plas-
ma (PRP) products and modulated by the presence of leukocytes.
Despite extensive use in clinical procedures, only few studies have 
investigated PRP microbicidal potential. This study aimed at com-
paring the in vitro microbicidal activity of platelets and leukocytes-
enriched PRP (L-PRP) to pure platelet-rich plasma (P-PRP) and the 
contribution of leukocytes to microbicidal properties.

Methods and Materials: The antimicrobial effects of P-PRP and L-
PRP were tested against Escherichia Coli, Staphylococcus Aureus, 
Klebsiella Pneumoniae, Pseudomonas Aeruginosa and Enterococ-
cus Faecalis, as species representing the strains more commonly 
involved in nosocomial infections and potentially involved in bone, 
soft tissue and wound infections. Furthermore, L-PRP was frozen 
(L-PRP cryo) to assess whether the preparation maintained in vitro 
characteristics. Microbicidal proteins released by the three prepara-
tions were also evaluated.

Results: L-PRP, L-PRP cryo and P-PRP generally induced compara-
ble bacterial growth inhibition for up to 4 hours of incubation, with 
logarithmic variations ranging from 1 to 4 log and depending on the 
bacterial strain considered. MIP-1a, RANTES, GRO-a, IL-8, NAP-2, 
SDF-1a and IL-6 resulted to be microbicidal proteins showing strong 
antimicrobial potential. We also showed the possibility to cryopre-
serve L-PRP, without important changes to its effectiveness.

Conclusion: We showed similar antimicrobial activity among PRP 
preparations containing or not the leukocyte component. We confir-
med the possibility to cryopreserve PRP preparations thus allowing 
a single preparation to be used for multiple in vivo administrations. 
The prevalent role of MIP-1a, RANTES, GRO-a, IL-8, NAP-2, SDF-1a 
and IL-6 as mediators of bacterial inhibition was also confirmed.
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P136
The Effect of Hemovisc and Fresh & Cryopreserved Platelet Rich 
Plasma on Human Osteoarthritic Chondrocytes
A.W. Pearsall, Iv, G.L. Wilson, K. Reed  
Mobile/United States of America

Purpose: To evaluate the effect of platelet rich plasma (PRP) and 
Hemovis on human OA chondrocyte viability. 

Methods and Materials: Cartilage specimens were obtained from 
TKA patients. PRP was prepared using the Harvest system. PRP was 
divided into fresh (f-PRP) and frozen (c-PRP). VEGF, PDGF-AB, TGF 
B-1 and FGF-2 were determined for serum, f-PRP and c-PRP. Cells 
were incubated for 24 hours with f-PRP or c-PRP +/- 0.250 ug/ml 
Hymovis.

Results: There was a 6-9X and 3-7X increase in f-PRP & c-PRP plate-
lets. c-PRP VEGF was 2-6X increased. PDGF levels were 3-4X incre-
ased. IGF levels were decreased both f-PRP and c-PRP. FGF levels 
were increased 10-20X and 20-160X for f-PRP and c-PRP respec-
tively. TGF levels were elevated 6-16X for both PRP’s. A statistical 
difference was noted between XO and all PRP groups and Hymovis 
for DNA break frequency. 

Conclusion: In conclusion, we were able to demonstrate relatively 
consistent PRP preparations from multiple donors. Cryopreserving 
and thawing PRP appears to increase PDGF, VEGF and FGF levels 
when compared to f-PRP and baseline serum levels. IGF demonstra-
ted a decrease in levels compared to both PRP’s and sera. TGF-B1 
levels are signficantly increased in both PRP’s compared to serum. 
Based upon these experiments, it appears that freezing and thaw-
ing PRP increases the levels of growth factors except IGF, with only 
FGF levels showing a substantial increase over f-PRP. We found no 
signficant difference in cell viability with both PRP’s or Hymovis; 
however, there was a signficant difference in total cell number for 
control versus all XO + PRP groups. Southern Blot data indicated 
a signficant difference between XO and all PRP + Hymovis groups, 
suggesting that PRP + Hymovis may protect against oxidative da-
mage. Hymovis also appears to stabilize PRP preparations, perhaps 
enabling a more gradual release of growth factors.

P137
Platelet-rich Plasma: does the choice of activation method affect 
the release kinetics of bioactive molecules?
C. Cavallo, B. Grigolo, E. Mariani, A. Roffi, G. Merli, E. Kon, M. Marcacci, 
G. Filardo  
Bologna/Italy

Purpose: Platelet-rich plasma (PRP) is an autologous/biological 
product, recently suggested as useful compound for the delivery of 
high concentrations of growth factors (GFs) in injured tissues in or-
der to promote their healing. However, the lack of standardization in 
PRP preparation procedure could limit its therapeutic employment. 
In particular, the different methods used to activate platelets could 
affect the release and concentration of GFs leading to different ef-
fects. The aim of the present work was to compare several activation 
methods, in order to investigate the levels and kinetics of some of 
the key GFs for the choice of the best protocol for PRP clinical use.

Methods and Materials: A leukocyte-rich PRP (L-PRP) was obtained 
from 10 healthy male volunteers. Activation of PRP was performed 
by: calcium chloride (CaCl2), autologous thrombin, CaCl2 + throm-
bin and Collagen type I. Activated PRPs were incubated for 15, 30 
minutes, 1, 2 and 24 hours at 37°C. Then, the supernatants were 
collected and stored at -80° C until use. Samples were evaluated 
for the release of VEGF, TGF-β1, IL-1β and TNF-α by specific enzyme 
immunoassays.

Results: The comparison of the different activation procedures sho-
wed a different secretion trend according to the activation methods 
evaluated: thrombin and CaCl2 + thrombin induced a higher and 
more stable release of GFs immediately after activation, Cacl2 pre-
sented a more gradual secretion increase, while Collagen activated 
PRP had an overall lower level of GF release. No IL-1β and TNF-α se-
cretion was observed in all samples evaluated.

 

Conclusion: Our study demonstrated that the activation method 
may influence the PRP release kinetics, even if similar levels of GFs 
were produced up to 24 hours. Any of these activators induced this 
L-PRP to promote an “inflammatory” response, as indicated by the 
lack of IL-1β and TNF-α secretion at all the experimental times eva-
luated.

P138
Intraarticular ACP therapy. What can we expect?
M. Borsky  
Pfaeffikon/Switzerland

Purpose: To investigate the short and mid term results of intraarti-
cular ACP therapy in severe knee osteoarthritis.

Methods and Materials: Patients with severe knee osteoarthritis 
qualifying for knee replacement but not yet ready for major sur-
gery are treated by four injections of ACP (double syringe system, 
Arthrex) intraarticularly. Injections are performed once a week. Le-
quesne and VAS score before and four weeks after treatement are 
evaluated. Two years after treatement patients are contacted via te-
lephone. Those not having had a knee replacement in the meantime 
and not requiring pain killers in daily living are considered as mid 
term success.

Results: As far 113 patients were treated, 51 men and 62 women 
aged 63.7 +/- 10.5 years. 15 (13.3 %) showed no effect. Lequesne 
score was 12.1 +/- 4 before and 3.9 +/- 2.7 (p<0.001) after treate-
ment. Thus 75 patients were classified to the extremely severe and 
severe group before treatement whereas after treatement 103 pati-
ents were classified as mild or moderate (p<0.001). Consequently 
the VAS score dropped from 6.7 +/- 1.9 before to 2.2 +/- 1.5 after 
treatement (p<0.001). Two years after treatement 71 patients were 
contacted (no one lost for follow up). 44 of them (62 %) being clas-
sified as mid term success (no knee replacement, no necessity of 
pain killers).
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Conclusion: Intraarticular ACP therapy shows excellent short term 
results reducing significantly the Lequesne score and class as well 
as the VAS pain score. Furthermore the majority of the patients does 
not require major surgery for another two years, thus often postpo-
ning the time of surgery to the age of retirement and avoiding higher 
costs from incapacity to work.

P139
Pure platelet-rich plasma is more effective than acetaminophen 
in the treatment of early knee osteoarthritis: a preliminary 
report.
M. Simental, J.F. Vílchez, J. Lara, S.L. Said, O.F. Mendoza, H.G. Martínez  
Monterrey/Mexico

Purpose: To compare clinical response of acetaminophen and intra-
articular pure platelet-rich plasma (P-PRP) injections in two groups 
of patients with early knee osteoarthritis in a short term follow up 
and evaluate the concentration of IL-1ra in P-PRP.

Methods and Materials: A total of 65 patients with clinically and 
radiographically documented osteoarthritis were included. Oste-
oarthritis was graded using the Kellgren-Lawrence radiographic 
scale. Patients were randomized into two groups: 31 were treated 
with acetaminophen (500 mg/8 hr) during 6 weeks, and 34 received 
three intra-articular injections of autologous P-PRP. An orthopedist 
performed the infiltrations once every two weeks. All patients were 
evaluated with the Visual Analogue Scale (VAS) and Western Onta-
rio and McMaster Universities (WOMAC) score at baseline, 6 and 12 
weeks. Platelet, leukocyte and IL-1ra concentrations were analyzed 
on each P-PRP preparation.

Results: Both treatments showed a significant decrease in VAS pain 
level at 6 weeks (p<0.05), but only P-PRP injections maintained this 
level at 12 weeks. Decrease in P-PRP group was greater than aceta-
minophen group (p<0.01). Patients treated with P-PRP had a signifi-
cant improvement in knee function by week 6 and was sustained at 
week 12 (p<0.01). No significant improvement was observed in pa-
tients treated with acetaminophen (p>0.05). Comparison between 
two total WOMAC scores at 12 weeks indicate a clear amelioration 
in favor of P-PRP (38.9 against 13.4; p<0.01). The average number 
of platelets in P-PRP increased 2.1 times over total blood, whereas 
leukocytes were only 0.52 k/mL, 13.3 times lowers than total blood. 
Therapeutic concentrations of IL-1ra were detected in P-PRP samp-
les (301.0 ±185.4 pg/mL).

Conclusion: Treatment with P-PRP injections showed a significant 
better clinical outcome than did treatment with acetaminophen, 
with sustained lower EVA and WOMAC scores. Therapy with P-PRP 
could modify positively inflammatory joint environment by counter-
act IL-1β action.

P140
Phase II Clinical Trial of Intraosseous Platelet Rich Plasma 
Infiltration for Severe Knee Osteoarthritis: Preliminary results at 
2 months
D. Delgado1, P. Sanchez1, E. Muiños2, B. Paiva2, F. Granero2, E. Anitua1, 
S. Padilla1, F. Prosper2, M. Sanchez1  
1Vitoria-Gasteiz/Spain, 2Pamplona/Spain

Purpose: Platelet Rich Plasma (PRP) has emerged as a promising 
alternative to conventional treatment for knee osteoarthritis. Ho-
wever, there are still some limitations such as its efficacy in high 
degree osteoarthritis. This clinical trial evaluates a new form of PRP 
application that administrates PRP directly into the subchondral 
bone by intraosseous injections.

Methods and Materials: To date, eleven patients enrolled in this 
study were evaluated for the first time 2 months after treatment. 
These patients were diagnosed with knee tibiofemoral osteoarthri-
tis with 3 and 4 grades based on the Ahlbäck scale. They received 
a combination of intraosseous and intraarticular PRP infiltrations, 
and two more intraarticular infiltrations on a weekly basis. Firstly, 
presence of mesenchymal stem cells (MSC) in synovial fluids before 
and one week after intraosseous infiltration was evaluated by flow 
cytometry and cultures of colony-forming cells (CFU-F). The prima-
ry outcome measure was the decrease in knee pain from the base-

line, according to the Knee Injury and Osteoarthritis Outcome Score 
(KOOS). As secondary outcomes, we also assessed the other areas 
of KOOS Scale and safety.

Results: There was a significant decrease of MSC in synovial fluid 
(p=0.019) and CFU-F (p=0.012) one week after the first infiltration. 
Regarding clinical evaluation, there was a statistically significant 
improvement in pain reduction (p=0.003). Concerning the seconda-
ry outcome measures, a statistically significant improvement was 
reached in all the areas. Moreover, no adverse events were reported.

 

Conclusion: These preliminary results show that direct PRP infiltra-
tion into the subchondral bone can be safe and effective for severe 
knee osteoarthritis. Intraosseous infiltration may stimulate the sub-
chondral bone, exploit the cartilage-subchondral bone communica-
tions and modulate MSC activity in order to modify pathogenesis of 
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osteoarthritis. This technique could be an alternative for the pati-
ents before undergoing knee arthroplasty. However, clinical trials 
have to be completed in order to reach the final conclusions.

P141
Administration of PRP with leukocytes does not up-modulate 
intra-articular pro-inflammatory cytokines in Osteoarthritis
E. Mariani, V. Canella, L. Cattini, E. Kon, M. Marcacci, B. Di Matteo, 
G. Filardo  
Bologna/Italy

Purpose: The present study deals with the proteomic characteriza-
tion of PRP containing leukocytes (L-PRP), plasma and synovial fluid 
obtained by subjects affected by knee Osteoarthritis (OA), in order 
to define the main bio-therapeutic characteristics of intra-articular 
injections of PRP on knee homeostasis. Changes induced in the sy-
novial fluid, or on systemic biology have been evaluated by the com-
parison with another commonly used therapeutic approach for knee 
OA: hyaluronic acid (HA) injections. 

Methods and Materials: OA patients were enrolled and treated with 
autologous L-PRP (n.17) or HA (n.17) intra-articular knee injections. 
L-PRP was administered in series of 3 intra-articular injections at 
one-week intervals. Just before the injection a small sample (1 ml) 
of synovial fluid was collected in patients presenting articular effu-
sions. In the same time, a peripheral blood sample was obtained 
and plasma separated. Patients have been clinically evaluated be-
fore the treatment, at 2, 6 and 12 months of follow-up. A periphe-
ral blood sample was also collected at each follow-up time. L-PRP, 
plasma and synovial fluid were tested by multiplex bead-based 
sandwich immunoassay by means of the Bio-Plex suspension array 
system (Bio-Rad Laboratories) for the presence of pro and anti-in-
flammatory cytokines (IL-1beta, IL-6, 8, 17 and IL4, 10, 13).

Results: In general, pro-inflammatory cytokine at basal and after 
treatment levels were similar and anti-inflammatory ones were ne-
arly undetectable. L-PRP and HA administration did not modulate 
significant changes of cytokines concentrations either in synovial 
fluid or plasma, whatever the time points analyzed.

Conclusion: These results suggest that the presence of leukocytes 
did not induce a relevant in vivo up regulation of pro-inflammatory 
mediators, in contrast with the evidences reported by “in vitro” stu-
dies, where the cellular pro-inflammatory response appears to be 
induced. 

P142
PRGF intra-articular knee injections for degenerative 
osteoarthritis improved the knee function at 2-years follow up
M.I. Iosifidis, N. Eftychiakos, P. Tsioulas, E. Iliopoulos, G. Gkikas, 
C. Zidrou, D. Alvanos, A. Kyriakidis  
Thessaloniki/Greece

Purpose: Numerous treatment options have been proposed, in or-
der to delay the natural history of osteoarthritis of the knee. Intra-
articular knee injection with plasma rich in growth factors (PRGF) is 
an alternative to conventional methods. The aim of this study is to 
present the mid-term results of this treatment option.

Methods and Materials: Fifty-five patients (45 women and 10 men, 
mean age of 62.47±9.3 years and mean BMI of 29.7±4.5) with knee 
mild and moderate osteoarthritis (Kellgren-Lawrence I-III) were 
treated with two intra-articular knee injections with PRGF. Twenty-
eight of them had a second treatment course in the 12th month. The 
patients were evaluated before the injections and in 3rd, 6th, 12th and 
24th month after the treatment course. Four subscales (Symptoms, 
Pain, Function in daily living and Quality of life) of the Knee injury 
and Osteoarthritis Outcome Score (KOOS) questionnaire were used 
for the evaluation. Adverse effects and patients’ satisfaction was 
also recorded. The non-parametric Wilcox Signed Ramk test was 
used to determine the statistical significance of the differences bet-
ween the pre- and after the injections values, whereas the indepen-
dent samples t-test was used for statistical analysis of differences 
between groups of patients with one and two courses (p<0.05).

Results: There was a statistically significant improvement in all 
KOOS subscales for the two treatment groups at the end of follow-
up time (24th month). There was a statistical significant difference 
(p=0.04) in KOOS symptoms subscale in favor of the group of pa-
tients having had a second treatment course in 12th month. There 
was no statistical significant difference between the two patients 
groups in the rest KOOS subscales (Pain p=0.2, Function in daily 
living p=0.07 and Quality of life p=0.1).

Conclusion: Intra-articular knee injection with PRGF is a satisfying 
conservative treatment option for degenerative knee osteoarthritis. 
Knee joint function is still improved two years after the injection.

P143
No outgrowth of chondrocytes in particulated articular cartilage 
embedded in fibrin matrix. An in vitro study.
N. Andjelkov1, S. Schüttler2, H. Hamberg1, P. Bjellerup1  
1Västerås/Sweden, 2Eskilstuna/Sweden

Purpose: To test the hypothesis if chondrocytes from particulated 
articular cartilage embedded in fibrin have an active roll in the pro-
cess of cartilage repair.

Methods and Materials: Articular cartilage was obtained from the 
patients undergoing total knee replacement surgery. The biopsies 
were particulated in small, 1-2 mm3 pieces, and embedded in fi-
brin. The specimens were analyzed by optical microscopy after 2-5 
weeks of cultivation in a special construct embedded in cell culture 
medium containing particulated cartilage embedded in fibrin in the 
upper phase, and cancellous bone in the lower phase bellow the 
perforated nylon membrane.

Results: None of the biopsies taken from four different patients sho-
wed the outgrowth of chondrocytes or bone marrow-originated cells 
into the fibrin matrix in our experimental model.

Conclusion: Our data based on this experimental model in vitro 
shows little to support the theory that articular chondrocytes from 
particulated articular cartilage embedded in fibrin have an active 
roll in cartilage repair in its early stage. 

P144
Rejuvenation of subchondral arteries leads to formation of 
fenestrated capillaries and a new cartilage surface
A.R. Dunn  
North Miami/United States of America

Purpose: All present methods opf cartilage repair produce fibrocar-
tilage. The purpose of this paper is to descibe the author’s unique 
method which demonstrates that fetal articular cartilage, a remnant 
of the fetal cartilage skeleton can be regrown. Fibrocartilage a scar 
tissue has a limited life. Fetal articular cartilage is identical to that 
produced during development and can last a lifetime. The author 
wants the production of the scar tissue to stop and be replaced by 
the regrowth of fetal cartilage.

Methods and Materials: Sixteen adult rabbits of mixed sexes were 
subject to trochlear debridement. The right knees were treated with 
injections of purified bovine growth hormone. The left knees were 
treated with injections of saline. No immobilization of the knees was 
carried out and the animals were permitted to move about the animal 
room for one hour daily. The rabbits were euthanized at predeter-
mined intervals, the last being 103 days post surgery and treatment. 

Results: The knees treated with purified bovine growth hormone re-
grew a smooth new articular cartilage surface with vertical rows of 
chondrocytes. This new surface was 100% bonded to the host bone 
from which it grew. Thge knees treated with saline grew a vareity of 
fibrous tissue and fibrocartilage which was poorly if at all bonded 
to the host bone. 

Conclusion: It is possible to regrow a fetal articular cartilage surface 
using intra-articular injections of purified growth hormone. This pro-
cess causes rejuvenation of the subchondral arteries and growth of fe-
nestrated capillaries in their place. These fetal capillaries grow new fe-
tal cartilage and end in producing a new real articular cartilage surface.
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P145
The Use of Hypothermically Stored Amniotic Membrane (HSAM) 
Allograft for Cartilage Repair: A Sheep Study
S.K. Tabet, R. Perez, A. Clark, E. Chapman  
Albuquerque/United States of America

Purpose: Multiple options exist to repair cartilage defects. Multiple 
studies expound on the potential uses of human amniotic tissues 
and cells for tissue repair. Amniotic membranes contain pluripotent 
mesenchymal stem cells that can be influenced to produce chondro-
cytes. This study evaluates the use of hypothermically stored amni-
otic membrane (HSAM) allograft to fill cartilage defects in a sheep 
model. 

Methods and Materials: One sheep was used as a control, four re-
ceived amniotic membrane. One 1cm x 1cm circular cartilage defect 
was created on the trochlear grove in all specimens. Each memb-
rane was sized and laid over the fibrin sealant covered lesion with 
the stromal layer facing the chondral defect. Excess graft tissue was 
then layered back on itself with the remaining tissue now stromal 
layer up. Another layer of fibrin sealant was applied and allowed to 
dry. The knees were harvested at 6 months and underwent histolo-
gical, immunohistological and morphological evaluation based on a 
validated scoring system by O’Driscoll et al. (2001). 

Results: The control defect did not fill in with hyaline cartilage or 
fibrocartilage. Two of the four defects appeared to retain the memb-
rane in the graft group. The defects that received membranes had 
evidence of diffuse chondrocyte-like cell proliferation and showed a 
stromal matrix similar to mixed hyaline cartilage. The graft samples 
showed a near 100% morphological fill in the defect contrasting to 
a 10-15% fill in the controls. The retained grafts all scored 2.5 on a 
0-3 cartilage appearance scale compared with .5 for the controls.

 

Conclusion: Human amniotic membrane has proven to be a source 
of pluripotent cells in a previous study. This study further supports 
that hypothermically stored amniotic membrane (HSAM) allograft 
can be influenced to produce cartilage in defects in a sheep model. 
This study further supports the application in a human model, re-
sults are promising and warrant further study. 

P146
Cartilage repair responders to freeze-dried chitosan implant and 
microdrilling in an aged sheep bone marrow stimulation model
C.D. Hoemann1, J. Guzman-Moràles1, G. Chen1, G. Picard1, D. Veilleux1, 
M.D. Buschmann1, C. Lafantaisie-Favreau1, M.B. Hurtig2  
1Montreal/Canada, 2Guelph/Canada

Purpose: To analyze the resurfacing response to microdrilling in an 
aged sheep model of bone marrow stimulation. We tested the hy-
pothesis that delivery of a novel freeze-dried (FD) chitosan implant 
to bleeding subchondral microdrill holes increases mid-term bone 
remodeling and end-stage cartilage defect resurfacing.

Methods and Materials: Chitosan (80% degree of deacetylation, 80 
kDa, <5 endotoxin units/g) was lyophilized aseptically (Millrock) to 
form solid cakes at 5, 10, and 20 mg/mL. Chitosan scaffold solid-
to-microparticle transition was evaluated in human blood plasma 
using fluorescent chitosan tracer. Full-thickness 10x10mm chondral 
defects were created in the medial femoral condyle of both knees in 
12 sheep, 8 to 9 years old, and perforated with 11 microdrill holes. 
Drill holes in one knee were treated with FD-chitosan; holes in the 
other knee were left to bleed as controls. Sheep were euthanized 
after 1 day (N=2), 3 months (N=5), and 9 months (N=5). Outcome 
measures were clinical signs, macroscopic fill, blinded drill hole re-
pair by µ-CT and ICRS-II histological scoring.

Results: Scaffolds designed to spontaneously disperse as micro-
particles in blood plasma were delivered to individual drill holes 
(Fig. 1A-B). At 3 and 9 months post-operative, drill holes became 
slowly covered with repair tissue, with implant-induced improved 
resurfacing in 4 out of 5 treated lesions (Fig. 1C-D).

 

Initial drill holes (~4mm deep, 2mm2 cross-sectional area) enlarged at 
3 months post-operative (~5.7mm deep, 3.7mm2 area, p<0.005), with 
and without implant, and healed over with bone at 9 months except 
for one animal (sheep #5, Fig. 2A). Implant treatment consistently im-
proved ICRS-II Overall histological scores in 4 out of 5 sheep (Fig. 2B).

 

Conclusion: Hyaline-like cartilage repair can be elicited by microdril-
ling in aged condyles following a bone remodeling phase. FD-chito-
san implant treatment improves the probability of complete bone 
repair and resurfacing between and above drill holes.



Posters195

P147
Medial Versus Lateral Distal Femoral Condyle Osteochondral 
Allograft Topography Matching: Articular Cartilage Thickness
M. Khair, G.L. Cvetanovich, A.K. Tilton, A.B. Yanke, B. Cole, N.N. Verma  
Chicago/United States of America

Purpose: Current methods of cartilage restoration for large femoral 
condyle defects requires the availability of size matched osteochon-
dral allografts. Typically grafts are ordered to match the side and 
laterality, however surface topography data suggests a lateral con-
dyle can be a donor for a medial defect. The purpose of this study 
is to analyze corresponding difference in cartilage thickness when 
osseous topography is matched. 

Methods and Materials: Cadaveric tissue was procured from a do-
nor tissue bank with IRB exempt status obtained. Three femoral 
condyles were prepared according to the company’s standards as 
would be for patient implantation. The specimens underwent CT 
scanning, where the DICOM data was imported into MIMICs soft-
ware. Segmentation of the cartilage and subchondral bone was per-
formed individually creating two distinct point clouds. These were 
then analyzed utilizing a custom written C++ software program (Fi-
gure 1). This allowed for analyzing bony and cartilage congruence 
of distal, central weight bearing and posterior defects sized at 15, 
18, 22, and 25mm. Three femoral condyles were used to compare 
a distal articular condylar defect with 4 defect sizes for a total of 12 
comparisons 

Results: Regarding bony match, the mean least distance (where lo-
wer number equals better congruence) without taking defect size 
into account is 0.5mm (0.4-0.63) in the anterior condyle, 0.51mm 
(0.41-0.63) in the weight bearing region, and 0.55mm (0.45-0.74) in 
the posterior condyle. For cartilage, the mean least distance without 
taking defect size into account is 0.48mm (0.16-1.04) in the anteri-
or condyle, 0.53mm (0.38-0.77) in the weight bearing region, and 
0.45mm (0.21-0.60) in the posterior condyle. 

Conclusion: Our results demonstrate that surgeons can reliably 
utilize lateral femoral condyle osteochondral allografts for medial 
femoral condyle defects up to 25mm in the direct weight bearing 
zones and possibly posterior defects as well without significant car-
tilage thickness differences.

 

P148
Using tissue fragments and bone marrow concentrate for 
cartilage repair
C. Chen1, C. Hsiao1, C. Chang2, H.W. Fang1  
1Taipei/Taiwan, 2Banciao/Taiwan

Purpose: We developed a novel strategy with cartilage fragments, 
synovial membranes and bone marrow concentrate to mimic a knee 
joint environment for one-stage cartilage repair.

Methods and Materials: In this study, the porcine bone marrow 
concentrate was rapidly isolated by using a sucrose gradient. Carti-
lage tissues and synovial membranes were harvested from porcine 
knee joint and were cut into fine fragments. The biological materials 

containing bone marrow concentrate, cartilage fragments and syno-
vial membranes was successfully embedded into fibrin gel solution. 
Finally, the construct was cultured in normal medium without ad-
ding exogenous growth factors.

Results: SEM images showed that the bone marrow concentrate 
cells attached well on the surface and fibrous structures of cartilage 
fragments. Histological results revealed that synovial membranes 
could fill the gap between cartilage fragments and fibrin glue to con-
tribute better integration. The real-time PCR analysis showed that 
the biological construct expressed better gene expressions (Fig. 1). 
Moreover, the type II collagen gene expression increased obviously 
after 28 days of in vitro cell culture (Fig. 2).

 

Conclusion: In summary, the biological construct used in this study 
included cartilage fragments, synovial membranes and bone mar-
row concentrate to provide a biomimetic environment for cartilage 
repair or regeneration. This approach achieved better outcomes of 
chondrogenesis for one-stage cartilage surgery.
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P149
In-vivo cartilage tissue formation by primary chondrocytes 
and bone marrow cells combined with four clinically available 
carriers
R. Polak, W. De Jong, M. Van Den Doel, C. Wilson, J. Hendriks  
Bilthoven/Netherlands

Purpose: INSTRUCT, a single surgery treatment for articular car-
tilage defects that combines intra-operative isolated autologous 
chondrocytes and bone marrow cells, has shown positive safety 
and efficacy outcomes in a 2 year clinical trial results. In the current 
study the cartilage forming capacity was studied in vivo of the cell 
combination with 3 additional clinically available carriers.

Methods and Materials: Human cartilage and bone marrow biop-
sies were retrieved following ethical committee approval. Primary 
chondrocytes and bone-marrow cells were isolated, mixed and see-
ded onto: (C) a collagen type-I/III membrane (Chondro-Gide, Geist-
lich), (H) a hyaluronic-acid-based membrane (Hyalofast, Annika), (I) 
a PEGT/PBT scaffold (INSTRUCT, CellCoTec), or (F) embedded in a 
fibrin gel (Tissuecol, Baxter). The constructs were implanted sub-
cutaneously in nude mice for 8 weeks, analyzed histologically for 
morphology, proteoglycans (PGs) and collagen type II (Coll-II) and 
were scored qualitatively.

Results: Samples from all experimental groups were positive for 
both PGs and coll-II. Samples in the F, C, and I groups were found to 
have comparable levels of PGs. The H group, although still substan-
tial, scored lower for GAGs. Coll-II scores were not significantly dif-
ferent between groups H, C, and I, whereas group F were markedly 
higher. Morphology confirmed staining results.

Conclusion: In-vivo results indicated that cartilage tissue formation 
by the cell combination with carriers H, C, and F were comparable to 
cartilage tissue formation with the INSTRUCT scaffold. The selection 
of a carrier can be based on the carrier’s specific benefits—such as 
mechanical stability, immediate defect filling, arthroscopic delivery 
or autologous treatment. The results shown here provide the sur-
geon with the option to further enhance results obtained with these 
carriers by combining them with a mix of autologous primary chon-
drocytes and bone marrow cells in a single surgical procedure.

P150
The effect of the cross-linked HA for protection of cartilage of 
patients with OA of the knee joints, by Outerbridge classification.
T. Papurov  
Targovishte/Bulgaria

Purpose: Intra-articular hyaluronic acid (HA) injections have been 
used in treating osteoarthritis (OA) for decades. It has been shown 
advantages in the treatment of OA knee pain to the use of non-ste-
roidal anti-inflammatory drugs and corticosteroids. The purpose of 
the study was to compare the level of protection of cartilage after ap-
plication of the cross-linked HA produced by bacterial fermentation, 
compared to patients who received a therapy with non-steroidal anti-
inflammatory drugs and corticosteroids, by Outerbridge classification 
of Chondral and Osteochondral Injuries of the Knee grade I to III.

Methods and Materials: Study was conducted on 80 patients aged 
between 40 and 80 years within one (1) year. Pain, stiffness and 
difficulty in movement were assessed by means of a questionnaire 
completed by the patient before the application of the injection and 
during 1st , 4th ,12th 16th 40th and 50th week after application.

Results: It was observed that there is significant reduction in pain, stiff-
ness and improvement of active movement in patients who have been 
treated with HA. The patients who received treatment with NSAIDs 
(NSAID) and corticosteroids observed typical adverse reactions. For 
the patients who were given intra-articular corticosteroid there is an 
increased risk of worsening osteoporosis and softening of the bone.

Conclusion: The main advantage in applying the HA is the absence 
of adverse drug reactions listed and to stop the wear and tear of car-
tilage. Intra articular HA can also be used in patients with hepatic or 
renal insufficiency. The degree of adverse effects on the application 
of hyaluronic acid on the knee joint is less than 1% which includes 
swelling, reddening, and local irritation of the knee. This adverse 
effect is temporary and it disappears the next day as per our obser-
vation with the patients. 

P151
Bapx1/Nkx3.2 acts as a Chondrocyte Hypertrophy Molecular 
Switch in Osteoarthritis
M.M.J. Caron1, P. Emans1, D.A.M. Surtel1, P. Van Der Kraan2, L.W. Van Rhijn1, 
T.J.M. Welting1  
1Maastricht/Netherlands, 2Nijmegen/Netherlands

Purpose: Osteoarthritis (OA) development involves a shift of the ar-
ticular chondrocyte phenotype towards hypertrophic differentiation 
and mineralization via yet poorly characterized molecular mecha-
nisms. Recently we showed that BMP-7 suppresses hypertrophy 
during chondrogenesis in a BAPX1/NKX3.2 dependent manner[1]. 
We therefore hypothesized that BAPX1/NKX3.2 function is also im-
paired in OA chondrocytes, directly leading to loss of hypertrophic 
protection of the articular chondrocyte, which is central in the chan-
ging chondrocyte phenotype that drives OA.

Methods and Materials: Human articular chondrocytes (HACs; from 
healthy and OA donors) and SW1353 chondrocytic cells were expo-
sed to BMP-7, IL-1β, TNFα or OA synovial fluid (SF) (20% (v/v)). Loss- 
and gain-of-function experiments for BAPX1/NKX3.2 were perfor-
med. Mouse experimental models for OA were used and (immuno)
histochemistry was applied on tissue sections. Gene- and protein 
expression of BAXP1/NKX3.2 and chondrogenic-, hypertrophic- and 
OA related mediators were determined by RT-qPCR and immu-
noblotting. In addition, ALP activity and PGE2 levels were measured.

Results: BAPX1/NKX3.2 expression negatively correlated with expres-
sion of chondrocyte hypertrophic markers (RUNX2, COL10A1, ALP), 
cartilage degrading enzymes (MMP13, ADAMTS5) and inflammatory 
mediators (COX-2, IL-6) in healthy and OA(-induced) chondrocytes. 
BAPX1/NKX3.2 positivity was diminished in articular chondrocytes 
in knee joints from mouse experimental OA. BAPX1/NKX3.2 knock-
down in HACs did not influence SOX9, COL2A1 and ACAN expression, 
but led to an acute hypertrophic shift in the HAC phenotype. BAPX1/
NKX3.2 overexpression decreased hypertrophic gene expression 
in HACs. Furthermore, the hypertrophic OA chondrocyte phenotype 
could be counteracted by overexpression of BAPX1/NKX3.2 (Figure 1) 
and by BMP-7 in a BAPX1/NKX3.2 dependent manner.

 

Conclusion: Our findings indicate that BAPX1/NKX3.2 is involved in 
controlling the hypertrophic phenotype of the post-developmental 
(OA) articular chondrocyte. The characterization of BAPX1/NKX3.2 
as a novel major phenotype-determining switch in OA chondrocytes 
holds the promise to gain a deeper understanding of the origin of 
the OA-associated shift in the phenotypically metastable articular 
chondrocyte. [1]Caron MM et al. OA&C 2013;21(4):604

P152
Adiponectin is not an obesity-related adipokine in osteoarthritis 
but exhibits an inflammatory activity in chondrocytes
D. Mainard, P. Francin, C. Guillaume, N. Presle  
Vandoeuvre Les Nancy/France

Purpose: It is recognized that osteoarthritis (OA) develops in the 
inflammatory environment of adiposity suggesting that adipose-de-
rived proteins, namely adipokines may contribute to the pathophy-
siology of OA. As adiponectin raises questions about its inflamma-
tory effects in joint diseases, we aimed to further elucidate its role 
in cartilage changes associated with OA.

Methods and Materials: The expression of adiponectin was exa-
mined by immunohistochemistry in cartilage obtained from healthy 
individuals and OA patients. The association between its production 
and the grade of cartilage destruction was then established on full-
depth cartilage biopsies. The functional significance of adiponectin 
was determined from the relation between the expression of adi-
ponectin, its receptors, cartilage-specific components and factors 
involved in matrix degradation, and from the chondrocyte response 
to the full-length or the globular form of adiponectin.
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Results: Adiponectin is not detected in healthy tissue but is up-
regulated in cartilage from OA patients. The expression increases 
with the grade of cartilage destruction but without strong associ-
ation. Beside, the production does not depend on obesity but ex-
hibits sexual dimorphism, the highest levels of adiponectin being 
found with cartilage from female OA patients. We showed a positive 
association between the expression of adiponectin and that of mP-
GES and MMP-13. Conversely, its receptor AdipoR1 is related to the 
expression of type 2 collagen, aggrecan and Sox-9. The full-length 
adiponectin, but not the globular form, stimulates the production of 
PGE2 and MMP-13 activity.

Conclusion: The current findings indicate that gender but not obe-
sity modulates the production of adiponectin in OA cartilage. The 
association between adiponectin and inflammatory genes together 
with its stimulatory effects on PGE2 production and MMP-13 activity 
further support the inflammatory role of the adipokine in cartilage 
destruction. However, the relation between the level of AdipoR1 and 
the expression of cartilage-specific components suggests also a 
contribution of adiponectin in matrix remodeling.

P153
The Effect of Impact and Genipin Crosslinking on the Friction and 
Wear of Articular Cartilage
C.M. Bonitsky1, M.E. Mcgann1, S.B. Trippel2, D.R. Wagner1  
1Notre Dame/United States of America, 2Indianapolis/United 
States of America

Purpose: High energy trauma to synovial joints causes mechanical 
damage at the impact sites and can ultimately lead to posttraumatic 
osteoarthritis (PTOA). Our previous work has investigated collagen 
crosslinking of healthy, intact cartilage using genipin as a potential 
therapeutic treatment; we found a reduction in wear for non-toxic 
concentrations. The purpose of this study was to determine whether 
genipin crosslinking is an effective treatment to improve the wear of 
impacted cartilage.

Methods and Materials: Cartilage/bone specimens from bovine 
stifles were impacted via drop tower and the impact energy was 
determined (n=8). Post impact specimens were treated with 0, 2, 
or 10 mM genipin solutions. Impacted/crosslinked specimens and 
control specimens underwent reciprocating pin-on-disk friction 
tests (n=4). Separate specimens underwent identical wear tests for 
48 hours in a square pattern against stainless steel disc (n=6). The 
amount of collagen released to the hydrating fluid due to wear was 
quantified via hydroxyproline assay. Differences were determined 
using a one-way ANOVA with Tukey’s post-hoc test.

Results: The impact energy of 0.89 ± 0.30 J resulted in an increased 
initial coefficient of friction that was not changed by crosslinking 
(Fig. 1). India ink staining and wear quantification indicated that im-
pact damage caused a significant increase in wear, and that the 2 
and 10 mM genipin crosslinking treatments reduced the wear of the 
impacted specimens to levels that were comparable with the non-
impacted controls (Fig. 2).

 

Conclusion: This study investigated a means to improve articular 
cartilage wear resistance after a traumatic injury via genipin cross-
linking. Friction and wear were significantly greater in impacted 
cartilage than in undamaged controls, indicating that the acute 
damage due to impact may directly contribute to the progression 
of PTOA. Additionally, wear resistance was improved by the cross-
linking treatments, suggesting that collagen crosslinking may be a 
promising preventative treatment to slow the progression of PTOA.

P154
In vitro effects of three different classes of anti-inflammatory 
agents on human osteoarthritic chondrocytes exposed to IL-1β
C. Sticozzi1, G. Valacchi1, N.A. Pascarelli2, A. Di Capua2, G. Belmonte1, 
A. Giordani3, M. Galeazzi2, A. Fioravanti2, M. Anzini2, S. Cheleschi2  
1Ferrara/Italy, 2Siena/Italy, 3Monza/Italy

Purpose: The aim of this study was to explore the effects of VA694, 
a promising cyclooxigenase-2 (COX-2)-inhibiting hybrid drug endo-
wed with nitric oxide (NO) releasing properties (NO-COXIB), in com-
parison with Naproxcinod, a COX inhibitor and NO donor (CINOD), 
and Naproxen, a traditional non steroidal-anti-inflammatory drug 
(NSAID), on human osteoarthritic chondrocyte cultures.

Methods and Materials: Human articular cartilage was obtained 
from femoral heads of 5 patients (range 63-71 years) with Osteoar-
thritis (OA) according to ACR criteria undergoing surgery for total hip 
prostheses. The chondrocytes were isolated from the articular car-
tilage using sequential enzymatic digestion. The primary cultures 
obtained were seeded in 6-well plates until confluence. Cells were 
then incubated with two concentrations (1 and 10 µM) of VA694, Na-
proxcinod and Naproxen alone or with Interleukin (IL)-1β (5ng/ml) 
for 48h. We evaluated cell viability, release of prostaglandin (PG)
E2, COX-2 and metalloproteinases (MMP)-3,-9,-13 gene expression, 
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and activation of nuclear factor (NF)-Κb. Statistical analysis was per-
formed by means of an analysis of variance followed by Bonferroni 
multiple comparison tests.

Results: IL-1β-stimulated chondrocytes showed a significant decre-
ase in cell viability (p<0.001). VA694, Naproxcinod and Naproxen 
alone didn’t significantly affect cell viability, while restored cell pro-
liferation in cultures stimulated by IL-1β. The presence of IL-1β deter-
mined a significant increase (p<0.001) in PGE2 levels measured by 
an ELISA assay, and in COX-2, MMP-3,-9,-13 gene expression analy-
sed by RT-PCR. VA694, Naproxcinod and Naproxen, at both concen-
trations analyzed, significantly counteracted the negative effects 
induced by IL-1β. VA694, Naproxcinod and Naproxen pre-treatment 
were able to inhibit IL-1β-induced NFΚB activation, when measured 
as its nuclear translocation (p50 and p65 subunits). Naproxcinod 
and Naproxen pre-treatment didn’t affect cytoplasmic NFΚB levels; 
VA694 decreased the cytoplasmic levels of both subunits.

Conclusion: Our data suggest that VA694, Naproxcinod and Na-
proxen exert anti-inflammatory and chondroprotective effects; 
VA694 seems to have a more efficient effect on NF-ΚB inhibition.

P155
Joint-dependent response to impact and implications for post-
traumatic osteoarthritis
K.D. Novakofski1, L.C. Berg2, I. Bronzini3, E.D. Bonnevie1, S.G. Poland1, 
L. Bonassar1, L. Fortier1  
1Ithaca/United States of America, 2Frederiksberg/Denmark, 
3Padova/Italy

Purpose: Osteoarthritis (OA) affects multiple joints with varying pre-
valence. Traumatic injury can increase the risk of post-traumatic OA 
(PTOA), also with varying prevalence among joints. Differences are 
apparent between joints yet often one or two joints is examined in 
one study and how those results might compare to those of another 
joint can be unclear. Cartilage in eight major joints was evaluated to 
compare cell density, gene expression, and cell death after injury. 
The hypothesis was that cartilage in different joints would sustain 
varying cell death and acquire different anabolic gene expression 
profiles after injury. 

Methods and Materials: Adult equine cartilage explants were har-
vested from eight joints including the shoulder (SH), elbow (EL), 
carpal (CA), metacarpophalangeal (MC), patellofemoral (FP), tarsal 
(TA), metatarsophalangeal (MT), and proximal interphalangeal (PP) 
joints, and were injured by loading with 30 MPa within 1 second. Cell 
density, cell death, and gene expression were quantified.

Results: Cell density was highest in the superficial zone in all samp-
les, with depth of peak superficial zone cell density at 87 µm (95% 
CI 75-99 µm, Figure 1) from the articular surface. MT and MC had the 
highest superficial zone cell density. Cell death in injured samples 
was significantly increased (13.5%, 95% CI 9.1-17.9%) over non-
injured samples (6.8%, 95% CI 2.5-11.1%, p=0.016); however, cell 
death after injury was not different between joints. Gene expressi-
on was significantly different between joints. CD-RAP expression in 
normal cartilage was lowest in FP (Cp=21, 95% CI -80–122, Figure 
2). Yet, after injury, the change in CD-RAP expression increased and 
was highest in FP (147% relative increase after injury, 95% CI 64-
213, Figure 2).

 

Conclusion: Different joints have different baseline characteristics, 
including cell density and gene expression, and different responses 
to injury, including gene expression. These characteristics may 
explain differences in OA prevalence and suggest differences in 
susceptibility to developing post-traumatic OA.

P156
Ascorbic acid improves proliferation of osteoblasts from 
osteoarthritic subchondral bone by attenuating senescence
M. Burger, B. Pippenger, R. Duhr, J. Geurts, I. Martin, A. Barbero, 
K. Pelttari  
Basel/Switzerland

Purpose: The biochemical and biomechanical interplay between 
cartilage and the underlying bone has been ascribed to have a key 
role during the pathogenesis of osteoarthritis (OA). In order to in-
vestigate the role of subchondral bone in the onset and progressi-
on of OA, efficient and reproducible isolation and expansion of the 
subchondralbone residing osteoblasts (OB) is required. Here we in-
vestigate the effect of ascorbic acid-2-phosphate (A2P) supplemen-
tation on isolation efficiency, expansion potential and differentiated 
state of osteoblasts from osteoarthritic subchondral bone.

Methods and Materials: Human OB were isolated from sclerotic and 
non-sclerotic bone regions of the same osteoarthric joint (n=5). A2P 
(0.1mM) was added to conventional culture medium (CM) during 
outgrowth, expansion (up to 5 passages) and osteogenic differenti-
ation. Cell yield and surface marker expression profiles were deter-
mined following outgrowth and the proliferation rate assessed. Ex-
pression of the proliferation marker Ki67, b-galactosidase positive 
senescent cells and reactive oxygen species (ROS) were quantified. 
Osteogenic differentiation was determined by RT-PCR.

Results: Addition of A2P to conventional CM significantly increased 
the number of outgrowing OB from both sclerotic and non-sclerotic 
bone (up to 2.5-fold), as well as their proliferation capacity (more 
than 1.4-fold higher doublings/day and up to 60-fold higher Ki-67 
expression). Expanded cells continued to express differentiated 
OB markers independently of A2A supplementation. This enhan-
ced proliferative capacity showed a negative correlation with the 
amount of senescent cells and was accompanied by decreased de-
tection of ROS.

Conclusion: Addition of ascorbic acid to OB during isolation and ex-
pansion results in higher cell yields and enhances the proliferative 
capacity of the cells by attenuation of cell senescence. OB extracted 
from subchondral bone can now be systematically used to investi-
gate interactions with chondrocytes in OA.
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P157
Impact of the age on the articular cartilage damage in patients 
with femoroacetabular impingement.
M. Kaya, T. Suzuki, T. Yamashita  
Sapporo/Japan

Purpose: The objective of the present study was to investigate the 
association between the patient’s age and hip joint cartilage dama-
ge pattern in patients with femoroacetabular impingement to provi-
de reliable data showing the possible linkage of femoroacetabular 
impingement with the early onset of osteoarthritis.

Methods and Materials: Data were collected from 92 consecutive 
patients with femoroacetabular impingement who underwent hip 
arthroscopy. The chondral lesions were recorded on anatomic ar-
ticular maps using the geographic zone method. The patients were 
divided into four age groups (group1; <20, group 2; 20-40, group 
3; 40-60, group 4; >60) and the incidence of cartilage injury and its 
degree in each grid was compared. Variances of the incidence of the 
full thickness cartilage damages among the groups were assessed 
by ANOVA with Tukey’s honestly significant difference test.

Results: The incidence of the full thickness cartilage damage incre-
ased with age on both the acetabular side and femoral head side. 
On the acetabular side, there were high incidences of full thickness 
defects in the anterior superior zone and the middle superior zone 
in patients of the group 3 and 4. On the femoral head side, there 
were high incidences of full thickness defects in the superior to late-
ral areas of the anterolateral and lateral zones in the elderly groups.

Conclusion: The current study demonstrated an increased preva-
lence of articular cartilage damage in the old patient population. 
Findings indicate the impact of aging for the femoroacetabular 
impingement-associated articular cartilage damages inside the hip 
joint.

P158
Safety and Outcomes Following a Single Autologous Protein 
Solution injection for Knee Osteoarthritis: A Pilot Study
R. Van Drumpt1, W. Van Der Weegen1, K. Toler2, M..M. Macenski2  
1Geldrop/Netherlands, 2Warsaw/United States of America

Purpose: To assess the safety and treatment effects of Autologous 
Protein Solution (APS) for knee OA.

Methods and Materials: Single-arm prospective assessment of sa-
fety and treatment effects (NCT01773226). After EC approval, 11 sub-
jects with unilateral, mild to moderate knee OA (Kellgren-Lawrence 
grade of 2 or 3; mean WOMAC pain score ≥ 2.0) were treated with a 
single intra-articular knee injection. Prior to injection and at 1, 2, 4, 
12, and 26 weeks subjects were physically assessed, WOMAC score 
were completed, adverse event were recorded and tracked. APS was 
processed using the NStride APS Kit (Biomet Biologics, Warsaw, IN, 
USA), resulting in approximately 2.5 milliliters of APS.

Results: Nine subjects (mean age: 57 years, 64% male) reported 
adverse events (81.8%). There were no deaths or serious adverse 
events. Most frequent adverse events were arthralgia (5), joint swel-
ling (5) and joint effusion (4), all likely related to the injection pro-
cedure but deemed not related to the device and characterized as 
“Mild”. One subject withdrew subsequent to continued knee pain. 
Pretreatment mean WOMAC score (2.2) improved steadily through 
12 weeks and remained improved through the 26-week assessment. 
Pain, stiffness, and function subscale outcomes were similar to the 
composite. The initial OMERACT-OARSI responder criteria were met 
73% of the subjects. WOMAC pain subscale mean reduction was 
72% for the entire cohort (89% in the 8 responders). By 12 weeks, 
80% of both physicians and subjects rated the conditionas “very 
much” or “much” improved.

Conclusion: These data show APS has a favorable safety profile, 
with only mild adverse events related to the injection procedure, 
not dissimilar from other injection procedures. Despite the small 
sample size the outcome data look promising, with > 70% of the 
subjects showing a mean 80% reduction in pain. Current treatments 
may temporarily alleviate symptoms but do not address the biologi-
cal mechanism of disease progression.

P159
A Prospective Trial on the Efficacy of an Intraarticular 
Polyacrylamide Hydrogel in Horses with Osteoarthritis: 
A 24-months Follow-up
A. Tnibar1, H. Schougaard2, L. Camitz3, J. Rasmussen4, M. Koene5, 
W. Jahn6, B. Markussen7  
1Taastrup/Denmark, 2Them/Denmark, 3Glumsoe/Denmark, 
4Morud/Denmark, 5Luesche/Germany, 6Bargteheide/Germany, 
7Copenhagen/Denmark

Purpose: The purpose of this two-year multi-centre prospective cli-
nical trial was to investigate the efficacy and duration of action of an 
intrarticular Polyacrylamide Hydrogel (PAAG) for improving clinical 
signs of osteoarthritis (OA) in horses with fetlock or carpal OA. Our 
hypothesis was that lameness scores would significantly improve 
and the effect will last in OA joints treated with PAAG.

Methods and Materials: Forty-three horses older than 2 years with 
OA in only one joint based on clinical evaluation, intra-articular ana-
esthesia and imaging (radiography, MRI) have been included in this 
trial. Horses were injected with 2 ml of PAAG in the affected joint 
and were followed up at 1, 3, 6, 12 and 24 months. Efficacy was eva-
luated by blinded clinical assessment of lameness. Safety assess-
ment of the joint was evaluated. Data relating to case details, type 
of activity, joint and leg involved, lameness duration, lameness sco-
ring, joint effusion scoring, radiographic scoring, and owner assess-
ment were recorded. Factors associated with the outcome measure 
“lameness scoring” were analyzed using generalized linear mixed 
model for logistic regression.

Results: Table 1 summarizes the descriptive data of the study po-
pulation. At 1, 3, 6, 12 and 24 months follow-up, 59%, 69%, 79%, 
81/% and 82.5% of horses were non-lame respectively (Fig.1). No 
side-effect was observed in the treated joints. There was a signifi-
cant decrease in lameness score from baseline to 1, 3, 6, 12 and 24 
months (p<0.0001) and a significant association with joint effusion 
(p<0.0001). Estimates for OR showed that the effect of treatment 
increased over time (OR for lower lameness from month 1 to 24 rela-
tive to baseline increased from 20 to 58).
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Conclusion: PAAG significantly alleviated lameness and joint effu-
sion in OA joints in horses. PAAG is a promising, safe and lasting 
(at least 24 months) new treatment for OA in horses and its further 
evaluation is warranted.

P160
Comparison of physiologic knee joint orientation between 
neutral alignment and constitutional varus in medial end-stage 
osteoarthritis.
P. Vandekerckhove1, N. Matlovich2, M. Teeter2, S. Macdonald2, J. Howard2, 
B. Lanting2  
1Bruges/Belgium, 2London/Canada

Purpose: Neutral coronal plane alignment in total knee arthroplasty 
(TKA) is recognized as the standard of care for clinical outcome and 
survival. Recently, a growing understanding of constitutional varus 
(3-6° varus) has reopened the discussion. The goal of this study was 
to describe the anatomy of neutral coronal plane aligned and con-
stitutional varus aligned patients in both males and females with 
unilateral end-stage medial osteoarthritis.

Methods and Materials: The physiologic axis of 311 patients with uni-
lateral OA of the knee (Charnley type A) was measured to allow divi-
sion into neutral aligned (211) and constitutional varus aligned (100) 
knees. The HKA (Hip Knee Ankle angle) and the contributors to coro-
nal plane alignment; mLDFA (mechanical lateral distal femoral angle), 
MPTA (medial proximal tibial angle), JLCA (joint line convergence an-
gle) and KVPA (knee valgus proximal angle); were defined, analysed 
and compared between both groups and between males and females.

Results: Both mLDFA and MPTA contribute significantly and to the 
same degree to constitutional varus compared to the neutral group 
in the overall population. The mLDFA was significantly more valgus 
in females than males in the constitutional varus group, contribu-
ting less to constitutional varus than MPTA in females. The KVPA 
had significantly more valgus in males than in females in the consti-
tutional varus group.

Conclusion: The mLDFA and MPTA both seem to contribute equally 
to the overall varus alignment in the overall constitutional varus pa-
tients compared to a neutral aligned population. In the female sub-
population of constitutional varus, the MPTA contributes more to 
varus than in men. This information is important when planning for 
osteotomies around the knee in a constitutional varus population. It 
may also indicate a target of correction if deciding to place a TKA in 
a physiologic position and may direct future research discussions.

P161
Structural survival of the knee joint five years after joint 
distraction.
J.A.D. Van Der Woude1, K. Wiegant1, P.M. Van Roermund1, D.B. Saris1, 
R.J. Van Heerwaarden2, S.C. Mastbergen1, F.P.J.G. Lafeber1  
1Utrecht/Netherlands, 2Woerden/Netherlands

Purpose: Purpose: Knee joint distraction (KJD) provides clinical im-
provement and tissue structure modification in knee osteoarthri-
tis and can postpone total knee arthroplasty (TKA)(Wiegant et al, 
2013). We evaluated to what degree these improvements sustain 
5 years after distraction and whether the observed tissue structure 
modification on MRI and x-ray persists at 5 years follow-up?

Methods and Materials: METHODS & MATERIALS: Twenty patients, 
eligible for TKA, were treated with 8 weeks of KJD by use of an exter-
nal fixator. At annual follow-up, clinical outcome was represented 
by survival of the knee joint and WOMAC score. Cartilage thickness 
was quantified on MRI and change in minimum and mean joint 
space width (JSW) on standardized semi-flexed x-rays. In a group 
of patients from the osteoarthritis initiative, matched for Kellgren & 
Lawrence grade at baseline, the ‘natural course’ in cartilage thick-
ness, minimal and mean JSW were determined to compare to our 
patients.

Results: Results: Survival of the knee joint in the 20 patients (age 
49±6; mean±SD) was 80%. A significantly higher total WOMAC indi-
cated persistent clinical benefit (mean, 43.9±14.8 at BL to 62.6±26.8 
at 5 years; p=0.004). The minimum JSW increased by treatment with 
KJD and this was sustained up to five year (table 1). This contrasts 
with the extrapolated natural course of the minimal JSW (table 1). Si-
milar results were seen for the mean JSW and the ThCtAB, although 
less explicit (table 1).

 

Conclusion: Conclusion: TKA can be postponed for at least five ye-
ars in 80% of young OA patients. Significant clinical benefits and an 
increase in cartilage thickness and JSW were still present at 5 years. 
The effects were not as strong as observed 1 and 2 years after treat-
ment, still they represented a significant structural benefit compa-
red to the natural course of the disease. Therefore, joint distraction 
has great potential to effectively postpone TKA.

P162
Six weeks of Knee Joint Distraction: sufficient for cartilage tissue 
repair.
J.A.D. Van Der Woude1, R.J. Van Heerwaarden2, K. Wiegant1, 
P.M. Van Roermund1, D.B. Saris1, S.C. Mastbergen1, F.P.J.G. Lafeber1  
1Utrecht/Netherlands, 2Woerden/Netherlands

Purpose: PURPOSE: In osteoarthritis knee joint distraction (KJD) 
provides clinical benefit and tissue structure modification at 1 year 
and beyond. During the previous regime of an 8-week distraction 
period patients visited every 2 weeks day care practice for tempora-
rily removal of the distraction frame. 8 weeks of intermittent KJD 
with frequent hospital visits is perceived as a considerable burden. 
This study evaluates whether 6 weeks of continuous KJD gives si-
milar tissue structure repair and clinical benefit compared to eight 
weeks of KJD at 1-year follow-up.

Methods and Materials: METHODS & MATERIALS: Both groups 
consisted of 20 patients with knee OA and were treated with 5 mm 
joint distraction by use of an external fixator for 8 weeks with eve-
ry 2 weeks CPM or 6 weeks continuously. WOMAC questionnaires 
were assessed, representing the clinical outcome. Structural out-
come was quantified as mean joint space width (JSW) on standar-
dized semi-flexed x-rays at baseline and one-year of follow-up using 
KIDA (Marijnissen AC, et al. 2008). T-tests were applied to analyze 
change over time.

 

Results: RESULTS: Clinical improvement compared to baseline (BL) 
was observed in both groups. The 6-week group showed a compa-
rable increase from 53±17 points at BL to 76±17 points at one-year 
follow up (p<0.001) as the 8-week group (from 45±16 points at BL to 
77±21 points at the 1-year follow-up; p<0.001). The structural para-
meters revealed parallel improvements between both groups. The 
mean JSW of the most affected compartment of the six-week group 
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increased from 1.80±1.61mm to 2.86±1.59mm at 1 year (p=0.001) vs. 
2.63±1.62mm to 3.55±0.99mm at 1 year (p=0.006) for the 8-week 
group. No significant statistical difference between the two groups 
(p= 0.729) was observed.

Conclusion: CONCLUSIONS: Six weeks of continuous KJD gives si-
gnificant clinical and structural improvement. Moreover, 6-weeks of 
continuous distraction treatment does not lead to a stiffer knee in 
comparison with the ‘intermittent’ 8-week treatment.

P163
The natural history of focal knee cartilage lesions. 10year results
G. Spahn, G.O. Hofmann  
Eisenach/Germany

Purpose: To evaluate the progression of osteoarthritis (end-stage 
disease with a requirement of arthroplasty) in patients with focal 
cartilage defects of the medial knee compartment.

Methods and Materials: Patients (n=115) with focal cartilage lesion 
of the medial knee compartment did undergo arthroscopy. The fol-
low-up was performed 10 years after the operation to determine the 
rate of arthroplasty-conversion and to evaluate associated factors.

Results: In a total of 35 cases a arthroplasty was needed (30.4%). 
The mean-survival to arthroplasty was 93.2 (95% CI 85.4-109.0) 
months. Cartilage defects within the femur and cartilage lesions wi-
thin the patella and the lateral didn’t influence the OA-progression. 
Against significant risk factors for OA-progression were higher pati-
ents age, female gender, overweight or obesity and severe of menis-
cal damage. The most important risk factor was the occurrence and 
the extent of tibial cartilage defects.

Conclusion: In the natural course in about 30% focal cartilage de-
fects of the medial knee compartment undergo rapid OA progres-
sion (arthroplasty as end-stage of the disease). There are general 
risk factors (age, female and obesity) but also local risk factors. Fur-
thermore tibial defects and the extent of meniscus-loss influence 
the outcome significantly. These general and local factors should 
be stronger estimated or addressed in future clinical and scientific 
work.

P164
Severity of cartilage lesions predicts outcome following 
arthroscopic treatment of femoroacetabular impingement in 
middleaged patients
S.J. Herrmann, B. Erdle, N.P. Südkamp, P. Helwig, O. Hauschild  
Freiburg/Germany

Purpose: The concept of FAI assumes that the mechanical conflict 
between proximal femur and acetabular rim leads to cartilage le-
sions with advanced age. Aim of the study was to compare a con-
secutive group of young and middle-aged patients with regard to 
cartilage lesions and outcome after arthroscopic intervention.

Methods and Materials: 112 consecutive patients (range 20 to 65 
years at timepoint of index surgery) who underwent arthroscopic 
treatment of symptomatic FAI with intraoperative evaluation of car-
tilage lesions according to ICRS classification were followed up with 
a minimum of 12 in a retrospective cohort study assessing hip out-
come score (HOS) and rate of conversion to THA. 33 young patients 
(group A, range 20 to 39 years, mean age 30.2 years) were com-
pared to 79 middle-aged patients (group B, range 40 to 65 years, 
mean age 48.6 years) defining preservation of the native hip joint as 
Survivorship in both groups.

Results: Rate of conversion to THA after a mean follow up of 29.6 
months in group A respectively 32.8 months in group B (p=0.247) 
was 3% in group A and 22.8% in group B (Chi square value 0.011, 
odds ratio 9.4). For survivors mean HOS with 85.5 in group A re-
spectively 80.1 in group B (p=0.125) as well as severity of cartilage 
lesions (p=0.128) showed no significant difference. Patients con-
verted to THA showed significant higher grade of cartilage lesions 
(p=0.002).

Conclusion: Compared to young patients middle-aged patients do 
show higher rate of conversion to THA. However, in this consecutive 
cohort middle-aged survivors show comparable functional outcome 
to young patients. Cartilage lesions at time point of arthroscopic in-
tervention are a risk factor for early conversion to THA.

P165
Expectations of Pain Relief in Patients with Osteoarthritis of the 
Knee
L.M. Matheny, K.K. Briggs, J..R. Steadman  
Vail/United States of America

Purpose: The purpose of this study was to identify expectations of 
pain relief in patients with knee osteoarthritis. 

Methods and Materials: 2688 patients(average age=54(SD=14); 
1236 females,1452 males), seeking knee treatment, >18 years, > 
Kellgren Lawrence(KL) grade 1 and complete data were included 
in this study. All patients had complete WOMAC scores, health 
status(SF12), patient expectations. 31%(832) had KL grade 1, 
30%(768) KL grade 2, 24% KL grade 3 and 17%(440) KL grade 4. 

Results: 74%(1979) considered pain relief very important, 
20%(546) somewhat important and 6% little to no importance. 
There was no association between KL grade and pain relief expec-
tation. 10%(280) expected some pain relief, 46%(1235) expected 
relief of most pain, 43%(1153) expected total pain relief. There was 
an association between KL grade and expectation of amount of 
pain relief. 35%(153) with KL 4, 39%(244) with KL 3, 44% with KL 
2 and 50% with KL 1 expected total pain relief(p<0.001). Increasing 
age was associated with increasing KL grade(p<0.001); however, 
age was not associated with expectation of pain relief(p>0.05). 
Pain relief was considered very important in 80% of women and 
69% of men(p<0.001). 92% of women and 88% of men expected 
most/all pain to be relieved(p=0.006). Paitents with moderate/
severe osteoarthritis(KL3/4) had significantly lower SF12(physcial 
component(PCS), mental component(MCS)) scores and higher WO-
MAC scores(p<0.001) compared to KL 1/2 patients. Patients who 
considered pain relief very important had lower SF12 PCS and high-
er WOMAC scores(p<0.001). Patients who expected total pain had 
lower SF12(PCS,MCS) and higher WOMAC scores(p<0.001). 

Conclusion: Most people with some level of knee osteoarthritis con-
sidered pain relief an important expectation of treatment. Expecta-
tions involving pain are associated with gender, but not age, and 
are related to disability level and impact on general health. Patients 
with moderate/severe osteoarthritis don’t expect total pain relief; 
however, they are suffering from increased disability and lower phy-
sical/mental health status. 

P166
A Phase II Clinical Study to Determine the Efficacy and Safety of 
TG-C in Patients with Grade 3 Chronic Degenerative Joint Disease 
of the Knee
M.J. Noh1, M.A. Mont2, R.O. Copeland1, K.H. Lee1  
1Rockville/United States of America, 2Baltimore/United States of 
America

Purpose: TissueGene-C (TG-C) represents a novel technique of cell-
mediated cytokine gene therapy for osteoarthritis treatment using 
localized delivery of allogeneic chondrocytes expressing TGF-β1 
(hChonJb#7) incorporated with untransduced human chondrocytes 
(hChonJ) as 1:3 ratio. A Phase 2 clinical trial was performed to evalu-
ate the safety and biological activity of TG-C in patients with advan-
ced osteoarthritis of the knee joint. Following a single intraarticular 
injection into the joint space of the damaged knee, patients were 
monitored for safety, and an evaluation was performed to assess 
the pharmacokinetics and biological activity of TG-C.

Methods and Materials: A multi-center, double-blind, placebo-con-
trolled, randomized study of adults with Kellgren-Lawrence grade 
3 knee osteoarthritis. A total of 102 patients were 2:1 randomized 
to receive TG-C (n=67) or placebo (2 ml of normal saline (0.9%); 
n=35). We assessed for: (1) efficacy with regard to pain score (VAS) 
and knee functionality and symptoms score (IKDC) of knee osteoar-
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thritis; (2) cartilage regeneration using 3.0 Tesla MRI; and (3) safety 
of administration and the incidence adverse events.

Results: The change from baseline in IKDC and VAS showed signi-
ficant improvement in the TG-C group over the placebo group ba-
sed on the primary analysis of the data. The MRI analysis showed 
cartilage regeneration evidence in TG-C treated patient. The most 
common AEs definitely related to treatment with TG-C were arthritis, 
arthralgia and joint effusion. Four SAEs were experienced, two in 
the TG-C group and two in the placebo group. These SAEs were not 
considered to be related to the study medication.

Conclusion: Patients receiving TG-C had more positive responses 
on the symptomatic improvement measured by IKDC and VAS.. We 
believe that this treatment provides a promising future for the treat-
ment of osteoarthritis. The improvements in knee articular cartilage 
on MRI will translate into improvements in pain and functional out-
comes.

P167
Review of Arthroscopic and Histological Findings Following Knee 
Inlay Arthroplasty
G.G. Markarian1, M. Kambour2, J. Uribe2  
1Naperville/United States of America, 2Coral Gables/United States 
of America

Purpose: Introduction: The phenomenon of cartilage rim loading 
in defects exceeding the threshold diameter of 10 mm is well do-
cumented. Contoured defect fill offloads the perimeter and coun-
teracts further delamination and progression of defects. When 
biological procedures have failed, inlay arthroplasty follows these 
concepts. The human biological response to contoured metallic sur-
face implants has not been described. 

Methods and Materials: Materials and Methods: Four patients, 2 
males, 2 females, with an average age of 55.5 years (range: 49-67 
years) were treated for bi- (n=3), and tri-compartmental (n=1) knee 
arthrosis without subchondral bone collapse. At an average follow-
up of 16.3 months (range: 2-25 months), second look arthroscopy 
was performed for reasons unrelated to the implants. At this time, 
joint status and the cartilage-implant interface were assessed 
across all nine prosthetic components. Histological specimens were 
obtained from two subjects

Results: Results: Arthroscopic probing showed neither signs of 
implant-cartilage gap formation, loosening, nor subsidence. The 
implant periphery was consistently covered by cartilage confluence 
leading to a reduction of the original defect size diameter. Femoral 
condyle cartilage flow appeared to have more hyaline characteri-
stics. Trochlear cartilage flow showed greater histological variabi-
lity and less organization with fibrocartilage and synovialized scar 
tissue

Conclusion: Conclusion: Inlay knee arthroplasty shows solid fixati-
on, defect fill and restoration of the native joint contour. Integration 
into the host tissue with a positive biological response from the na-
tive cartilage periphery was observed.

P168
Does the severity of cartilage lesions correlate with quality of life 
in patients with ankle arthritis?
C. Angthong  
Pathum Thani/Thailand

Purpose: This study is to propose the relationship between the se-
verity of cartilage lesions via radiographic staging and the quality of 
life via validated scores in patients with ankle arthritis.

Methods and Materials: An evaluation was conducted on 41 pati-
ents who had developed ankle arthritis from various causes. Forty 
one patients were divided into four groups in accordance with their 
severities of cartilage lesions via radiographic staging (Takakura’s 
classification: grade I-early stage, 6 (14.6%) patients; grade II-mo-
derate stage, 14 (34.1%) patients; grade III-severe stage, 7 (17.1%) 
patients; grade IV-end stage, 14 (34.1%) patients). Medical records 
of each patient were reviewed to collect pre-treatment visual ana-

logue scale foot and ankle (VAS-FA) validated score, health-related 
quality of life validated score as ascertained from short-form 36 (SF-
36), and baseline data.

Results: Mean age of patients was 57.4 years. There were 22 (53.7%) 
males and 19 (46.3%) females. Posttraumatic (36.6%) and primary 
osteoarthritis (34.1%) were the most common causes of ankle ar-
thritis in this syudy. Only SF-36 scores were significantly negative 
correlated with radiographic grades in Takakura (Spearman’s rho 
correlation coefficient= -0.42; p = 0.007) classification. This means 
higher severity of cartilage lesions correlates with lower quality of 
life via SF-36 assessment. There was no significant correlation bet-
ween level of VAS-FA scores and radiographic grades (Spearman’s 
rho correlation coefficient = -0.26, p = 0.10).

Conclusion: Poorer conditions of ankle cartilage reflecting via 
poorer radiographic grades in ankle arthritis were significantly cor-
related with poorer quality of life which reflected via SF-36 scores. 
Radiographic grading via Takakura’s classification is recommended 
to be the validated measurement to demonstrate the different se-
verity of ankle cartilage lesions which significantly correlates with 
clinical impairment.

P169
A Radiographic Sizing Algorithm for Tibial Plateau 
Osteochondral Allografts
W.C. Graham1, K. Mccullough2, D. Flanigan3, C. Lattermann4, D. Piasecki5  
1Santa Monica/United States of America, 2Leawood/United States 
of America, 3Columbus/United States of America, 4Lexington/
United States of America, 5Charlotte/United States of America

Purpose: Many factors affect the outcome of osteochondral allo-
graft procedures, regardless of anatomic location. Accurate size 
matching the donor to the recipient, while intuitively essential, re-
mains incompletely investigated. With regards to tibial plateau al-
lografts, to our knowledge there are no published sizing algorithms 
to direct pre-operative planning. This study sought to establish a 
sizing algorithm for tibial plateau osteochondral allografts using 
standard radiographic landmarks, with tolerances similar to those 
accepted for sizing meniscal allografts.

Methods and Materials: Ten fresh frozen cadaveric knee specimens 
were studied. Plain radiographs with AP plateau (15-degree caudal 
tilt) and standard lateral views were obtained. After disarticulation 
high-resolution digital photographs were taken of each medial and 
lateral plateau. Calibrated measurements were made determining 
the gross coronal and sagittal dimensions of each hemi plateau. 
These measurements were correlated with the coronal and sagittal 
dimensions measured from the radiographs. Because of the over-
lapping medial and lateral plateaus on the lateral radiographic view, 
it was assumed that reliable distinction of each compartment would 
not be possible. Thus, a single sagittal dimension measurement 
was made. Correlation coefficients and standard deviations were 
analyzed determining the accuracy of the radiographic compared 
with the gross morphologic measurements. A correction factor was 
determined for the sagittal dimension of each hemi-plateau.
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Results: The radiographic and gross measurement correlation co-
efficients with standard deviations are presented in Table 1, with 
resultant sizing algorithm presented below. 

Table 1

Correlation Coefficients(SD) 

Medial Plateau Width 1.026(0.061) 

Medial Plateau Length 0.921(0.066) 

Lateral Plateau Width 1.038(0.072) 

Lateral Plateau Length 0.778(0.074) 

Sizing Algorithm

Medial Plateau Width(AP)= 1.0xRadiographic 
Measurement+/-6.1% 

Length(Lat)= 0.9xRadiographic 
Measurement+/-6.6% 

Lateral Plateau Width(AP)= 1.0xRadiographic 
Measurement+/-7.2% 

Length(Lat)= 0.8xRadiographic 
Measurement+/-7.4% 

Conclusion: From this study, we propose a sizing algorithm for tibi-
al plateau osteochondral allografts using 15-degree caudal tilt AP, 
and standard lateral radiographs measurements, facilitating pre-
operative planning with tolerances comparable to the gold standard 
sizing algorithm for isolated meniscal transplants.

P170
Self-assembling Osteochondral-like Constructs Formed using 
Bone Marrow Stromal Cells and a Bone Substitute
W.D. Lee1, M.B. Hurtig2, R.M. Pilliar1, W.L. Stanford3, R. Kandel1  
1Toronto/Canada, 2Guelph/Canada, 3Ottawa/Canada

Methods and Materials: Sheep BMSCs were differentiated to chon-
drocytes on membrane cultures [1], isolated from this tissue, and 
grown on the top of hydroxyapatite-coated porous calcium poly-
phosphate (CPP) bone substitute in the presence of triiodothyro-
nine (T3). T3 was withdrawn after 4 days, and additional differen-
tiated chondrocytes were cultured on top of this construct. Tissues 
were harvested at 21 days and characterized.

Results: Cells formed cartilage tissue integrated with the top por-
tion of the porous CPP (Fig.1A). Two distinct zones were observed: 
hyaline cartilage rich in glycosaminoglycan and collagen type II; 
and calcified cartilage interfacing with the substrate that additio-
nally accumulated mineral and collagen type X (Fig.1B-E). No type I 
collagen was detected.

 

Constructs with the calcified interface had no significant difference 
in their equilibrium compressive modulus as compared to native 
sheep osteochondral tissues (p=0.15) and exhibited a significantly 
higher interfacial shear strength compared to control without a cal-
cified zone (Fig.2).

 

P171
Pre-Clinical Testing Platform for the Development and 
Optimization of Implants for Cartilage Defects
T. Chen, H. Guo, S. Yodmuang, C. Brial, M. Mccarthy, S. Maher, 
R.F. Warren  
New York/United States of America

Purpose: Our goal was to develop a platform of tests that could 
systematically and rigorously assess the functional consequences 
of implant and scaffold design variables intended for articular car-
tilage repair. 

Methods and Materials: Our candidate osteochondral device con-
sisted of a solid core (intended to withstand physiological loads), 
a concentric porous periphery (to integrate with articular cartilage), 
and a porous base (for fixation into bone). Cartilage-Scaffold Inte-
gration: An in vitro bioreactor system was used to assess the effect 
of press-fit, and timing and duration of loading on interface inte-
grity. Withstanding physiological loads: Knee joint contact stresses 
were quantified in eight human cadaveric knees, subjected to gait. 
Optimal implant stiffness values were identified by analyzing how 
contact mechanics changed when implants of different stiffness 
were inserted into a surgically created defect. Interfacing two layers 
of an osteochondral implant. A finite element model (FEM) of the 
intact knee was created and implant interfacial strength require-
ments were defined to ensure that it could withstand gait loads.

Results: Our in vitro tissue culture model identified a press fit of 
15%, and a porosity of 60% that resulted in optimal cartilage-hydro-
gel integration (Fig. 1). The cadaveric model identified implant core 
stiffness values of 0.4 MPa which could restore contact mechanics 
to that of the intact knee (Fig. 2A&B). The FEM characterized peak 
cartilage-bone interface stresses of 2.7 MPa, which occurred in the 
early stance phase (Fig. 2C); and implant geometries and moduli 
were designed with failure strengths to exceed this value.
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Conclusion: By way of a novel computationally augmented, cada-
veric, and bioreactor test system, we identified the features of an 
osteochondral implant that were required to ensure its ability to 
mechanically function in the joint and to integrate with the host tis-
sue. Our goal is to expand this platform of tests for the analysis of 
other cartilage and osteochondral devices.

P172
Autologous Dual-Tissue Transplantation leads to osteochondral 
repair one year postoperative
B.B. Christensen1, C.B. Foldager2, J. Jensen1, M. Lind1  
1Aarhus/Denmark, 2Boston/United States of America

Purpose: Articular cartilage has a very limited potential for sponta-
neous regeneration, due to the avascular nature of the tissue and 
involvement of the subchondral bone. Numerous treatment me-
thods have been implemented, among them synthetic osteochon-
dral plugs, the MACI-sandwich technique and mosaicplasty, but no 
gold standard treatment has been established. We introduce Auto-
logous Dual-Tissue Transplantation (ADTT): An easily applicable, 
low cost treatment option for osteochondral repair.

Methods and Materials: Eight patients (age 31 years, range: 22-43) 
suffering from osteochondral defects of the medial femoral condyle 
were enrolled. The injury area (mean size 3.8 cm2, range 1.8-6.2 cm2) 
was debrided and the osteochondral defect was filled with autolo-
gous bone from the proximal tibia, to the level of the adjacent carti-
lage. Cartilage biopsies from the intercondylar notch, was chipped, 
and the cartilage chips were embedded in fibrin glue in the defect. 
The stability of the treatment was tested with continuous full range 
motions, and the incision was closed. The patients were evaluated 
pre-operatively and one year post-operatively using MRI, CT, and 
clinical scores (KOOS, IKDC and Tegner)

Results: A statistical significant improvement after one year was 
found in the IKDC score (from 38.9 – 68.1, p<0.01), the Tegner score 
(2.6 – 4.7, p<0.05) and KOOS pain, symptoms, sport/rec and quality 
of life (p<0.05). The MOCART MRI score improved from 22.5 to 52.5 
(p<0.01). CT imaging showed very good defect filling, with an une-
ven bone surface.

Conclusion: Treatment of osteochondral injuries in the knee with 
ADTT resulted in significant clinical and radiological improvements 
after one year. Despite the limited number of patients and the short-
term follow-up, this study highlights ADTT as a promising treatment 
option for osteochondral injuries. 

P173
Effect of Previous Cartilage Surgery Failure on Short-term Patient 
Reported Outcomes following Knee Osteochondral Allograft
C.E. Whale, C.G. Mattacola, C.P. Starnes, C. Lattermann, J.S. Howard  
Lexington/United States of America

Purpose: Osteochondral allograft(OCA) procedures are utilized for 
large osteochondral defects or when other surgical procedures have 
failed. In other cartilage procedures history of cartilage surgery has 
been reported to lower outcomes; however, the effect of previous 
surgery on OCA outcomes is unknown. Our purpose was to evaluate 
the effect of previous cartilage surgery on outcomes following OCA. 

Methods and Materials: Patients who underwent an OCA procedu-
re were identified from an orthopaedic registry. Patients prospec-
tively completed the International Knee Documentation Committee 
Subjective Knee Form(IKDC) pre-operatively, 3-months, 6-months, 
and annually post-surgery. The medical records for patients repor-
ting previous knee surgery were reviewed for history of cartilage 
surgery. Patients were categorized as having previous cartila-
ge surgery(PCS) or no previous cartilage surgery(NPCS). A linear 
mixed-model was used to compare changes in IKDC score between 
groups (PCS, NPCS) and over time (preoperative, 3-month, 6-month, 
last-available)(p<.05) adjusting for preoperative scores.

Results: Forty-five patients were included, 18 PCS (age=32+10yrs, 
BMI=24+5, gender=13F,5M, follow-up=2.2+0.9yrs) and 27 
NPCS (age=28+10yrs, BMI=24+6, gender=12F,5M, follow-
up=2.0+0.9yrs) (p>0.05). There were main effects for group 
(p=0.043) and time (p=0.001) with no group-by-time interac-
tion (Figure). Mean scores by group were (PCS=44.69+14.89, 
NPCS=54.29+14.98). Mean scores for time were (Pre=36.45+18.49, 
3m=49.5+17.80, 6m=56.6+17.84,last-available=55.2+17.98). The 
majority of patients reported that the surgery met expectations 
(PCS=65%,NPCS=78%) and that they would have the surgery again 
(PCS=71% NPCS=91%).

 

Conclusion: IKDC scores for both groups improved over time, but 
overall were reduced in the PCS group. The observed differences 
between groups approach or exceed previously published IKDC mi-
nimally clinically important difference values, suggesting a clinically 
meaningful difference in patient function exists between groups. It 
is unclear if the reduced scores are due to the previous surgery or 
underlying factors contributing to the failure of the previous carti-
lage repair. The observed reduction in scores may indicate that pa-
tient outcomes after fresh OCA transplantation are negatively im-
pacted by previous cartilage procedures. 



Posters205

P174
Comparative study of open freehand mosaicplasty versus 
arthroscopic freehand mosaicplasty: Measuring instrument 
deviation
D. Koulalis1, N.A. Stavropoulos1, M. Citak2, P. Di Benedetto3, 
P. O’ Loughlin4, A.D. Pearle5, D. Kendoff2  
1Athens/Greece, 2Hamburg/Germany, 3Udine/Italy, 4Dublin/Ireland, 
5New York/United States of America

Purpose: The purpose of this study was to compare an open free-
hand technique versus arthroscopic one for the treatment of oste-
ochondral lesions, by measuring the instrument deviation, quan-
tifying this deviation and providing numerical information on the 
difference in the outcome of these techniques; Navigation system 
was used as an aid ostensibly to measure the graft placement pa-
rameters.

Methods and Materials: Four cadaveric knees were used. Reference 
markers were attached to the femur, tibia and donor/recipient site 
guides. A total of ten osteochondral grafts were harvested and in-
serted into recipient sites arthroscopically as long as ten similar 
grafts were inserted freehand. The angles of graft removal and 
placement were calculated for each of the surgical group compared

Results: Statistical analysis revealed that there were no statistically 
significant difference between the two methods, arthroscopic one 
and free hand, regarding the angle of graft removal at the donor’s 
site (p=0.162 ), recipient site plug removal angle (p=0.731) and re-
cipient site graft placement angle (p=0.630). In the freehand group, 
the mean angle of graft removal at the donor site was 12 °, of reci-
pient site plug removal was 10.7°, of recipient site plug placement 
was 10.6°. Using the arthroscopic technique, the mean angle of graft 
removal at the donor site was 17.14°, of recipient site plug removal 
was 12.0° and of recipient site graft placement was 10.14°.

Conclusion: Controversy exists whether open or arthroscopic OATS 
technique provides superior accuracy. According to our results, 
there is no statistically significant difference in terms of providing 
better visualization, precision and accuracy either for the freehand 
of for the arthroscopic technique. Larger number of specimens are 
required.

P175
Effects of Ganglioside GM3 on the differentiation of human 
synovium-derived mesenchymal stem cells into chondrocytes
J. Ryu, Y.I. Kim, Y.S. Kim, Y.J. Choi, Y.G. Koh  
Seoul/Korea

Purpose: Gangliosides are sialic acid-conjugated glycosphingoli-
pids that are believed to regulate cell differentiation as well as the 
signals of several signal molecules. These compounds are localized 
in a glycosphingolipid-enriched microdomain on the cell surface 
and regulated by the glycosphingolipid composition. Transforming 
growth factor-beta (TGF-β) plays a critical role in chondrocyte dif-
ferentiation. However, the role that gangliosides play in chondro-
genesis is not yet clearly understood, therefore, in this study, the 
relationship between gangliosides and TGF-β activation was inve-
stigated during chondrocyte differentiation in human synovium-
derived mesenchymal stem cells (hSDMSCs).

Methods and Materials: First, we identified characterization of 
hSDMSCs by FACs analysis. Ganglioside GM3 was applied to induce 
the hSDMSCs during chondrogenesis. During chondrocyte differen-
tiation, we analyzed expression of chondrogenic markers, histologi-
cal analysis, and glycosaminoglycan (GAG)/DNA ratio

Results: During chondrogenic differentration, chondrogenic mar-
kers such as, Aggrecan, Sox-9, Cartilage oligomeric matrix protein 
(COMP), Collagen II and Collagen X, were highly expressed in GM3 
treated group. Also, in pellet culture, the differentiated cartilage tis-
sues were larger, and toluidine blue and safranin-O were highly de-
tected compared to non-treated group. Chondrogenic markers and 
glycosaminoglycan (GAG)/DNA ratio was highly expressed in GM3 
treated group.

Conclusion: Our results suggest that gangliosde GM3 may be use-
ful for the development of therapeutic agents to promote cell-based 
cartilage regeneration in RA or OA

P176
Hypoxic culture of bone marrow mesenchymal stem cells 
enhances in vitro chondrogenesis within collagen and hyaluronic 
acid scaffolds
T.D. Bornes, N.M. Jomha, A. Mulet-Sierra, A.B. Adesida  
Edmonton/Canada

Purpose: Hypoxic culture of bone marrow mesenchymal stem cells 
(BMSCs) has been shown to enhance hyaline-like cartilage formati-
on within in vitro pellet, micromass and hydrogel models, although 
this effect has not been elucidated in detail within porous scaffolds. 
The objective of this study was to assess the effect of hypoxia on in 
vitro chondrogenesis of BMSCs seeded on two clinically approved 
porous scaffolds. It was hypothesized that hypoxic isolation/expan-
sion and differentiation would improve BMSC chondrogenesis on 
each scaffold.

Methods and Materials: Ovine BMSCs were isolated and expanded 
to passage two under hypoxia (3% oxygen) or normoxia (21% oxy-
gen). Cell doubling indices, colony forming characteristics and trili-
neage differentiation potential were assessed. BMSCs were seeded 
at 10 million cells/cm3 on cylindrical scaffolds composed of either 
collagen I sponge or hyaluronic acid (HA) fibers. Chondrogenic dif-
ferentiation was performed in a defined medium under hypoxia or 
normoxia for 14 days. Thereafter, gene expression was quantified 
with RT-PCR and matrix deposition was assessed with safranin O 
staining and dimethylmethylene blue absorbance.

Results: Isolation/expansion under hypoxia resulted in faster popu-
lation doublings per day (p<0.05), while cell and colony counts were 
not significantly different (p=0.60 and 0.30, respectively). Differen-
tiation to cartilage, bone and adipose was demonstrated. Collagen 
and HA scaffolds seeded with BMSCs that were isolated, expanded 
and differentiated under hypoxia exhibited superior aggrecan and 
collagen II gene expression (p<0.05), glycosaminoglycan (GAG) 
quantity (p<0.05) and proteoglycan staining [Fig. A] in comparison 
to normoxia. Dampening of chondrogenesis by normoxic isolation/
expansion was partially recovered by hypoxic differentiation on col-
lagen but not HA scaffolds. GAG/DNA was significantly augmented 
with hypoxic isolation/expansion (p<0.01) [Fig. B].

 

Conclusion: BMSC-seeded collagen and HA porous scaffolds displa-
yed enhanced in vitro chondrogenesis with exposure to hypoxia du-
ring isolation, expansion and differentiation. Accordingly, hypoxic 
culture of BMSCs may play a role in improving cartilaginous tissue 
formation following transplantation of BMSC-seeded scaffolds.
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P177
The infra-patellar fat pad as a source of stem cells for cartilage 
regeneration
P. Hindle, N. Khan, L.C. Biant, B. Péault  
Edinburgh/United Kingdom

Purpose: Prospectively isolated perivascular stem cells (PSCs) have 
demonstrated increased purity and immaturity with greater en-
graftment potential than culture-derived mesenchymal stem cells 
(MSCs). MSCs from the infra-patellar fat pad (IFP) have previously 
demonstrated increased chondrogenic potential. This study investi-
gated the availability and potential of PSCs harvested from the IFP 
of the human knee for musculoskeletal regeneration.

Methods and Materials: Tissue sections stained with haematoxylin 
and eosin and Picrosirius Red identified the vascular structures wi-
thin the IFP. Immunohistochemistry was used to identify the in vivo 
location of PSCs as well as their relation to endothelial cells.

 

Pericytes(CD31-CD34-CD45-CD146+) and adventitial cells(CD31-
CD34+CD45-CD146-) were isolated using enzymatic digestion follo-
wed by fluorescence-activated cell sorting(FACS) from patients un-
dergoing knee arthroplasty(n=13) or using an arthroscopic shaver 
during anterior cruciate ligament reconstructions(n=10).

Results: The cell viability of the stromal vascular fraction(SVF) was 
88%, pericytes and adventitial cells made up 3.8% and 21.2% of the 
SVF respectively. The SVF was also cultured without FACS sorting 
to obtain culture-derived MSCs. The mean number of pericytes and 
adventitial cells isolated were 4.6±2.2x104 and 16.2±3.2x104 respec-
tively, this equated to 7.9±4.4x103 and 20.8±4.3x103 cells per gram 
of harvested tissue. PSCs were proliferated in culture individually 
and combined.

 

FACS demonstrated that cultured PSCs were CD44+CD90+CD105+, 
polymerase chain reaction(PCR) and immunocytochemistry de-
monstrated that the pericytes retained their CD146+ phenotype and 
also expressed the pericytes markers PDGFRβ and NG2. PSCs and 
MSCs were differentiated using chondrogneic, osteogenic and adi-
pogenic medias. Differentiation was confirmed using histochemical 
stains and genetic expression on PCR and gel electrophoresis.

Conclusion: This study demonstrated that the IFP was a viable 
source of stem cells that can be harvested through an arthrotomy 

or using an arthroscopic shaver. The harvested tissue was used to 
isolate PSCs as well as culture-derived MSCs. Both cell types were 
multi-potent and quantitative measures are needed to compare the 
efficacy of these different cell types.

P178
Perivascular stem cells demonstrated increased chondrogenic 
potential in vitro compared to culture-derived mesenchymal stem 
cells
P. Hindle, N. Khan, L.C. Biant, B. Péault  
Edinburgh/United Kingdom

Methods and Materials: Samples of IFP were obtained from pati-
ents undergoing knee arthroplasty or arthroscopic anterior cruciate 
ligament reconstruction. PSCs were obtained using fluorescence-
activated cell sorting (FACS) and were cultured as pericytes, ad-
ventitial cells or mixed PSCs; MSCs were derived from culture. Cells 
underwent chondrogenic differentiation using a micromass culture 
(5x105 cells in 30µl). After 21 days the micromasses were fixed and 
sectioned or underwent RNA extraction. Sections were stained with 
Alcian blue or Picrosirius Red. Extracted RNA was reverse-transcri-
bed and analysed with quantitative real-time PCR for expression 
of col1α1, COL2α1, sox-9 and aggrecan. GAPDH was used as the re-
ference gene and the relative expression for PSCs was calculated 
compared to MSCs.

Results: FACS demonstrated that all cells types were 
CD44+CD90+CD105+ following culture; pericytes retained their 
CD146+ phenotype. Pericytes, adventitial cells and mixed PSCs all 
demonstrated increased relative expression of COL2α1 (6.3±0.5, 
5.5±1.7, 4.8±1.3), sox-9 (3.8±1.3, 6.0±2.3, 4.3±0.9) and aggrecan 
(3.9±2.0, 5.4±1.7, 7.0±1.7) compared to culture-derived MSCs. Mixed 
PSCs also demonstrated an increased ratio of COL2α1 to col1α1 
(2.0±1.5).

 

Sections demonstrated positive staining for Alcian blue and Picro-
sirius Red.

 

Conclusion: These data are the first to quantify the chondrogenic 
potential of perivascular stem cells. Prospectively isolated PSCs 
have demonstrated increased chondrogenic potential compared to 
culture-derived MSCs in vitro.
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P179
Bone marrow progenitor cells isolated from rabbit trochlea 
possess superior chondrogenic potential compared to condyles
G. Dwivedi, A. Chevrier, C.D. Hoemann, M.D. Buschmann  
Montreal/Canada

Purpose: Bone marrow stimulation initiates repair by fracturing 
or drilling into subchondral bone. Earlier studies have shown that 
defect location and animal age affect the cartilage repair outcome 
observed in-vivo, suggesting a strong influence of structural and 
biological characteristics of progenitor cells present in subchondral 
bone. We hypothesize that the chondrogenic potential of progenitor 
cells (Bone marrow stromal cells, BMSCs) from rabbit trochlea is su-
perior compared to condyles.

Methods and Materials: Bone Marrow Progenitor Cells (BMPCs) 
were isolated from trochlea and condyles of young (4 months old) 
and old (>12 months old) New Zealand White rabbits. Collagenase-
derived BMPCs originated from collagenase digest of bone chips 
while the digested explants were subsequently cultured to obtain 
explant-derived BMPCs via cell outgrowth. Cell yield, CFU-f and sur-
face marker expression were determined. Pellets of BMPCs were 
cultured in presence of TGF-βIII for chondrogenic differentiation. 
Finally, BMPCs were differentiated into osteogenic lineage in pre-
sence of dexamethasone. Aforementioned BMPC characteristics 
were compared trochlea vs. condyle, old vs. young and collagenase-
derived vs. explant-derived cultures.

Results: Growth rate, cell yield (Fig 1), expression of stem cell mar-
kers and osteogenic differentiation were significantly superior for 
younger animals. Cell yield (Fig 1) and CFU-f from trochlea were si-
gnificantly higher compared to condyles. Trochlear BMPCs also dis-
played superior chondrogenic differentiation evidenced by higher 
GAG and collagen type II expression (Fig 2). No significant difference 
was observed between collagenase- and explant-derived cultures.

 

Conclusion: BMPCs isolated from distal femur epiphyseal bone had 
stem cell characteristics. A decline in stem cell characteristics was 
observed with increasing age. Results show that rabbit trochlear vs. 
condylar subchondral bone yielded a greater number of progenitors 
with superior cartilaginous matrix expression under chondrogenic 
conditions suggesting higher intrinsic capacity for cartilage repair 
compared to condylar subchondral bone. These results are consi-
stent with better repair outcomes in rabbit trochlea vs condyle seen 
in previously published studies.

P180
Changes in the expression of the chondrogenic marker ROR2 on 
human bone marrow mesenchymal stem cells in osteoarthritis
K. Brady1, E. Price2, S.C. Dickinson1, A.P. Hollander1  
1Liverpool/United Kingdom, 2Bristol/United Kingdom

Purpose: We have previously identified Receptor tyrosine kinase-
like orphan receptor 2 (ROR2) as a cell surface marker on bone mar-
row mesenchymal stem cells (MSCs) that is predictive of improved 
cartilage formation. A decline in the proportion of ROR2-expressing 
MSCs may provide an indicator of reduced chondrogenic potential 
leading to a lower competence for cartilage repair after injury. Our 
aim was to determine any association between osteoarthritis (OA) 
and the ROR2-positive subpopulation of MSCs.

Methods and Materials: Human bone marrow was isolated from 
patients undergoing total arthroplasty or orthopaedic surgery fol-
lowing traumatic injury. Flow cytometry was used to measure ROR2 
expression. MSCs were separated into ROR2-positive and ROR2-
negative fractions using fluorescence activated cell sorting (FACS) 
for cartilage tissue engineering. The cartilage extracellular matrix 
was characterised by biochemical assays. 

Results: There were a greater proportion of ROR2-positive mononu-
clear cells in bone marrow obtained from non-OA trauma patients 
compared to patients with OA. In contrast, MSCs isolated from OA 
samples showed a higher percentage of ROR2-positive cells after 
seeding into culture flasks in vitro than non-OA samples. The ex-
pression of ROR2 on MSCs derived from OA patients gradually de-
clined during subsequent in vitro culture but never fell below that 
of the non-OA trauma subjects. The ROR2-positive fraction of MSCs 
generated tissue engineered cartilage with an extracellular matrix 
comprised of higher amounts of type II collagen and proteoglycan 
than ROR2-negative MSCs.

 

Conclusion: In conclusion, osteoarthritis is associated with changes 
in the expression profile of ROR2 on MSCs. The endogenous expres-
sion of ROR2 is reduced in patients with OA but the marker is indu-
ced during in vitro culture. The enhanced capacity of ROR2-positive 
cells for chondrogenesis suggests that the apparent down-regulati-
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on of ROR2 expression in vivo may influence cartilage repair in the 
presence of OA. Therefore understanding the interaction between 
ROR2 activity and OA may have implications for repair-based inter-
vention strategies. 

P181
Optimization of Mesenchymal Stem Cell Isolation From Synovial 
Membrane
N. Sugita1, Y. Moriguchi1, M. Sakaue1, Y. Yasui1, K. Koizumi1, 
R. Chijimatsu1, S. Shimomura1, Y. Ikeda1, H. Yoshikawa1, N. Nakamura2  
1Suita City/Japan, 2Osaka/Japan

Purpose: Synovium-derived mesenchymal stem cell (SDMSCs) is 
one of the suitable cell sources for cartilage repair based on their 
chondrogenic and proliferative capacity. However, method for SDM-
SCs isolation has not been extensively studied. The purpose of this 
study was to optimize the processes in enzymatic isolation followed 
by culture expansion to maximize the cell number obtained from the 
same amount of original tissue.

Methods and Materials: Human synovium were obtained at ar-
throscopic surgeries. They were minced meticulously and then divi-
ded into 3 groups with the same weight. Group1: Following 3 hours’ 
incubation in collagenase solution, precipitated tissue was removed 
by filtering and then, floating tissue was removed after centrifuga-
tion. Group 2: Without filtering, only floating tissue was removed. 
Group 3: No tissue was removed. In Group 1, the cell-containing me-
dia was plated at low density (1000 cells/ cm2) or high density (5000 
cells/ cm2). In both Group 2 and Group 3, the media containing cells 
and undigested tissue was plated into the same number of culture 
dishes either at low or high density. Following the first passage, 
cells were replated at low or high density at each passage, and fi-
nally calculated the number of the expanded cells at day 21 after 
cell isolation. The expanded cells were tested of their chondrogenic, 
osteogenic and adipogenic differentiation capacity.

Results: Maximum cell yield from 1g of tissue after 3 weeks’ culture 
in each group was 4.4 ± 1.3x107 cells in Group 1, 8.0 ± 2.4x107 cells 
in Group 2, 11.2 ± 3.6x107 cells in Group 3 (Group 1 vs Group 2 and 
Group 3, p< 0.05 ). In addition, SDMSCs in each group had equiva-
lent differentiation capacity.

Conclusion: The filtering of undigested debris as was previously 
reported was proved to lose considerable number of MSCs during 
SDMSCs isolation and thus we do not recommend this procedure. 

P182
Cartilage regeneration and intermittent hydrostatic pressure - 
A role for hMSCs
K. Dijkstra1, S.C. Mastbergen1, M. Karperien2, F.P.J.G. Lafeber1  
1Utrecht/Netherlands, 2Enschede/Netherlands

Purpose: Cartilage regeneration is observed after joint distraction 
in the treatment of severe knee osteoarthritis (Wiegant et al 2013). 
More than 20%-denuded bone is completely filled in 1 year, which 
cannot be solely the result of matrix synthesis by resident chon-
drocytes. We hypothesize that MSCs play a trophic role on resident 
chondrocytes. The intra-articular intermittent hydrostatic pressure 
(IHP) in the human knee during distraction is thought to induce ac-
tivation of this trophic effect. The current study evaluates the effect 
of IHP on in vitro expression of regenerative mediators in hMSCs. 

Methods and Materials: IHP between Patm and Patm + 15 kPa (as 
found in vivo) is applied to the cells at a frequency of 0.33Hz using 
a setup consisting of a pressure vessel and a control vessel. The 
vessels are placed in a regular incubator (T= 37 °C, [O2] = 20%, [CO2] 
= 5%, RH=95%). Bone marrow derived hMSCs (n=5 donors) mono-
layer culture was performed in the IHP setup for 6h, 24h and 48h. 
mRNA expression levels of fibroblast growth factor 1, 2 and 18 (FGF1, 
2, 18) and tissue inhibitor of metalloproteinase 1 (TIMP1) were de-
termined using qPCR, with HPRT1 as a reference gene. The compa-
rative Ct method (ΔCt/ΔΔCt) was used to analyse the qPCR data.

Results:

 

IHP affected gene expression of FGFs and TIMP1 with a large inter 
donor variation. Overall, mild upregulation of FGF2 was already 
seen after 6h under IHP, while FGF1 showed hardly an effect. Trends 
for downregulation were seen for FGF18 and especially TIMP1.

Conclusion: Under IHC a mild early upregulation of FGF2 and a 
downregulation of FGF-18 and TIMP-1 was seen. This data suggests 
a first step in an early regenerative response upon IHC in hMSCs. 
Additional experiments are warranted to further elucidate the exact 
role of IHP on hMCS.

P183
Effect of TGF-β on the expression of Wnt signaling related genes 
in bone marrow stromal stem cells chondrogenic differentiation
K. Tao, H.J. Lin  
Peking/China

Results: After 21 days, 95% of the cells were circular or polygonal 
cells with blue secretory granules and type II collagen staining was 
positive. Compared with the control group, the content of GAG in-
creased significantly in the group of TGF-β1 medium. FQ-PCR re-
sults indicated that mRNA expression level of Wnt1, Wnt3a, Wnt5a, 
Wnt10b and β-catenin was obviously suppressed compared with 
control group, and SOX9, type II collagen increased, with an results 
of inhibiting expression of Runx2, osteopontin, lipoprotein lipase, 
PPAR-γ2, and collagen I, X.

 

P184
Molecular validation of chondrogenic differentiation and hypoxia 
responsiveness of adipose-tissue derived human mesenchymal 
stem cells
C. Galeano-Garces1, E. Camilleri1, S. Riester1, A. Dudakovic1, S. Kakar1, 
J. Westendorf1, J. Smith1, A.B. Dietz1, S. Cool2, H. Im3, A.J. Krych1, 
M. Karperien4, A. Van Wijnen1  
1Rochester/United States of America, 2Singapore/Singapore, 
3Chicago/United States of America, 4Enschede/Netherlands

Purpose: The primary focus of this study is to harness the thera-
peutic potential of clinical-grade adipose-tissue derived human 
mesenchymal stromal/stem cells (AMSCs) to repair, regenerate and 
mitigate cartilage disease, thereby helping osteoarthritis patients 
avoid surgery.

Methods and Materials: Previous analysis of AMSCs has revealed 
that these cells are anabolically active and produce musculoske-
letal extracellular matrix (ECM) proteins (e.g., COL1A1, DCN) once 
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confluent. Here, we examined the chondrogenic potential of AMSCs 
cultured in normoxia (20% O2) and hypoxia (2% O2) and compared 
their differentiation potential to that of primary chondrocytes. Pro-
gression of differentiation was analyzed using RNASeq, qPCR, we-
stern blotting and immunohistochemistry.

Results: As expected, chondrogenic differentiation is readily evi-
dent in human primary chondrocytes. These cells exhibit a program 
in which a number of key genes are down regulated (e.g. COL1A1, 
MMP13), while known cartilage biomarkers are up regulated (e.g. 
COL2A1, COL10A1, DCN, ACAN, and SOX9). Although AMSCs are ca-
pable of expressing cartilage markers upon induction of chondroge-
nic differentiation, they co-express non-cartilage markers. However, 
expression of cartilage-specific biomarkers was significantly enhan-
ced under hypoxic conditions. Strikingly, strong down regulation of 
the fibroblastic gene COL1A1 was only observed during chondroge-
nic differentiation in hypoxia. Furthermore, confluent AMSCs prefe-
rentially express genes involved in cartilage-specific ECM formati-
on, irrespective of oxygen treatment. Hypoxic conditions stimulate 
the Indian Hedgehog pathway and accelerate expression of the 
BMP responsive genes, while up-regulating Runx proteins during 
chondrogenesis.

Conclusion: Our findings indicate that oxygen status is a dominant 
environmental parameter for directing the chondrogenic differenti-
ation of AMSCs and reduces their tendency to generate a fibrobla-
stic ECM, clearly demonstrating the multifaceted impact of oxygen 
deprivation on AMSCs cell fate. Future studies will aim to determine 
the exact mechanisms responsible for this interaction, and by ex-
tension, will inform cartilage tissue engineering strategies

P185
The effect of Platelet Rich Plasma and Hyaluronan on the 
mesenchymal stroma cell mediated immunoregulation
A. Gomez-Aristizabal, K. Kim, J. Chahal, D. Ogilvie-Harris, 
S. Viswanathan  
Toronto/Canada

Purpose: Both platelet rich plasma (PRP) and hyaluronic acid (HA) 
are currently used for symptomatic treatment of osteoarthritis (OA). 
New therapies that have the potential to be symptom and disease 
modifying, such as the use of mesenchymal stromal cell (MSC), are 
of enormous interest to a globally ageing population. In our study 
we investigate whether there is a mechanistic basis for combining 
MSCs with existing therapies, focusing on immunosuppresion.

Methods and Materials: To test the effect of HA and PRP on MSCs 
and their interaction with lymphocytes, PRPs (5X and 2.5X), platelet 
poor plasma (PPP) and HA of different molecular weights (MW) ran-
ging from 1.6 MDa (hMWHA) to 7.5 kDa were added to MSCs alone 
or to co-cultures of MSCs with lymphocytes.

Results: MSCs were able to significantly suppress PBMC prolife-
ration in all conditions except PPP. hMWHA had a pro-proliferative 
effect on PBMCs in coculture with and without MSCs. The lack of 
any additive HA effect on MSCs was confirmed by gene expression 
analysis which did not show any significant effects despite the pre-
sence of CD44, a HA receptor on MSCs. Conversely, 5X and 2.5X PRP 
and PPP had an anti-proliferative effect on PBMC proliferation. 5X 
PRP had an additive effect on MSC-mediated inhibition of PBMCs 
in coculture. All concentrations of PRP, 5X and 2.5x, and PPP up-
regulated (>5 fold) transcripts for NKBIA, indicating activation of the 
NF-kB pathway, IL-8 and CD274 that are involved in angiogenesis 
and immunosuppression, respectively. Yet, only PRPs upregulated 
(>4 fold) other angiogeneic, immunosuppressive and homing tran-
scripts.

 

Conclusion: Our results show that both PRP and hMWHA affect 
MSC interactions with lymphocytes, and the mechanisms for these 
interactions are different. Further studies are warranted to better 
understand and define optimum roles and doses of PRP or HA in 
combination therapies with MSCs in the context of osteoarthritis.

P186
Analysis of Signal Involved in Maintenance of Stem Cell Property 
by Hematopoietic-Mesenchymal Interaction
S. Kanazawa, T. Takato, K. Hoshi  
Tokyo/Japan

Purpose: Originally, since many of MSCs are present in the bone 
marrow, the MSCs may have potential for maintaining the stem cell 
properties by interaction with hematopoietic cells. Therefore, in this 
study, we hypothesized that the proliferation ability of MSCs could 
be enhanced by co-culture with hematopoietic stem cell (HSC).

Methods and Materials: EGFP labeled mouse bone marrow-derived 
MSC as the mesenchymal lineage and a C57BL6/J wild derived HSC 
as the hematopoietic lineage were used for co-culture. MSCs were 
plated at 3.0x103 cells in MSC culture media, and incubated for 24 
hr. For co-culture, at 7.0x103 cells of HSC were added to MSC-contai-
ning wells. For transwell cultures, HSC were plated at 7.0x103 cells in 
the upper compartment, while 3x103 cells of MSC were plated in the 
lower compartment. The signal, closely-involved in stem cell niche 
was detected and proliferation rate of MSCs by co-culture with time 
in culture was analyzed. In addition, to examine maintenance of the 
properties by co-culture, we examined a mesenchymal lineage dif-
ferentiation, such as the osteoblasts, adipocytes and chondrocytes 
for MSC after co-cultured. Finally, we performed a comprehensive 
screening of putative genes to maintain of stem cell signal from the 
HSCs to MSCs.

Results: As the result, we observed MSCs co-culture with HSCs 
significantly increased the cell proliferation and maintained their 
properties. We also examined mesenchymal induction analysis 
that MSCs proliferated with co-culture, and then evaluated mesen-
chymal maturity. Consequently, MSC co-cultured with HSCs were 
equally differentiated and matured.

Conclusion: These results suggest that hematopoietic-mesenchy-
mal interaction plays pivotal roles in the proliferation ability and 
maintenance of stem-ness of MSCs.

P187
Characterisation of cells from the infrapatellar fat pad and 
synovial fluid: alternative cell types for cartilage repair
J.K. Garcia, K. Wright, J. Richardson, S. Roberts, C. Mennan  
Oswestry/United Kingdom

Purpose: The infrapatellar fat pad (FP) and synovial fluid (SF) are 
potential sources of cells for repairing cartilage defects. The aim 
of this study was to characterise cells sourced from FP and SF by 
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assessing their mesenchymal stem cell (MSC)-like properties and 
immunogenicity under inflammatory conditions.

Methods and Materials: Human donor-matched FP and SF cells 
were isolated by collagenase digestion and centrifugation respec-
tively (n=6). Flow cytometry was used to assess their MSC immuno-
profile; the multipotency of cells was tested using tri-lineage diffe-
rentiation protocols and culture doubling time (DT) was quantitated 
for growth kinetic analyses. To evaluate the immunogenicity of the 
cells, the positivity of co-stimulatory markers, CD40, CD80, CD86, 
and the antigen presenting cell marker HLA-DR, was evaluated be-
fore and after stimulation with low (25ng/ml) and high (500ng/ml) 
concentrations of the proinflammatory cytokine interferon-γ (IFN-γ).

Results: FP and SF cells showed typical MSC immunoprofiles and 
differentiation potential for osteogenic, adipogenic and chondro-
genic lineages. Over 10 passages, SF cultures had significantly 
longer DTs compared to FP cultures (P=0.018), with both cell types 
proliferating more slowly at later passages. Stimulation with IFN-γ 
resulted in increased immunopositivity for both cell populations 
for HLA-DR, but not CD40, CD80 or CD86, although FP cells were 
significantly more immunopositive for HLA-DR than SF cells upon 
stimulation with 500ng/ml IFN-γ (P=0.04).

Conclusion: FP and SF cells isolated in this study possess MSC-like 
properties with regard to proliferation, immunoprofile and multipo-
tency. The lack of co-stimulatory markers in response to IFN-γ indi-
cates that these cells may be appropriate candidates for cell thera-
py, although the FP cells perhaps less so with their production of the 
MHC II receptor, HLA-DR, at the high dose. More work is needed to 
establish the suitability of FP and SF cells for both cartilage repair 
and attenuating joint inflammation. Acknowledgements: Arthritis 
Research UK (19429) and EPSRC.

P188
High Density Chondrogenic Micromass Cultures of Human 
Stem Cells to Model Developmental Teratogen-Induced Limb 
Malformations
S. Yu, J. Tan, P. Alexander, R. Tuan  
Pittsburgh/United States of America

Purpose: Limb malformations represent a prime manifestation of 
exposure to a number of well-recognized developmental terato-
gens, including thalidomide, valproic acid, and Warfarin. We have 
developed an in vitro micromass culture model using human bone 
marrow-derived mesenchymal stem cells (hBMSCs), as a homoge-
neous cell population primed to undergo programmed chondroge-
nesis and chondrocyte hypertrophy in a manner physiologically si-
milar to embryonic limb development in vivo, to analyze the cellular 
and molecular target of limb teratogens. 

Methods and Materials: hBMSCs (2.0 ×107 cells/mL) were seeded 
as 10 uL micromass culture and induced to undergo chondrogenesis 
in TGF-β1 containing chondrogenic medium (CM) for 10 days. From 
day 10, chondrocyte hypertrophy was initiated by TGF-β1 withdra-
wal and triiodothyronine supplementation up to day 28. Candidate 
teratogens are added to experimental groups throughout the 28 
days. Cultures were analyzed histologically and by qRT-PCR. 

Results: Control micromass cultures demonstrated robust chon-
drogenesis and hypertrophy, indicated by pronounced Alcian Blue 
staining and alkaline phosphatase (ALP) activity, repectively. Thali-
domide up to 1 mM did not affect chondrogenesis and hypertrophy 
in this culture model, both histologically and by real-time RT-PCR. 
In comparison, valproic acid and warfarin impacted both chondro-
genesis and hypertrophy, indicated by reduced sulfated glycosami-
noglycan deposition and ALP activity. qRT-PCR showed that genes 
related to chondrogenesis and chondrocyte hypertrophy were 
down-regulated upon exposure to valproic acid and Warfarin.

Conclusion: High density, 3-dimensional hBMSC-based micromass 
cultures represent a reproducible and controlled model to screen 
for potential limb teratogens and toxicants that target cartilage de-
velopment and growth.

P189
Severe hypoxia and anaerobic metabolism during initial stages 
of chondrogenic differentiation of MSCs in alginate hydrogels
M. Olderøy, B.E. Larsen, T.I. Tønnessen, H.H. Tønnesen, E.O. Pettersen, 
J.E. Melvik, J.E. Brinchmann  
Oslo/Norway

Purpose: In the transition from 2D expansion of mesenchymal 
stem cells (MSCs) to chondrogenic differentiation in 3D, the cells 
experience changes in their microenvironment. Substrate stiffness, 
binding motifs, oxygen tension and nutrients rapidly change. The 
purpose of this study was to measure oxygen tension and cellular 
metabolites to better understand the microenvironment early after 
cell immobilization and chondrogenic stimulation in hydrogels.

Methods and Materials: Human MSCs were immobilized in alginate 
hydrogels at 10 million cells pr ml, and chondrogenic differentiation 
was initiated using a cocktail including TGF-β1 and dexamethasone. 
Oxygen was measured every 60 seconds for ten days using a fiber-
optic oxygen microsensor, and samples for metabolite characteri-
zation were taken every two hours using a microdialysis catheter.

Results: The oxygen tension decreased rapidly to levels of severe 
hypoxia within 30 minutes after cell immobilization, due to oxygen 
consumption by the densely entrapped cells. These levels were 
maintained for two days with little variation through the cross sec-
tion of the hydrogels. Measurements of glucose and pyruvate con-
firmed that sufficient levels of nutrients were available, while lactate 
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production showed evidence of increasing anaerobic metabolism 
with decreasing oxygen tension. Over ten days, lactate production 
rate decreased and oxygen tension increased gradually, indicating 
down-regulated oxygen consumption to levels allowing a normoxic 
microenvironment to be established. Cell viability decreased with 
time, but this could not account for the observed regulation of cell 
metabolism. Glycerol concentrations indicated that the observed 
reduction in cell viability mostly occurred during the first 4-5 days.

Conclusion: Human MSCs immobilized in alginate hydrogels under 
chondrogenic conditions adapt to their microenvironment by me-
tabolic regulation. Immediately after cell immobilization, oxygen 
tension is reduced to severely hypoxic levels, resulting in anaerobic 
metabolism, which is subsequently normalized after 3-4 days of cul-
ture. Understanding these features of 3D chondrogenic cultures is 
useful when new cartilage tissue engineering systems are designed.

P190
Effect of BMP2 and TGFβ3 on the chondrogenic differentiation of 
human induced pluripotent stem cells
K.A. Payne, N. Shaw, M. Sauque, M. Summers, G. Bilousova  
Aurora/United States of America

Purpose: Bone marrow-derived mesenchymal stem cells (MSCs) 
have been widely studied for articular cartilage regeneration, but 
their ability to regenerate cartilaginous tissue in human patients 
has not been convincingly demonstrated. Decreased MSC prolife-
ration and differentiation capacity with aging suggests that MSC-
based therapies may not work in older individuals. Induced pluri-
potent stem cells (iPSCs), generated from reprogramming somatic 
cells, have unlimited proliferation capacity, broad differentiation 
potential, and may provide high yields of patient-matched, rejuve-
nated stem cells for cartilage regeneration in older individuals. Due 
to their recent discovery, the optimal chondrogenic factors for iPSC 
chondrogenesis have not been thoroughly investigated. The goal of 
this study is to determine the effect of bone morphogenetic protein 
(BMP)-2 and/or transforming growth factor (TGF)-β3 on human iPSC 
chondrogenesis.

Methods and Materials: iPSCs were generated from human skin 
fibroblasts from a 50-year old female via mRNA-based reprogram-
ming, expanded, and induced to become mesenchymal progenitors 
(iPSC-MPs). iPSC-MP pellet cultures were stimulated with chondro-
genic medium (CM) in the presence or absence of BMP-2 and/or 
TGF-β3. Pellets were harvested after 21 days for histological analy-
sis of sulfated glycosaminoglycans (GAG) by SafraninO-Fast Green 
staining and for GAG quantification using the dimethylmethylene 
blue assay.

Results: SafraninO staining was most evident when iPSC-MPs were 
stimulated with BMP-2. The presence of TGF-β3 alone did not lead 
to positive SafraninO staining. iPSC-MPs pellets cultured with both 
factors produced the largest pellets and most intense SafraninO 
staining. GAG content was highest in pellets cultured with BMP-
2, while pellets cultured with CM only or CM supplemented with 
TGF-β3 had the lowest GAG content.

Conclusion: The results from this study suggest that BMP-2 plays a 
major role in the chondrogenesis of human iPSCs, a novel stem cell 
source for articular cartilage regeneration. However, TGF-β3 stimu-
lation did not lead to significant chondrogenesis, suggesting that it 
may not be an optimal chondrogenic factor for human iPSCs.

P191
Bone marrow mesenchymal stem cells and cartilage fragments 
enhance chondrogenesis
M. Gari1, H. Alsehli1, M. Abbas1, M. Alkaff1, W. Kafienah2, A. Chaudhary1, 
A. Abuzenadah1, M. Al Qahtani1, G. Kalamegam1  
1Jeddah/Saudi Arabia, 2Bristol/United Kingdom

Purpose: To understand wether cellular/local microenvironmental 
cues contribute to better cartilage repair, in the present ex-vivo 
study, we evaluated the chondrogenic differentiation and repair of 
critical size defect in an explant osteochondral model using bone 
marrow derived mesenchymal stem cells (BM-MSCs) and homoge-
nised cartilage.

Results: Expanded BM-MSCs demonstrated the minimal criteria sti-
pulated by the International Society for Cellular Therapy for defining 
MSCs. Light micorscopic images of the culture explants showed car-
tilagenous filling Group IV with the full OBD closure (Figure 1).

 

Figure 1: Explants culture images on day 14. Some filling was obser-
ved in Group II with partial OBD clouse. Group III did not contribute 
to OBD repair. H&E staining revealed immature cartilagenous ma-
trix in Group II and more mature matrix in Group IV (Figuer 2).
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Figure 2: H&E staining of demineralized tissue sections following 
28 days of explants culture.

Conclusion: MSCs and cartilage fragments together provided better 
cartilage formation and defect filling in a human ex-vivo osteochon-
dral model. Further analysis of sub-fragments could help design 
more effective methods for the delivery of therapeutic chondroge-
nic MSCs.

P192
Expression of Toll-Like Receptors 3 and 4 on MSCs isolated from 
Human Umbilical Cord and Bone Marrow
C. Mennan1, H. Mccarthy1, H. Jesson1, S. Ziya1, J. Richardson1, S. Roberts2  
1Oswestry/United Kingdom, 2Shropshire/United Kingdom

Purpose: Toll-like receptors (TLRs), primarily expressed on an-
tigen presenting cells, lead to the production of anti-inflamm-
atory (TLR3) and pro-inflammatory (TLR4) proteins upon their 
specific ligand stimulation. TLR3 is associated with viral RNA 
(polyinosinic:polycytidylic acid (Poly[I:C])) and TLR4 is associated 
with bacterial lipopolysaccharide (LPS). This study investigated 
TLR3/4 expression and the immunoregulatory activity on umbilical 
cord mesenchymal stromal cells (UC-MSCs) and bone marrow MSCs 
(BMSCs) primed with or without TLR ligands and the pro-inflamma-
tory cytokine IFNγ.

Methods and Materials: UC-MSCs (from whole UC, n=5) and BMSCs 
(n=2) were cultured as previously stated1. Cells were treated for 24h 
with 25ng/ml IFNγ±1µg/ml Poly(I:C) or 10ng/ml LPS and compared 
to unstimulated cells. RNA was extracted, reverse transcribed and 
real-time qPCR performed to analyse expression of TLR3/4 and the 
immunomodulatory proteins, HLA-G and Indoleamine 2,3-dioxyge-
nase (IDO), using GAPDH as a reference gene. The influence of IFNγ 
on UC-MSCs was also assessed with a TLR-pathway signalling PCR-
array. For all PCR, a 2-fold threshold change (up/down-regulated) 
was deemed biologically significant. 

Results: Despite some patient-patient variability, Poly(I:C) up-regu-
lated TLR3 expression in both cell types, but to a lesser extent than 
IFNγ±Poly(I:C). LPS±IFNγ had variable effects on TLR4 expression, but 
with IFNγ alone TLR4 expression was down-regulated in both BMSCs 
and UC-MSCs. IFNγ alone up-regulated IDO in both cell populations. 
HLA-G only increased in BMSCs. Twenty-nine genes were down-re-
gulated on the PCR-array (including TLR1/2/4/5/6/7/8/9/10, CD80, 
CD86, IFNγ and TNFα) and 8 genes were up-regulated (including 
TLR3, IRF1, IL6, CXCL10, CCL2 and IL12A). 

Conclusion: Up-regulation of the anti-inflammatory-associated TLR3 
and the immunomodulatory proteins IDO and HLA-G, and a down-
regulation of the pro-inflammatory-associated TLR4 in response to 
IFNγ stimulation, suggests that UC-MSCs and BMSCs will retain an 
anti-inflammatory phenotype in an inflammatory environment. This 
indicates that both cell types have promise for use in cell therapies 
e.g. in inflamed joints. 1. (Mennan et al, (2013) 

P193
Cartilage Regeneration using Swine BMSCs/Chondrocytes and 
Novel Biodegradable Gelatin-Methacrylamide Hydrogel Scaffold
X. Zhao1, I.A. Otto2, J. Visser2, F.P.W. Melchels2, D.B. Saris2, J. Malda2, 
M. Randolph1  
1Boston/United States of America, 2Utrecht/Netherlands

Purpose: Regenerative medicine strategy has provided a very pro-
mising alternative for cartilage repair and regeneration. We hypo-
thesized that neocartilage can be engineered using both swine 
chondrocytes and bone marrow-derived mesenchymal stem cells 
(BMSCs) grown in chondrocyte-conditioned media and a novel bi-
odegradable Gelatin-Methacrylamide (GelMA) scaffold histological-
ly, biochemically and biomechanically.

Methods and Materials: Articular/auricular chondrocytes and me-
senchymal stem cells were harvested from swine knee and bone 
marrow separately. The chondrocytes were grown in standard high 
glucose DMEM based chondrogenic media until 90% confluence, 
and the BMSCs were grown in chondrocyte-conditioned media 

collected from chondrocytes until P3 generation. The ready chon-
drocytes and BMSCs were suspended in the GelMA hydrogel at a 
concentration of 40 X 106 cells/ml separately, and then the cylind-
rical cell/GelMA samples of 5 mm height and 6mm diameter were 
UV-crosslinked for 15 minutes at an intensity of 180 mW/cm2. All of 
the samples were precultured in the incubator for 2 weeks before 
implantation into mice. The cell viability was tested at 24 hours and 
14 days after crosslinking. All of the in vivo samples were harvested 
at 12 weeks from mice for histological, biochemical analyses etc.

Results: Based on the results we have achieved so far, the cell 
viability of both chondrocytes and BMSCs encapsulated in Gel-
MA hydrogel was favorable through 2 weeks preculture time after 
crosslinking (Fig. 1). Continuous neocartilage matrix formation was 
evidenced in specimens stained with H&E, Safranin-O, Toluidine 
Blue, and immunohistochemical stain (type II collagen) etc (Fig. 2 & 
3). More specific analyses are underway right now.

 

Conclusion: These results demonstrate that satisfying neocartilage 
formation could be achieved using novel biodegradable scaffold-
GelMA hydrogel and both chondrocytes and BMSCs. Especially, the 
chondrocyte-conditioned media could even enhance chondrogene-
sis of BMSCs in vivo. This novel maneuver will provide a promising 
alternative for future both auricular regeneration and articular re-
pair.

P194
TGFβ modulates its own signaling in chondrogenic cells by 
inducing ALK5 and dampening ALK1 receptor expression
L.M.G. De Kroon1, R. Narcisi2, E.N. Blaney Davidson1, M. Cleary2, 
A.P.M. Van Caam1, P. Van Der Kraan1, G. Van Osch2  
1Nijmegen/Netherlands, 2Rotterdam/Netherlands

Purpose: Transforming Growth Factor-β (TGFβ) is essential for chon-
drogenic differentiation of bone marrow-derived mesenchymal 
stem cells (BMSCs) and dedifferentiated articular chondrocytes 
(dACs). TGFβ is known to activate either Activin receptor-Like Kinase 
receptors ALK5 or ALK1. However, it remains unknown how TGFβ re-
gulates ALK5 and/or ALK1 receptor expression in chondrogenically 
differentiating BMSCs and in vitro expanded dACs.

Methods and Materials: Human adult BMSCs and dACs were pellet-
cultured in serum-free chondrogenic medium. To distinguish bet-
ween non-differentiating and chondrogenically differentiating cells, 
pellets were cultured with or without 10 ng/mL TGFβ1. Pellets were 
harvested after 1, 4, 7, 14, 21, 28 and 35 days for gene expression 
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analysis of ALK1, ALK5 and chondrogenic marker COL2. To verify 
chondrogenic differentiation, proteoglycan deposition was evalua-
ted by Safranin O staining.

Results: First we proved that only TGFβ1-stimulated pellets display 
chondrogenesis by enhanced COL2 expression and positive proteo-
glycan staining. In BMSC pellets, TGFβ1 increased ALK5 up to day 14 
resulting in ~11-fold higher ALK5 levels than in unstimulated BMSCs 
until day 35. ALK1 was ~4-fold lower expressed in TGFβ1-stimulated 
compared to unstimulated pellets from day 1 to 35. Comparing 
TGFβ1-stimulated with unstimulated dAC pellets at day 1, ALK5 is 
~9-fold downregulated in unstimulated pellets. From day 2 to 35, 
TGFβ1 remained ALK5 ~2-fold higher expressed compared to unsti-
mulated dACs. ALK1 decreased ~4.6 fold by TGFβ1 between day 1 
and 7, followed by ~2.8-fold lower ALK1 levels in TGFβ1-stimulated 
pellets than in unstimulated BMSC pellets until day 35.

Conclusion: This study shows that TGFβ modulates ALK1 and ALK5 
expression in chondrogenic versus non-chondrogenic cells by sti-
mulating (BMSCs) or maintaining (dACs) a higher level of ALK5 
whilst lowering ALK1. Suggesting that TGFβ not only directly indu-
ces chondrogenic differentiation, but that TGFβ also modulates its 
own signaling. Unraveling the role and regulation of these receptors 
will support further improvement stable cartilage formation by BM-
SCs and dACs.

P195
Adipose tissue-derived mesenchymal stem cells promote wound 
repair and reduce markers of pain in osteochondral lesions.
N. Kohli1, K. Uchida2, T. Sakamoto2, T. Miyazaki2, M. Snow1, H. Baba2, 
W.E.B. Johnson1  
1Birmingham/United Kingdom, 2Fukui/Japan

Purpose: To examine the capacity of human adipose tissue-derived 
mesenchymal stem cells (MSCs) to treat osteochondral lesions, 
comparing CD271+ selected versus plastic adherent (PA) selected 
MSCs.

Methods and Materials: Osteochondral lesions in athymic rats 
were transplanted with human adipose tissue-derived CD271+ 
MSCs or PA MSCs seeded into Alpha Chondro Shield® as the cell 
carrier/scaffold, or with Alpha Chondroshield alone® (controls) 
(n=3 rats for each condition/time point). At 3 and 6 weeks post-
transplantation, wound repair was assessed macroscopically and 
histologically. Lumbar dorsal root ganglia (L4 DRG) were examined 
for the presence of nociceptive pain-signalling peptides, CGRP and 
Substance P.

Results: Adipose tissue-derived MSC transplants promoted wound 
repair compared to the control group, with macroscopic scores for 
the CD271+ MSC transplants significantly greater than those for PA 
MSCs transplants at 3 weeks. There was increased extracellular ma-
trix (ECM) deposition in the MSC treated groups compared to the 
control group. Vascularisation of deeper regions of the repair tissue 
was observed, with foreign body giant cells seen engulfing the scaf-
folding material; however, this inflammatory reaction was reduced 
in lesions transplanted with CD271+ or PA MSCs compared with the 
control group. When pooled, the frequency of CGRP and Substance 
P immunopositive neural cells in L4 DRG was significantly lesser in 
the MSC transplant groups compared with the control group.

Conclusion: Adipose tissue-derived MSCs promoted wound repair 
in deep osteochondral lesions, with CD271+ selected cells achieving 
greater (macroscopically) or at least similar (histologically) repair as 
PA MSCs. Using Alpha ChondroShield® as a cell carrier/scaffold in-
voked some inflammatory responses, which may be associated with 
pain-mediated signalling; however, this reaction was decreased by 
the presence of MSCs suggesting paracrine and anti-inflammatory 
activity. CD271+ MSCs may be isolated in large numbers from hu-
man adipose tissues raising the possibility of one-step cell trans-
plantation procedures for the treatment of osteochondral lesions.

P196
Comparison of two matrix membranes on Seeded Bone Marrow-
Mesenchymal Stem Cells (BM-MSCs) induced to Chondrocytes 
capacity
C. Jofre, A. Rojas, E. Narvaez, J. Berendsen, F. Las Heras, R. Mardones  
Santiago/Chile

Purpose: Our purpose was to compare cellular seeding with bone 
marrow mesenchymal stem cells BM-MSCs induced to chondro-
cytes capacity of two manufactured scaffolds, a hyaluronic acid and 
a bilayer collagen I-III matrix membranes.

Methods and Materials: In order to improve the number of diffe-
rentiated MSCs to chondrocytes seeded into the scaffolds, we per-
formed four experiments with different BM-MSCs concentration 
and conditions in both matrix. All experiments started seeding the 
membrane in fetal bovine serum with doses of 2x105 cells/cm2 each 
first 3 days. In three of them we seeded MSCs and changed to chon-
drocyte inductor media by day 3, while the last one was originally 
seeded with MSCs already induced to chondrocytes during culture. 
Group 1: The membrane was re-seeded with cells at the same initial 
concentration of 2x105cells/cm2 at day 14th and 21st. Group 2: The re-
seeding process was only done by day 21st. Group 3: No cells were 
seeded after the induction. Group 4: BM-MSCs were previously in-
duced to chondrocytes for 21 days in monolayer culture and then 
seeded on the membrane at the same initial form. All experiments 
were analyzed by histological stained (Safranine O, Hematoxiline-
eosin) at day 4, 8, 15, 20, 24 and 28. Alkaline phosphatase activity 
and hypertrophic changes were also evaluated 

Results: Preliminary results show high differences in the numbers 
of attached cells in several matrix. Hyaluronic acid matrix cell den-
sity by histological stain show better cellularisation (48±9% v/s 
16%±5%). Also, we found dramatic hypertrophic changes in BM-
MSCs derived in chondrocytes starting at day 18th in both membra-
nes by alkaline phosphatase activity and light microscopy.

Conclusion: Different celluralisation patterns can be observed when 
the same seeding technique is used for different characteristic 
membranes. These differences need to be known and appreciated 
when clinical application is desired.

P197
Facilitated Recruitment of Mesenchymal Stem Cells by Bone 
Marrow Aspirate Concentrate and Platelet Rich Plasma for Tissue 
Regeneration
H. Holmes, B. Wilson, J. Goerger, J. Silverberg, I. Cohen, W. Zipfel, 
L. Fortier  
Ithaca/United States of America

Purpose: The aim of this study was to investigate the ability of bi-
ologics including platelet rich plasma (PRP) and bone marrow con-
centrate (BMC) to induce mesenchymal stem cell (MSC) migration. 
The hypothesis was that leukocyte-low platelet rich plasma (Llo PRP) 
would induce migration to a greater extent than leukocyte-high pla-
telet rich plasma (Lhi PRP) or BMC.

Methods and Materials: Bone marrow-derived MSCs were isolated 
from 8 horses. Migration toward a biologic or control was observed 
for 24hrs using a microfluidics device. Biologics studied in this ex-
periment included bone marrow aspirate (BMA), BMC, Llo PRP, and 
Lhi PRP. Variables used to measure cell migration were displace-
ment, number of cells migrated, and cell flux.

Results: All biologics resulted in a significantly greater percentage 
of cells migrated compared to the control (figure 1A). Cells migrated 
significantly further toward BMC compared to Llo PRP (figure 1B). 
Overall migration, measured as cell flux, was significantly higher 
toward BMC and Lhi PRP than toward Llo PRP. Figure 1A
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Figure 1B

 

Figure 1: (A) Percentage of cells migrated toward a treatment. (B) 
Displacement of cells toward a treatment. Data are represented as 
median with max/min values; n=8. NC = neutral control, PDGF = 
platelet derived growth factor, BMA = bone marrow aspirate, BMC = 
bone marrow aspirate concentrate, Llo PRP = leukocyte low platelet 
rich plasma, Lhi PRP = leukocyte high platelet rich plasma. Asterisks 
indicate significant difference from NC. Kruskal-Wallis followed by 
Wilcoxon multiple comparison post-hoc test. P-value < 0.01 was si-
gnificant. 

Conclusion: The data from this study show that BMC and leukocyte 
high PRP elicit greater chemokinesis and cell flux of MSCs than leu-
kocyte low PRP, however all biologics resulted in the same amount 
of chemotaxis. More research is needed to determine the extent of 
the effects that biologics can have on MSC migration and if these 
findings are consistent in vivo.

P198
Comparison of the chondrogenic potential of BMMSC and dental 
pulp stem cells from equines
M. Hidalgo De La Garma, E. Diaz Martinez, R. Gomez-Garcia, J.C. Ibarra, 
C. Velasquillo, M. Masri  
Mexico City/Mexico

Purpose: Bone marrow derived stem cells are being used as a treat-
ment for joint injuries in equines with promising results. We compa-
red their differentiation potential in vitro with dental pulp stem cells 
(DPSC) which show rapid proliferation and expression of markers of 
stemness so these cells could be used as a new source for regene-
rative medicine.

Methods and Materials: Bone marrow aspirates were obtained from 
young horses and mononuclear cells were separated using concen-
tration gradient. Mononuclear cells from dental pulp of the molars 
of young horses (2-6 years old) were isolated by enzymatic dige-
stion. Cells were cultured in DMEM F/12 medium, supplemented 
with Fetal Bovine Serum (FBS) and 1% antibiotics and antimycotics. 
Adherent cells were analyzed by flow cytometry and immunocyto-
chemistry for expression of markers of stemness (CD 90+, CD166+, 
CD34-, CD45-). After being molecularly characterized as uncompro-
mised cells, trials were made exposing the cells to growth differenti-
ation factor-5 during 21 days for cartilage differentiation. We evalu-
ated these cells with alcian blue staining and immunofluorescence 
expression of SOX9 and aggrecan.

Results: Adherent cells were analyzed by flow cytometry and immu-
nocytochemistry for expression of markers of stemness (CD 90+, 
CD166+, CD34-, CD45-). Cultures could be expanded and maintained 
in an undifferentiated state even after being frozen for up to six pas-
sages. Using staining (alcian blue) and immunofluorescence assays 
(SOX9, aggrecan) for both stem cell sources we found positive re-
sults for cartilage differentiation. 

Conclusion: Both bone marrow derived stem cells and dental pulp 
stem cells expressed markers of stemness and were able to maintain 
an indifferentiated state for several passes. After being molecularly 
characterized as uncompromised cells, trials were made exposing 
the cells to cartilage differentiation factors obtaining positive re-
sults using staining and immunofluorescence assays for both stem 
cell sources.

P199
Mesenchymal stem cells with Hyaluronan based scaffold: 
A biological solution for aging cartilage lesions
A. Gobbi1, G. Karnatzikos2, M. Abhishek1  
1Milan/Italy, 2Uhingen/Germany

Purpose: The idea of ‘‘biological solutions for biological problems’’ 
and the availability of new techniques has accelerated the treat-
ment for cartilage lesions. The aim of this study is to assess the 
applicability of an entirely Hyaluronan based scaffold (a sterile, 
biodegradable non-woven pad composed of HYAFF®-11, the benzyl 
ester of hyaluronic acid) with multipotent/mesenchymal stem cells 
(MSCs) derived from bone marrow aspirate concentrate (BMAC), in 
the treatment of cartilage lesion in patients aged >45 years.

Methods and Materials: Twenty patients with large full thickness 
cartilage lesions aged (45 – 58 years) with mean age of (50±4.1ye-
ars), underwent cartilage implantation using BMAC covered with a 
Hyaluronan based matrix. Patients were prospectively evaluated 
for a minimum of 4years (48.7±12.6 months) with Radiographs 
and MRI, and assessed clinically with KOOS, IKDC, VAS and Tegner 
scores preoperatively, two-year and final follow-up. 

Results: No adverse reactions or post-operative infections were 
noted. The average size of the lesion was (8.5±5.9cm2). A total of 
14 patients had to undergo concomitant procedures (9 realignment 
with HTO, 3 ACLR, 1 lateral release and 1 Fulkerson procedure). At a 
final follow up VAS Scores improved from 5.6±1.4 to 0.5±0.8; Tegner 
scores improved from 2.3±1.1 to 5.7±1.0; IKDC subjective scores sho-
wed improvement from 39.2±16.5 to 82.2±8.9 and KOOS scores also 
showed improvement in all of its categories. MRI showed complete 
filling in 81% of patients, and histological analysis conducted in 5 
patients revealed hyaline-like features.

Conclusion: Treatment of aging cartilage lesions with MSCs derived 
from BMAC utilizing entirely Hyaluronan based matrix scaffold can 
be a viable and effective option in the elderly (>45years) as proved 
from this study.

P200
Optimizing various sources of chondrogenic connective 
tissue progenitors by 2D and 3D culturing for cartilage tissue 
regeneration
C. Boehm1, A. Dikina1, V.P. Mantripragada1, N. Chang2, V.W. Wong2, 
E. Alsberg1, R.L. Sah2, R. Midura1, G. Muschler1  
1Cleveland/United States of America, 2La Jolla/United States of 
America

Results: Variation in cellularity between various cell sources is ob-
served as seen from Figure 1A (indicates highest average (46000) 
of CTPs isolated/mg tissue from medial cartilage) and Figure 1B 
(periosteum was found to have highest average CTPs/mg tissue 
(79000)). Further analysis needs to be carried out using Colonyze 
(ASTM standard method) to determine their chondrogenic potenti-
al. The DVI analysis (Figure 2A) shows a 3-D view of the cartilage 
which has surface erosion indicating the poor health of the patient 
sample. The 2-D section (Figure 2B) taken along the anterior-poste-
rior axis was used for quantitative analysis.
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Conclusion: To date, data has been collected from 15 patients, with 
the plan of collecting data from 100 patients. Integration of these 
data sets will a) quantitatively define the relative yield and biolo-
gical potential of CTP-Cs in potential source tissues, and b) define 
the relationship between cartilage structure/histology and CTP-C 
concentration, prevalence and chondrogenic potential.

P201
Comparative Outcomes of High Tibial Osteotomy With Platelet-
Rich Plasma Alone or in Combination With Mesenchymal Stem 
Cell Treatment
Y.J. Choi, Y.G. Koh, Y.S. Kim  
Seoul/Korea

Purpose: This study compared the clinical results and second-look 
arthroscopic findings of patients undergoing openwedge high tibial 
osteotomy (HTO) for varus deformity, with or without mesenchymal 
stem cell (MSC) therapy.

Methods and Materials: This prospective, comparative observatio-
nal study was designed to evaluate the effectiveness of MSC thera-
py. The patients were divided into 2 groups: HTO with platelet-rich 
plasma (PRP) injection only (n = 23) or HTO in conjunction with MSC 
therapy and PRP injection (n = 21). Prospective evaluations of both 
groups were performed using the Lysholm score, Knee Injury and 
Osteoarthritis Outcome Score (KOOS), and a visual analog scale 
(VAS) score for pain. Second-look arthroscopy was carried out in all 
patients at the time of metal removal.

Results: The patients in the MSCPRP group showed significantly gre-
ater improvements in the KOOS subscales for pain (PRP only, 74.0 
5.7; MSC-PRP, 81.2 6.9; P < .001) and symptoms (PRP only, 75.4 8.5; 
MSC-PRP, 82.8 7.2; P = .006) relative to the PRP-only group. Although 
the mean Lysholm score was similarly improved in both groups (PRP 
only, 80.6 13.5; MSC-PRP, 84.7 16.2; P ¼ .357), the MSC-PRP group 
showed a significantly greater improvement in the VAS pain score 
(PRP only, 16.2 4.6; MSC-PRP, 10.2 5.7; P < .001). Arthroscopic eva-
luation, at plate removal, showed that partial or even fibrocartilage 
coverage was achieved in 50% of the MSC-PRP group patients but in 
only 10% of the patients in the PRP-only group (P < .001).

Conclusion: MSC therapy, in conjunction with HTO, mildly improved 
cartilage healing and showed good clinical results in some KOOS 
subscores and the VAS pain score compared with PRP only.

P202
Co-Implantation of Auricular Chondrocytes and Mesenchymal 
Stem Cells for the Generation of Auricular Neocartilage
B.P. Cohen1, O.A. Asanbe2, J.A. Spector2, L. Bonassar1  
1Ithaca/United States of America, 2New York/United States of America

Purpose: We have demonstrated the ability to injection mold pa-
tient-specific ears by encapsulation of chondrocytes in collagen, 
however this technique requires large numbers of auricular chon-
drocytes (ACs). Autologous tissue donation results in limited AC 
yield, while expansion causes loss of chondrogenic capacity. Me-
senchymal stem cells (MSCs), can be obtained in greater numbers, 
expanded significantly, and release chondrogenic trophic factors in 
chondrocyte co-culture. We hypothesized that co-implantation of 
ACs with MSCs would form auricular cartilage while requiring fewer 
ACs.

Methods and Materials: Bovine ACs and MSCs were mixed into 
10mg/mL type I collagen hydrogels in ratios of 100:0, 50:50, and 
0:100 AC:MSC with constant cell density of 25 million cells/mL and 
extruded as 2mm thick gels. Cut out 8mm diameter discs were im-
planted subcutaneously in nude mice. Constructs were explanted 
at 1 and 3 months and analyzed for gross morphology, histological 
staining, and biochemical composition.

Results: Gross inspection of the explants showed that 50:50 
constructs maintained their size and exhibited cartilage-like elastic 
behavior. Comparatively, 100% AC and 100% MSC discs contracted 
after 3 months. Safranin O staining displayed that 50:50 constructs 
developed auricular cartilage features including cellular lacunae, 
perichondiral layering, and proteoglycan-rich bulk. Verhoeff stai-
ning revealed that 50:50 constructs deposited denser elastin fibers 
than 100% AC scaffolds. Biochemical analysis showed that 50:50 
constructs featured significantly more proteoglycans than 100% AC 
or MSC groups, and significantly more proteoglycan content after 3 
months compared to 1 month.

 

Conclusion: AC:MSC co-implanted constructs maintained morpho-
logy after 1 and 3 months, while constructs featuring only ACs or 
MSCs severely contracted. Mixed constructs developed superior 
auricular cartilage features and deposition of cartilage molecular 
components compared to ACs or MSCs alone. The success of in vivo 
growth of 50:50 constructs demonstrates the potential for MSCs 
to supplement ACs for tissue engineered auricular reconstruction 
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techniques and make fabrication of patient-specific, high fidelity 
auricles clinically viable.

P203
Evaluation of Mesenchymal Stem Cells and Growth Factors in 
Collagen Scaffold for Osteochondral Defect Repair in Rabbits
M.B. Gugjoo1, A. Amarpal2, G.T. Sharma2, A.M. Pawde2, G. Saikumar2  
1Srinagar/India, 2Bareilly/India

Purpose: The study was aimed to evaluate the healing potential of 
collagen laden bone marrow derived Mesenchymal stem cells (BM-
MSCs)/andIGF-1/and TGF- β1, in osteochondral defect in rabbits.

Methods and Materials: A total of 40 New Zealand White rabbits of 
either sex, ranging from 1.0 to 2.0 kg of body weight and 6-8 months 
of age, were made subject of the study. An osteochondral defect 
(4mm diameter and 5 mm depth) was made at patellar groove of 
left femoral condyle of each rabbit. The rabbits were divided into 
4 groups and treated with RPMI-1640 medium (Group A, control), 
group A plus BM-MSCs laden in collage type I scaffold (Group C), 
group C plus IGF-1 (Group D) and group D plus TGF-β1 (Group E).

Results: SEM and gross examination showed superior surface archi-
tecture and surface morphology of the regenerated tissue in group 
E followed by groups D and C. Histologically, the regenerated tissue 
was hyaline with better proteoglycans deposition, cellular arrange-
ment, clear tidemark zone and subchondral bone formation in group 
E followed by group D. In group C, regenerated tissue though hyali-
ne but had poor tidemark zone and proteoglycans deposition. Colla-
gen type II and aggrecan matrix gene expression was confirmed by 
RT-PCR and quantified by qPCR, being higher for the groups E and D 
at day 60 as compared to day 90. Radiography showed indistinguis-
hable defect sites in groups E and D while in group C, the defect site 
though was better than control but still discernible. Overall, healing 
at day 90 was much improved as compared to day 60 though early 
in group E followed by group D.

Conclusion: BM-MSCs laden in scaffold may facilitate the healing 
of osteochondral defects which is hastened upon the addition of 
growth factors. Healing was much improved by the addition of IGF-1 
and TGF- β1 as compared to addition of IGF-1.

P204
Mesenchymal stem cells associated with microfractures improve 
the tissue repair of chondral defects in equine model.
A.L.M. Yamada, L.H.L. Mattos, M.L. Alvarenga, A.P.L. Carvajal, 
M.J. Watanabe, C.A. Rodrigues, C.A. Hussni, A.L.G. Alves  
Botucatu/Brazil

Purpose: We aimed to compare the use of MSC in PRP-gel scaffold 
and microfractures in the treatment of articular cartilage defects, 
either individually or in combined treatments.

Methods and Materials: For this purpose 24 patellofemoral joints 
were divided into four groups. All joints were approached by ar-
throscopy to create a chondral defect of 15 mm of diameter and 
perform the treatment according to the following groups: GA: re-
ceived treatment only with microfractures. GB: received treatment 
with microfractures associated with MSC in PRP-gel scaffold. GC: 
received treatment only with MSCs and PRP-gel, and GD was the 
control group. The results were evaluated after 150 days of treat-
ment through macroscopic evaluation (ICRS score), histopathologi-
cal evaluation (H.E. and toluidine blue/O’Driscoll score), immunohi-
stochemical analysis and gene expression assessment of collagen 
type II.

Results: The GB and GC showed a healing with improved gross ap-
pearance. The GB had the greatest gross score and was statistically 
different from GA (p-value = 0.0186) and GD (p-value = 0.0007). The 
GB and GC showed the highest median score on the microscopic 
O’Driscoll score. All groups showed different degrees of fibrocar-
tilage formation, but GB and GC presented a tissue repair with a 
higher number of chondrocytes and better tissue organization. The-
se groups were morphologically more similar to normal cartilage. 
These same groups demonstrated less fibrocartilage formation, 

increased production of chondral extracellular matrix and more me-
tachromasia. There was no statistical difference among the groups 
in gene expression of type II collagen. There were no differences in 
immunohistochemical staining for collagen type II among the trea-
ted groups; only the GD was significantly inferior. 

Conclusion: Therefore, we conclude that the combination of MSCs 
and PRP-gel is beneficial in the treatment of chondral defects, 
mainly regarding extracellular matrix production. Treatment with 
microfractures, MSCs and PRP-gel showed important outcomes, 
supporting the idea that cell therapy contributes significantly in 
chondral repair.

P205
Clinical outcome of BMAC in osteoarthritis of the knee - minimum 
30months follow up-
J.D. Kim1, Y.D. Jeon1, G.H. Jung1, G.W. Lee2, J.H. Park1, S.S. Cha1  
1Busan/Korea, 2Yangju/Korea

Purpose: As a treatment method of osteoarthritis of knee, this study 
evaluated the clinical efficacy of the intra-articular injection of au-
tologous bone marrow aspirates concentrate (BMAC) with adipose 
tissue.

Methods and Materials: Between April 2011 and May 2012, 41 pati-
ents (75 knees) who were diagnosed as osteoarthritis of knee and 
underwent the BMAC injection with adipose tissue were included 
in this study. Mean age was 60.7 years old. K-L grade was used for 
assessing radiologic degree; there were each 12, 24, 33, and 6 cases 
of grade I, II, III, and IV. At preoperative and postoperative 6, 12, and 
30 months VAS and functional scales were used for evaluation.

Results: Mean VAS score was decreased from 8.7 preoperatively to 
7.16, 4.4 and 4.3 postoperatively 6, 12, and 30 months. And func-
tional scores were also improved; International Knee Documenta-
tion Committee score (from 37.7 preoperatively to 66.3, 69.3, 70.5 
postoperatively), SF-36 health score (from 31.5 to 45.6, 47.7, 52.5), 
knee and osteoarthritis outcome score (from 43.1 to 64.9, 70.6, 72), 
Lysholm Knee Questionnaire (from 37.3 to 68.6, 71, 72.5), were all 
increased after the procedure. 9 patients (9 knees) with K-L grade 
III, IV who had no effectiveness underwent surgery; 4 total knee ar-
throplasty, 2 unicompartmental knee arthroplasty, 2 high tibial os-
teotomy. When classified according to K-L grade, the improvement 
of VAS score in grade IV group was 8.2 preoperatively to 5.3, 5.7, 
5.6 postoperatively, which was significantly poorer than those of 
grade I-III groups. In the knee functional scales, similar pattern was 
checked. Patients with varus malalignment of knee was significantly 
poorer outcome than those of normal alignment

Conclusion: BMAC injection significantly improved both pain and 
functions in the patients with degenerative arthritis of knee. Also, 
the injection would be more effective in early to moderate phases.

P206
Autologous Bone Marrow Derived Stem Cells to Treat 
Osteoarthritis of the Knee: A Pilot safety and feasibility study
S. Shapiro, A. Zubair, S. Kazmerchak, M. O’Connor, C. Desmond, 
N. Gebhart, J. Hubbard, J. Arthurs  
Jacksonville/United States of America

Purpose: Osteoarthritis (OA) is a, degenerative condition of the 
joints that affects millions worldwide. Recent treatment efforts have 
focused on cellular based therapies such as mesenchymal stem 
cells (MSC) harvested from either bone marrow or fat. MSCs which 
have pluripotent capabilities are touted for both their regenerative 
as well as anti-inflammatory properties. Numerous studies have 
demonstrated the chondrogenic potential of MSCs, but few quali-
ty clinical trials have investigated inta-articular safety or efficacy. 
We are conducting a first of its kind, randomized, blinded, placebo 
controlled safety and feasibility study of bone marrow stem cells 
injected into arthritic knees with IND from the FDA.

Methods and Materials: Patients with symptomatic bilateral knee 
osteoarthritis underwent baseline radiographs, MRI imaging, and 
analysis of synovial fluid inflammatory markers. Bone marrow from 
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6 sites on patients’ iliac crests was aspirated and concentrated 
(BMAC) via commercial filtration and centrifugation kits (Arteriocyte 
Magellan). Randomly, one knee was injected with BMAC, the other 
with sterile saline. The patients were blinded to which knee recei-
ved cellular injection. Adverse reactions to BMAC injections were 
documented, as was morbidity related to bone marrow harvests. 
Cell characterization as well as follow-up analysis of synovial fluid, 
clinical outcomes, radiographic and MR imaging was performed at 
various intervals. We present early data from this study with recruit-
ment nearly complete. 

Results: No significant adverse events have been encountered for 
20 patients to date. The BMAC procedure yielded cell counts which 
were 95% viable (characterization Table 1). 12 of 16 patients follo-
wed thus far reported pain relief post-procedure, though complete 
statistical analysis has not yet been performed on all patients.

Conclusion: Early outcomes suggest BMAC injected into knees to 
treat osteoarthritis is both feasible and safe. Further follow-up will 
hopefully elucidate the duration and statistical significance of cli-
nical relief as well as any biochemically mediated or radiographic 
changes resulting from the procedure.

P207
Autologous Collagen Induced Chondrogenesis: Four-year 
radiological results of arthroscopic single staged cartilage repair 
treatment.
A. Shetty1, S.J. Kim2, V.A. Shetty1  
1Chatham/United Kingdom, 2Seoul/Korea

Purpose: We describe a single stage arthroscopic procedure for 
the treatment of articular cartilage defects in the knee. The novel 
procedure involves microdrilling and application of atellocollagen 
and fibrin gel. The aim of the study was to evaluate the radiological 
outcomes (using morphological and quantitative MRI) at 4 years.

Methods and Materials: A prospective study of 30 patients with 
symptomatic ICRS grade III/IV chondral defects which were as-
sessed clinically and radiologically. The lesions were located on 
the MFC, LFC, trochlea or patella, ranging from 2-8cm2. The surgical 
procedure involved debridement of the lesion, microdrilling and ap-
plication of atellocollagen and fibrin gel under CO2 insufflation. All 
patients underwent morphological MRI, quantitative T2*(T2-star)-
mapping and d-GEMRIC scan; radiological assessment used the 
MOCART score.

Results: At 4 year follow-up: • Lysholm score was 80.46 ± 24.7, up 
from 51.7 ± 27.1 pre-operatively (p < 0.05). • KOOS (symptomatic) 
was 89 , up from 66.2 pre-operatively. • IKDC (subjective) was 78.6, 
up from 41 preoperatively. • MOCART score for all lesions was 71.3 
• The mean T2* relaxation-times for the repair tissue and native 
cartilage were 28.8 and 29.7 respectively. dGEMRIC scan suggests 
hyaline like repair tissue.

Conclusion: Our technique shows encouraging results at 4 year 
follow-up. The morphological MRI shows good cartilage defect fil-
ling and the biochemical MRI (T2*-mapping) suggests hyaline like 
repair tissue.

P208
Sonographic evaluation of femoral condylar cartilage in children 
with cerebral palsy.
J. Popko, J. Popko, R. Milewski, M.J. Kwiatkowski  
Białystok/Poland

Purpose: Loading and movement of the joint are of major importance 
for the maintenance of the morphologic and functional integrity of 
articular cartilage. The aim of this study was to perform ultrasound 
measurement of the femoral condyle cartilage thickness in children 
with cerebral palsy, who do not walk from birth, but have preserved 
joint motion.

Methods and Materials: We examined both knees of 40 children 
(11 girls, 29 boys, age ranged from 3.5 to 14 years) with cerebral 
palsy - group A and 40 knees of healthy children (15 girls, 25 boys, 
age ranged from 3.5 to 14 years) – group B. The cartilage thickness 
of lateral and medial femoral condyle was examined on the supra-
patellar area at 90° flexion of the knee with linear-array, probe 7.5 
MHz, in the transversal plane.

Results: The thickness of the cartilage on the lateral femoral con-
dyle in children in group A was significantly decreased, Me=2,9mm 
(Q1=2,1; Q3=3,9) in contrast to group B: Me=3,5mm (Q1=3,2; 
Q3=4,0) p<0,01; similar results were obtained on medial condyle: 
cartilage thickness in group A Me=2,8mm (Q1=2,3; Q3=3,5) and in 
group B Me=3,5mm (Q1=3,0; Q3=4,0) p<0,01. We compared thick-
ness of the cartilage to age and weight of children in each group. 
In group A, there was no correlation between age and thickness of 
the cartilage (not statistically significant), whereas with increasing 
weight, a significant increase of cartilage thickness was observed 
(p=0,01). In group B, a substantial reduction of the cartilage thick-
ness on both condyles with age (p=0,01) was observed and with in-
crease of body weight the cartilage thickness of the lateral condyle 
decreased significantly (p=0,03).

Conclusion: The cartilage thickness in children with cerebral palsy 
is significantly decreased compared to healthy children and does 
not change progressively with age.

P209
Osteochondral lesion depth on MRI can help predict the need for 
a sandwich procedure
J.E.J. Bekkers, R. Nizak, L. Toonen, P.A. De Jong, D.B. Saris  
Utrecht/Netherlands

Purpose: Autologous subchondral bone grafting combined with ACI 
(sandwich procedure) is a well-accepted procedure for the treat-
ment of osteochondral lesions of the knee. This requires a different 
surgical technique and preoperative planning. Also pain from bone 
marrow donor site locations is expected and should be part of pati-
ent consent and expectations. This study evaluates whether MRI is 
able to predict the need for a sandwich procedure to help in optimi-
zing the preoperative planning and consent.

Methods and Materials: A total of 107 preoperative MRI scans (PD 
and T2 sequences) of patients planned for ACI were included. The 
integrity of the subchondral bone and lamina were scored by three 
different observers (experienced radiologist, experienced orthope-
dic resident, Imaging fellow technical medicine) as being intact or 
not. Also the depth of the defect was measured perpendicular from 
the subchondral layer to the bottom of the bony lesion. The area 
under the curve (AUC) for subchondral defect on MRI (i.e. lamina 
or bone defect) and eventual sandwich procedure were calculated. 
Also inter-observer Kappa values were determined using SPSS 
v21.0.

Results: The AUC’s (0.690-0.778 for lamina and 0.690-0.795 for 
bone defect) and inter-observer Kappa’s (ranging from 0.575-0.752) 
for lamina and bone defect were moderate indicating a large inter-
observer variation and moderate prediction of the need for a sand-
wich procedure based on the presence of lamina and or subchon-
dral bone defect on MRI. However, depth measurements resulted 
in an AUC of 0.86 (95%CI: 0.778-0.948, p=0.001) with an optimal 
cutoff point at 5.5 mm depth of the lesion (87% sensitivity, 74% spe-
cificity) to predict the need for a sandwich procedure.
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Conclusion: Our results show that the integrity of the subchondral 
layer on MRI moderately predicts the need for an eventual autolo-
gous bone graft to augment ACI whereas a depth of the lesion above 
5.5 mm accurately predicts the need for a sandwich procedure.

P210
Quantitative Magnetic Resonance Imaging for Evaluation of ACL 
Injuries: a pilot multicenter study
K. Amano1, V. Pedoia1, D.A. Lansdown1, C. Wyatt1, F. Su1, D. Savic1, 
K.K. Amrami2, J. Felmlee2, M. Frick2, M.F. Koff2, A. Krych2, H. Potter3, 
C.B. Ma1, S. Rodeo3, X. Li1, S. Majumdar1  
1San Francisco/United States of America, 2Rochester/United States 
of America, 3New York/United States of America

Purpose: Acute anterior cruciate ligament (ACL) injuries can lead to 
early cartilage degeneration despite surgical reconstruction. Quan-
titative magnetic resonance imaging (MRI) techniques using T1ρ and 
T2 can identify early signs of cartilage degeneration. We present the 
feasibility of detecting cartilage degeneration using quantitative 
MRI in ACL-injured patients in a multicenter study.

Methods and Materials: Bilateral knee MRI sequences of 37 pa-
tients with isolated acute ACL injuries (21 males, 29.1±12.8 years) 
were obtained using a 3T scanner (GE Healthcare) at three institu-
tions (17, 9, 11 patients) after injury and prior to surgery. Volunteers 
traveled to all sites for reliability testing at two different time points. 
T1ρ/T2 relaxation times in six compartments (MF=medial femur, 
LF=lateral femur, MT=medial tibia, LT=lateral tibia, PAT=patella, 
TRO=trochlea) were calculated using an in-house Matlab program 
(Image 1).

 

Results: There was good reliability across sites (Figure 1). Mean T1ρ 

relaxation times were significantly higher on the injured side in the 
MF (p=0.03), LF (p=0.03), MT (p<0.01), and LT (p=0.02) compart-
ments, and in the MF (p<0.01), LF (p=0.02), and LT (p<0.01) com-
partments for T2. T1ρ  was significantly higher in the non-injured 
trochlea (p=0.03). After age stratification (< or ≥ 20) the younger 
group (N=12) showed significant changes in LT only. The posterola-
teral tibia, a subcompartment of LT, showed elevations (p ≤ 0.0001 
for N=37) on the injured side at all sites and age groups. ANOVA 
showed no significant difference between sites (p>0.05).

 

Conclusion: T1ρ /T2 relaxation times are elevated in ACL injured 
knees. While damage in the posterior LT is consistent with the pivo-
ting injury mechanism, older patients tend to have cartilage injuries 
in other parts of the knee. 6 and 12 month post-surgical MRIs ob-
tained as part of this study may shed more light into the correlation 
between relaxation times and clinical findings. Finally, this study 
demonstrates the feasibility of expanding this technology to mul-
tiple institutions.
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P211
Clinical Observations of Femoral Head Cartilage Stippling and T2 
Mapping 3T MRI Analysis
C. Ho, N.S. Johnson, E.L. Carpenter, R.K. Surowiec, K.J. Wilson, 
G.J. Dornan, C.C. Gatlin, M. Philippon  
Vail/United States of America

Methods and Materials: This study was IRB approved and all sub-
jects provided informed consent. Fifteen patients with femoral chon-
dral stippling at arthroscopy were retrospectively enrolled (27.6 ± 
6.9 years, 7 male/8 female). Stippling was defined as innumerable 
segments of depressed articular cartilage interposed between un-
affected appearing cartilage throughout the entire femoral head, 
thereby resembling a golf ball. Retrospective manual segmentation 
of standard clinical 3T hip MRIs, which included T2 mapping scans, 
were performed by two musculoskeletal trained radiologists. Me-
dian T2 values and texture analysis of the acetabular and femoral 
cartilage were calculated (fig1). Distribution of T2 values and tex-
ture variables were summarized using means with 95% confidence 
intervals, medians with minima and maxima, and compared utilizing 
paired t-tests.

 

P213
Characterization of focal cartilage lesions in the degenerative 
knee. A radiologic, spectroscopic, and biochemical study.
G. Spahn, E. Müller-Obliers, I. Ivana Stojanovic, M. Aurich, G. Baumgarten, 
M. Hoffmann, T. Kaschowitz, H. Plettenberg, G.O. Hofmann  
Eisenach/Germany

Purpose: This prospective study was undertaken to evaluate the 
macroscopically intact defect margins as well as the non-affected 
joint surface in patients with focal cartilage lesions within the pa-
tella or the medial condyle. We hypothesized that focal lesions are 
only part of a general degenerative process within the knee. 

Methods and Materials: Ten patients with focal cartilage lesions of 
underwent autologous cartilage transplantation (ACT). The knees 
were evaluated by 1.5 T magnetic resonance imaging tomography. 
The arthroscopic grading was based on the International Cartilage 
Repair Society (ICRS) score and near infra-red spectroscopy (NIRS). 
Biopsies from defects and the intact margins were taken, histology 
was evaluated, and collagen, glycosaminoglycan, and DNA content 
were measured.

Results: The main defect was classified as focal lesions grade IIIb 
to IV with intact margin. The other joint surfaces were judged as 
normal or nearly normal (ICRS grade >IIIa). The main defect was un-
derestimated in 9 of 10 patients. Whereas there was no visual evi-
dence of cartilage lesions within the non-affected joint areas, NIRS 
uncovered severe general joint degeneration. NIRS values within 
the defect margins were not different from the defect centers. The 
same was observed for all other joint surfaces with apparent normal 
cartilage. No differences were established between defects and the 
intact margins with respect to histological findings and biochemical 
values.

Conclusion: Focal cartilage defects often occur within the load-be-
aring zone of the knee (patella and medial condyle). Regarding the 
spectroscopic and biochemical analysis, there are no differences 
between the residual cartilage in the defects and the apparently 
intact cartilage in the defect margins. Furthermore, NIRS measure-
ment demonstrates a pathological spectroscopic behavior in all 
other joint surfaces. Therefore, focal cartilage defects are part of the 
general cartilage degeneration.

P214
Severe Cartilage abnormalities in morbidly obese children and 
adolescents: a case control study
H. Widhalm1, R. Seemann1, A. Neuhold1, S. Hajdu1, K. Widhalm2  
1Vienna/Austria, 2Salzburg/Austria

Purpose: Overweight and obesity are afflictions leading to an incre-
ased risk to health. In addition to co-morbidities such as dyslipide-
mia, insulin resistance, and hypertension orthopaedic abnormali-
ties, including joint problems are on the rise.

Methods and Materials: A sample of 39 morbidly obese children 
and adolescents has been included in the study. Of these, 20 pati-
ents (11 males/9 females) average age 14.2 years, presented with 
permanent knee pain were allocated to group A, and 19 patients (10 
males/9 females) average age 14.4 years, suffered from incidental 
or no knee pain were assigned to group B. 18 sex and age-matched 
healthy, normal weight volunteers acted as a control group (group 
C). MRI examinations were performed in all subjects, followed by 
an analysis of the images according to the condition of the cartilage 
surface and the meniscus. Furthermore patients’ subjective health 
was assessed by means of four well-known knee scores (IKDC, 
KOOS, Tegner/Lysholm, and VAS). 

Results: In 38 of 39 morbidly obese children and adolescents, a 
marked cartilage lesion could be shown by MRI in at least one regi-
on of the knee. Morbidly obese subjects with permanent knee pain 
showed significantly (p<0.001) more cartilage lesions compared to 
subjects with incidental or no knee pain, and the control group. All 
the KOOS subunits and IKDC showed increasing scores from group 
A to B to C (p< 0.001, pBonferroni < 0.001). Inter-observer reliability 
showed significant values (p< 0.001) for cartilage (Cohen’s kappa 
0.604), meniscus  (Cohen’s kappa 0.522), and effusion (Cohen’s 
kappa/ICC 0.979), respectively.

Conclusion: MRI is an appropriate method for detection of cartilage 
lesions in morbidly obese subjects. Study results are confirming the 
association of morbid obesity and early lesions of the knee carti-
lage, whereas degree and prevalence of examined pathologies are 
directly associated with reported knee pain. 

P215
Influence of gene expression on cartilage regeneration after 
matrix-associated autologous chondrocyte transplantation
C. Albrecht, C.A. Reuter, D. Stelzeneder, L. Zak, B. Tichy, S. Marlovits, 
S. Trattnig, S. Hajdu, S. Aldrian  
Vienna/Austria

Purpose: The aim of our study was to analyze the influence of gene 
expression of matrix proteins and interleukin-1β (IL-1β) in cartilage 
transplants on the quality of repair tissue after matrix-associated 
autologous chondrocyte transplantation (MACT) evaluated by MRI.

Methods and Materials: Gene expression of cartilage matrix pro-
teins (Col1, COL2, aggrecan) and IL-1β was analyzed in cartilage 
transplants (Novocart 3D, n=28) by real-time PCR. From the same 
patients MRI follow-ups were performed at 3, 6, 12 and 24 months 
after surgery at 3 Tesla. At each time point the MOCART score and 
T2 values of the transplant region were determined. The T2 maps 
were manually segmented on a central sagittal (femoro-tibial) or 
axial (patello-femoral) slice, with one region for the transplant and 
one for healthy control cartilage. Correlation analyses were perfor-
med between gene expression and the ratio of T2 relaxation time of 
transplant region to healthy control cartilage (T2 index).

Results: The T2 relaxation times of the MACT graft showed signi-
ficant improvement over time, with decreasing values from 76.1 
milliseconds at 3-month follow-up to 49.4 milliseconds after 24 
months. This value was very similar to the T2 relaxation time of the 
adjacent hyaline cartilage (50.2 milliseconds). COL2 expression 
showed a negative correlation with the T2 index after 24 months (r 
= -0.616, p<0.025). No correlations were found for the other matrix 
components or IL-1β.

Conclusion: Conclusion: Our data demonstrate a good graft matu-
ration during the two year follow-up reaching T2 values comparable 
with healthy hyaline cartilage. Furthermore, graft maturation seems 
to be positively influenced by transplants seeded with chondrocytes 
expressing high amounts of collagen type II.
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P216
How much does shoulder arthroscopy findings corroborate daily 
practice MRI reports?
H. Ozkan1, N. Can1, S. Ekinci2, E. Yalcin1, M.H. Gemci1, E.E. Bahtiyar1, 
S. Tunay1  
1Ankara/Turkey, 2Agri/Turkey

Purpose: Shoulder injuries are frequent pathologies that usually 
occur in daily and sport activities. The aim of this study was to com-
pare shoulder arthroscopy findings and magnetic resonance ima-
ging (MRI) reports (daily practice reports from different centers) of 
the patients and to evaluate the reliability and validity of MRI for 
diagnosing shoulder pathologies. 

Methods and Materials: The retrospective research involved 85 
patients (45 male, 40 female) with shoulder pathology who under-
went MRI followed by arthroscopic surgery between January 2011 
– December 2013. The mean age of the patients was 43 (range, 19 to 
75). MRI reports of the patients were routine reports from different 
centers. Arthroscopic surgery was performed in same clinic by three 
experienced orthopaedic surgeons. To compare the results of MRI 
we used arthroscopy which is the gold standard for diagnosis.

Results: For the identification of Bankart lesions the sensitivity, 
specificity, positive predictive value (PPV) and negative predictive 
value (NPV) of MRI were 52.9%, 92.6%, 64.3%, 88.7% respectively. 
For osseous Bankart lesions they were 100%, 96.4%, 25%, 100%. 
For the evaluation of Hill-Sachs lesions sensitivity was 50%, spe-
cificity was 88%, PPV was 9.1% and NPV was 98.6%. The sensitivi-
ty, specificity, PPV and NPV were 88.2%, 74.5%, 69.8%, 90.5% for 
rotator cuff lesions; 60.0%, 91.3%, 30.0%, 97.3% for biceps long 
head lesions; 90.9%, 90.5%, 76.9%, 96.6% for bursal pathologies 
and 92.5%, 80.0%, 80.4%, 92.3% for akromion pathologies respec-
tively.

Conclusion: MRI is widely used for the assessment of shoulder pa-
thologies and for planning surgery. The sensitivity of MRI was re-
latively low in our study especially for Bankart lesions, Hill-Sachs 
lesions and long head of biceps lesions. The question is ‘‘Should 
we be more careful while taking into account the MRI reports when 
planning surgery?’’ 

P217
The reliability and validity of magnetic resonance imaging in 
comparison to arthroscopy in knee injuries
H. Ozkan, N. Can, E.E. Bahtiyar, M.H. Gemci, E. Yalcin, S. Tunay, 
K. Koca  
Ankara/Turkey

Purpose: Magnetic resonance imaging (MRI) which is a non-invasive 
and radiation-free imaging modality is frequently using by orthopa-
edic surgeons for diagnosing knee injuries. The aim of this study 
was to compare knee arthroscopy findings and MRI reports (daily 
practice reports from different centers) of the patients and to eva-
luate the reliability and validity of MRI for diagnosing knee injuries.

Methods and Materials: The retrospective research involved 186 
patients (154 male, 32 female) with knee injury who underwent MRI 
followed by arthroscopic surgery between January 2011 – January 
2014. The mean age of the patients was 25.7 (range, 16 to 79). MRI 
reports of the patients were daily practice reports from different 
centers. Arthroscopic surgery was performed in same clinic by three 
experienced orthopaedic surgeons. To compare the results of MRI 
we used arthroscopy which is the gold standard for diagnosis.

Results: For the identification of anterior cruciate ligament (ACL) in-
juries the sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) of MRI were 95.7%, 57.7%, 65.5%, 
94.0% respectively. For medial menisceal tears they were 88.4%, 
53.4%, 63.7%, 83.3%. For the evaluation of lateral menisceal tears 
sensitivity was 46.4%, specificity was 82.1%, PPV was 42.6% and 
NPV was 84.3%. The sensitivity, specificity, PPV and NPV were 
32.1%, 92.5%, 53.1%, 83.6% for osteochondral lesions of the pa-
tella; 19.0%, 98.3%, 50.0%, 93.0% for osteochondral lesions of the 
femoral notch; 31.0%, 89.5%, 53.7%, 76.8% for osteochondral lesi-
ons of femoral condyles and 15.2%, 91.7%, 29.2%, 82.9% for supra-
patellar plica respectively.

Conclusion: The sensitivity and NPV of MRI was low but PPV was 
relatively high in our research especially for osteochondral lesions, 
plicas and lateral menisceal tears. In the light of this, we can consi-
der using MRI as a negative diagnostic tool for knee injuries.

P218
Evaluation of Intraoperative Retention of Autologous 
Chondrocytes on Type I/III Collagen Scaffold (Ortho-ACI™) for 
Cartilage Repair
R. Crowe, C. Willers, T. Cheng, A. Wang, M. Zheng  
Perth/Australia

Purpose: To optimise the cost effectiveness of MACI, we have de-
veloped a new intraoperative procedure (Ortho-ACI™) of seeding 
chondrocytes onto the type I/III collagen scaffold and reported on 
laboratory validation of the procedure and clinical outcomes of Or-
tho-ACI™.

Methods and Materials: We tested cell retention on the scaffold by 
confocal microscopy at 7, 15, 20, 40, 60, 90 and 120 minutes after 
seeding, and the molecular profile (collagen II, aggrecan, SOX9, HA-
PLN1) of chondrocytes seeded at 20 minutes and 4 days (preopera-
tive seeding method). Fifteen Ortho-ACI™ patients with 25 cartilage 
defects were assessed by arthroscopic or magnetic resonance ima-
ging (MRI). Graft repair was graded as excellent, good, poor or no 
infill. Associations between repair outcome and case variables were 
also investigated. 

Results: Intraoperative seeded scaffolds had 79% cell retention at 
7 minutes, 97% at 20 minutes and 99% at 90 minutes. Molecular 
profiling at 20 minutes was more consistent with primary chon-
drocytes than at 4 days. Most grafts were to patella defects (36%), 
then medial femoral condyle and trochlea (total 80%). Good or ex-
cellent MRI outcomes were noted in 100% of grafts at a mean 25 
months follow-up (n=5). Good or excellent second look arthroscopy 
outcomes were noted in 83% of cases at a mean 17 months follow-
up (n=24). Graft-related complications were noted in 29% (7/24) 
of cases, with all presenting as graft edge tissue overgrowth. Six 
of these 7 overgrowth cases were graded as excellent arthroscopic 
repair. 

Conclusion: The Ortho-ACI™ procedure, utilizing chondrocytes see-
ding onto collagen scaffold in the theatre, retains viable cells with 
suitable molecular profile for implantation. With a limited number 
of cases, Ortho-ACI™ demonstrated good to excellent MRI and ar-
throscopic repair outcomes. Although more long-term data is nee-
ded, the findings of this study suggest that the Ortho-ACI™ proce-
dure is safe, clinically effective and represents an innovative and 
cost-effective ACI procedure.

P219
Outcomes of Autologous Chondrocyte Implantation following 
Failed Microfracture
A.J. Riff, A.B. Yanke, N. Scalise, A.K. Tilton, B. Cole  
Chicago/United States of America

Purpose: Reports in the literature suggest inferior outcomes of Au-
tologous Chondrocyte Implantation (ACI) following microfracture 
compared to primary ACI. This study aimed to evaluate clinical out-
comes of ACI following failed microfracture in the knee and compare 
these outcomes to primary ACI.

Methods and Materials: Patients were identified who underwent 
ACI for symptomatic chondral lesions of the knee following failed 
microfracture. Postoperative data included reoperation rate and 
several subjective scoring systems at a minimum of 2 years. A 
group of 82 patients, well-matched by age and preoperative sub-
jective scores, who underwent primary ACI of the knee was used 
as a control group. Statistics were performed in a paired manner 
using Student’s t-test for continuous data and Chi-square test for 
nominal data.

Results: Ninety-two patients met the inclusion criteria. The average 
patient age was 30.1 years at the time of ACI. ACI was performed 
in the tibiofemoral compartments in 42 patients, the patellofemoral 
compartment in 38 patients, and in both in 12 patients. Follow-up 
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was available on 84 of 92 patients (91%) at an average 46 months 
postoperatively. Reoperation rates in the study and control groups 
were 23% and 13% respectively (p=0.22). No statistically significant 
differences were witnessed between the study and control groups 
(p>0.05) with regard to Lysholm (67 v. 68), IKDC (63 v. 63), KOOS 
pain (78 v. 78), KOOS symptoms (74 v. 74), KOOS sport (53 v. 51), 
KOOS quality of life (50 v. 54), SF12-P (41 v. 41), and SF12-M (56 v. 
56) (Figure 1). For the study group, significant improvements were 
witnessed for all measured subjective scores (Figure 2).

 

Conclusion: While other series have demonstrated inferior results 
following previous microfracture, our series suggests that in appro-
priately selected patients who have failed microfracture, ACI may 
render clinical results as a second line treatment that are compara-
ble to primary ACI.

P220
Survival rates of different autologous chondrocyte implantation 
(ACI) grafts in a single center prospective cohort over 15 years
M. Drobnič, D. Martinčič, J. Merkač, D. Radosavljevic  
Ljubljana/Slovenia

Purpose: All patients with ACI of any kind have been prospectively 
followed in a web-based registry since the first implantation. The 
aim of current study is to analyze survival rates of ACI grafts of this 
entire prospective patient cohort from 1996 to 2011, and to define 
risk parameters for failures or serious adverse events.

Methods and Materials: One hundred forty eight patients were tre-
ated over 15 years: 45 classical periosteum grafts, 31 collagen scaf-
fold + periosteum, 27 collagen scaffold + membrane, 10 collagen 
scaffold alone, 15 alginate-agarose, and 20 collagen-hydroxyapatite 
three layer scaffold. The following outcome parameters were evalu-
ated: serious adverse events related to cartilage grafts, graft failu-
res, and adverse events unrelated to cartilage graft. Parameters that 
were analyzed as risk factors were age, sex, BMI, type of lesion, size 
of lesion, lesion location, number of previous surgeries, and conco-
mitant procedures.

Results: The preliminary analysis revealed: A) increased rate of se-
rious adverse events in classical periosteum grafts (due to tissue 
hypertrophy), alginate-agarose scaffolds (due to post-operative sy-
novitis) and collagen-hydroxyapatite scaffolds (due to post-opera-
tive synovitis and adhesions); B) failure rate (below 5% in total) was 
comparable between different grafts and it had always occurred wi-

thin two years after surgery; C) ACL reconstruction or meniscus sur-
gery at the time of autologous chondrocyte implantation increased 
the rate for graft unrelated adverse events; D) age, sex, BMI, type of 
lesion, size of lesion, lesion location, number of previous surgeries, 
and concomitant PF realignment or osteotomy had no influence on 
graft survival in this preliminary patient group.

Conclusion: ACI offers low-risk and durable cartilage repair option 
for different types of individuals. Certain grafts tend to increase risk 
for early serious adverse events, but that does seem to decrease 
long term success if treated accordingly. Concomitant ligament and 
meniscus injuries increase the likelihood for graft unrelated re-in-
terventions.

P221
The Treatment Of Cartilage Defects Of Bearing Joints Using 
Autologous Chondrocyte Implantation
T. Otasevic1, P. Valis1, M. Rouchal1, J. Novak1, M. Repko1, A. Sprlakova1, 
Z. Pavlovsky1, M. Krbec2  
1Brno/Czech Republic, 2Prague/Czech Republic

Purpose: The treatment of chondral and osteochondral defects of 
weight-bearing joints (knee, ankle) still represent a serious thera-
peutic problem, especially for minimal ability to repair of articular 
hyaline cartilage. The authors presented long-term clinical and ra-
diological results of treatment of deep chondral and osteochondral 
defects of the knee and ankle joint using the method of solid chon-
drograft implantation.

Methods and Materials: The method of solid chondrograft implan-
tation we use since 2001. During that time were operated 132 pati-
ents. Clinical evaluation of the results of operations are performed 
using the Lysholm knee score and Mazur ankle score. Patients un-
dergo regular MRI scans, which are evaluated by MOCART score. In 
case the patient underwent second look arhtroscopy, we sourced 
tissue sample from the site of implantation for histological and im-
munohistochemical examinations.

Results: 86 men and 46 women were threated using this method. 
Postoperative follow-up interval is 5 - 156 months, average follow-
up 46 months. Comparison of preoperative Lysholm and Mazur 
score with the values after both one, two and five years after surge-
ry show a significant improvement of function of the weight-bearing 
joints. Average Lysholm knee score before operation was 37.5, in in-
terval of 5 years after surgery increases to the average value of 88,5.

Average preoperative Mazur ankle score was 30.0, five years after 
the operation rises to an average score 89,7. Evaluation MOCART 
score shows complete filling of the defect after one year from the 
operation up to 85% of patients. Hyaline chondral tissue was de-
tected in 100% samples by microscopic examination, and collagen 
type II was present in 100% samples examined by imnunohistoche-
mistry.

Conclusion: According to our experience, clinical, radiological and 
histological examination, method of autologous cultured chondro-
cytes provides very good long-term clinical outcomes and ensures 
restoration of hyaline articular cartilage. The excellent results achie-
ved allowed the patients to return to normal activity levels.

P222
Pre-Operative Video Education Has a Positive Impact On 
Patient Arthroscopic Surgical Experience But May Not Improve 
Satisfaction Scores
G.J. Barton1, S.C. Chudik2  
1Maywood/United States of America, 2Westmont/United States of 
America

Purpose: Patient education can affect surgical outcomes almost as 
much as the surgical treatment itself; effective communication bet-
ween physicians and patients is critical. This study is a randomized 
controlled trial regarding the use of a preoperative educational 
video in patients undergoing elective joint arthroscopy. We hypo-
thesize that showing patients a pre-operative educational video will 
improve patients’ surgical experience and satisfaction.
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Methods and Materials: 267 consecutive patients undergoing elec-
tive joint arthroscopy from July 2013 to April 2014 were consented, 
enrolled in the IRB-approved study protocol and randomized to a 
control or study group. The study group was shown an educational 
video detailing the surgical experience, and provided with routine 
perioperative informational handouts. The control group did not see 
the video and only received the informational handouts. At the two-
week post-operative appointment, all patients completed a patient-
reported outcome questionnaire based on validated predecessors. 
The surgeon and principal investigator were blinded to which group 
the patients were enrolled.

Results: Outcome questionnaires for all participants were included 
in the final analysis. No statistically significant differences were 
reported for most measures. Satisfaction scores were high in both 
groups, 4.72 for the study group and 4.75 for the control group, out 
of 5. Patients who viewed the pre-operative video found the routine 
perioperative informational handouts less useful than the control 
patients who did not view the video (p=0.03).

Conclusion: Showing patients a pre-operative educational video 
failed to demonstrate statistically significant improvements in pa-
tient experience and satisfaction by most measures. Both groups 
scored high on satisfaction questionnaires, making it difficult to 
demonstrate an improvement. Patients who were given the video 
pre-operatively found the general handouts to be less helpful than 
patients who were not shown the video. Possibly, a video is a more 
effective way to pre-operatively educate and prepare patients for 
surgery and may benefit surgeons whose practices have lower pa-
tient satisfaction.

P223
Arthroscopic autologous matrix induced chondrogenesis in the 
treatment of failed surgery of ankle osteochondral lesions
N. Carvalho, R. Caetano, N. Corte-Real  
Lisboa/Portugal

Purpose: Ankle osteochondral lesions are common lesions seen by 
ankle surgeons. The current treatment of choice for this lesion is 
microfracturing with success rates reported above 80%. However, 
failed initial surgery is a challenging situation, as there is no es-
tablished guidelines. This study has the objective to report on the 
authors experience with arthroscopic autologous matrix induced 
chondrogenesis (AMIC) in patients with previous failed treatment.

Methods and Materials: Six patients with failed microfracture treat-
ment of ankle osteochondral lesions were selected for arthroscopic 
autologous matrix induced chondrogenesis. In all but one patient, 
surgery was performed all-arthroscopically. One patient had ar-
throscopic microfracturing but due to location needed open trans-
malleolar matrix membrane placement. All cases were followed 
prospectively and all patients were available for follow-up at a mi-
nimum of 12 month. Patients were evaluated clinically and with the 
AOFAS ankle hindfoot score. Lesions were assessed with MRI pre 
and post operatively.

Results: Of the six operated patients, one developed complex regi-
onal pain syndrome and there were no other complications. Mean 
pre-operatively AOFAS score was 54 and post operatively 83. MRI 
showed healing of all but one chondral lesions. Second look ar-
throscopy was made in two patients, confirming successful cartila-
ge regeneration.

Conclusion: Failed initial treatment of ankle osteochondral lesions 
is a challenging problem for the orthopaedic surgeon, as there is not 
enough published information on this subject. AMIC was success-
fully employed in six consecutive patients with complete healing at 
a minimum of one year follow-up. This kind of procedure, even in the 
face of large and posterior lesions can be done all arthoscopically 
without aparent drawbacks and with the known obvious advantages 
over open surgery, which is mandatory for other salvage procedures 
like OATS or ACI. Although this is a small series, it shows compelling 
evidence for using AMIC as salvage procedure over failed initial sur-
gery and grants the need for further research.

P224
Osteochondritis Dissecans of the Humeral Capitellum; the 
Importance of Lesion Location
P. Saluan, J. Kolmodin  
Cleveland/United States of America

Purpose: To examine the current literature to determine the effect of 
lesion location on treatment of capitellar OCD lesions. We hypothe-
sized that lesions located laterally on the capitellum require more 
aggressive surgical interventions to achieve satisfactory outcomes. 

Methods and Materials: Clinical studies that specifically commen-
ted on the location of the OCD defect on the capitellum were ga-
thered using a literature search of PubMed, Scopus and Cochrane 
databases. Case reports, review articles, and articles that did not 
include information regarding the location of the OCD lesion on the 
capitellum were excluded.

Results: Inclusion criteria were met by six studies. When autograft 
reconstruction was undertaken, reliable outcomes were obtained 
regardless of lesion location, as 91% (21/23) of central lesions and 
87% (26/30) of lateral lesions had excellent or good outcomes 
using the Timmerman and Andrews score. There was a trend toward 
improved outcomes with more aggressive surgical management of 
lateral lesions, particularly those involving the lateral cartilage mar-
gin. A high failure rate was observed for non-reconstructive opera-
tive management for lateral lesions; failure rates for peg fixation of 
lateral lesions was seen to be as high as 44% (4/9) in one study. 

Conclusion: There are a limited number of studies regarding the 
effect of capitellar OCD lesion location on surgical outcome. The 
literature suggests that lesions located on the lateral capitellum—
specifically those involving the lateral cartilage margin—require 
more aggressive surgical management than those located medially 
to achieve satisfactory outcomes. A refinement of the Takahara clas-
sification is proposed, which accounts for lesion location as a factor 
influencing surgical decision making. 

Proposed Update to the Takahara Classification

Capi-
tellar 
Physis

Radio- 
graphic 
Grade

ROM Location Manage-
ment

Type I Open I Normal N/A Rest

Type II Closed II/III Restricted 
> 20 degrees

Medial 
to radial 
head 
center 
line

Debride-
ment

Type 
IIIa Closed II/III Restricted 

> 20 degrees

Exten-
ding 
lateral 
to radial 
head 
center 
line

Repair or 
Re-
construc-
tion

Type 
IIIb Closed II/III Restricted 

> 20 degrees

Exten-
ding 
lateral 
to radial 
head 
center 
line, 
inclu-
ding the 
lateral 
margin

Re-
construc-
tion
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P225
Clinical Outcomes Following Surgical Treatment for 
Osteochondral Lesions of the Talus: A Systematic Review
M. Harris, E.J. Fraser, D. Kugelman, C.P. Hannon, C.D. Murawski, 
J. Kennedy  
New York/United States of America

Purpose: To perform a systematic review on the clinical outcomes of 
all surgical treatment options for OCLs of the talus.

Methods and Materials: A search of PubMed/Medline and EMBASE 
databases using the following parameters: (talar OR talus OR an-
kle) AND (cartilag$ OR osteochondritis dissecans OR chondral OR 
osteochondral OR transchondral OR defect OR lesion). The inclusi-
on criteria included only surgical treatments for OCLs of the talus. 
Non-surgical treatment, OCLs not located in the talus, follow-up 
less than 6 months, and no-well defined outcome reported were ex-
cluded. ; OCL scoring system, pre-operative duration of symptoms, 
type of surgery, average follow-up, and AOFAS scoring pre and post-
operatively. Studies were analysed, with comparisons and contrasts 
highlighted between the surgical treatments.

Results: A total of 75 papers were included in our review. 1 RCT was 
identified. Treatments included; 6 ACI; 6 MACI; 4 debridement and 
curettage; 13 curettage and drilling; 10 microfracture; 6 mosaicplas-
ty; 17 OATS; 8 fresh allograft transplantations; 1 particulated juveni-
le cartilage; 1 metal implantation, 1 bone graft substitute implanta-
tion, and 2 one-step repair with Bone marrow aspirate concentrate 
(BMAC). The average time to follow-up was 40.4 months over all 
studies. Success of treatment was quantified by the use of the AO-
FAS hind-foot scoring system in 70% (n =51) of studies. Overall, suc-
cess rates were seen to be high after microfracture at around 91%, 
followed by OATS (86%), Mosaicplasty, (82%) and chondrocytes 
implantation at approxiamately 78-81%. Follow up times and lesion 
size varied considerably. 

Conclusion: Overall good clinical results were generally achieved. 
Given the hetrogeneity of the patient group it appears their is no 
true consensus around patient selection for different procedures. 
We found that given the current evidence it is difficult to establish a 
clear consensus as to the best treatment option for OCL of the talus.

P226
Tissue regeneration by human degenerated nucleus pulposus 
cells in different hydrogels
A. Krouwels, A.H.M. Kragten, S.G.M. Plomp, W.J.A. Dhert, F.C. Öner, 
L. Creemers  
Utrecht/Netherlands

Purpose: Hydrogels have been shown promising in counteracting 
intervertebral disc degeneration. Although many hydrogel materials 
have been studied, very few comparisons have been made between 
various materials. This study aims to gain more understanding of 
extracellular matrix production by human nucleus pulposus (NP) 
cells and provide a more solid basis for the choice of material for in 
vitro models or in vivo regeneration.

Methods and Materials: Hydrogels of six different materials were 
prepared and human Thompson grade III NP cells were incorpora-
ted at 2*106 cells/ml. All gels were cultured in 48 wells plates for 4 
weeks in DMEM with 10% FCS, 2% ascorbic acid-2-phosphate and 
1% penicillin/streptomycin. Dimethylmethylene blue (DMMB) assay 
for glycosaminoglycans (GAGs) and Picogreen for DNA content were 
performed as well as histology. Empty gels were taken as controls. 
Univariate analysis of variance with randomized block design and 
post-hoc Tukey were performed (significant when p<0.05).

Results: Fibrin and collagen II gels degraded during culture, leaving 
a cell pellet rather than a hydrogel construct. Morphology of cells in-
corporated in fibrin, Hystem and collagen II gels was elongated, es-
pecially around the edge of the tissue/construct. In alginate, agaro-
se and GelMA gels, the cells were rounded. Alginate interfered with 
the DMMB assay and resulted in an overestimation of GAG produc-
tion. After subtraction of background values, the highest amount of 
GAG expressed per DNA was found in agarose gels, but the diffe-
rence was only significant when comparing to fibrin and Hystem.

 

Conclusion: The current study provides an overview of NP cell beha-
vior in different hydrogels. Differences between hydrogels are most 
likely based on several characteristics such as porosity, fixed char-
ge density and stiffness. In terms of extracellular matrix production, 
the 2% agarose gel is a suitable candidate. Whether this is also the 
case for in vivo application will require further research.

P228
Medial Meniscal Polyurethane Implant in ACL-Reconstructed 
Knees: Comparative Study With Short-Term Follow-Up
D. Popescu, M. Medina, V. Barro, J.M. Segur, F. Macule  
Barcelona/Spain

Purpose: The long-term effects of the meniscectomy are well known. 
Efforts are done in order to prevent the appearance of an early oste-
oarthritis in a post-meniscectomized knee, especially associated to 
an ACL reconstruction. The purpose of this study is to evaluate the 
short –term results and safety of a meniscal polyurethane substitute 
ACTIFIT® in a medial meniscectomized ACL-reconstructed knees.

Methods and Materials: 22 patients with ACL-deficient knee asso-
ciated to medial meniscal lesions were randomized in two groups: 
Group A – ACL reconstruction & meniscectomy , Group B – ACL 
reconstruction & meniscectomy with polyurethane substitute. In-
clusion criteria were ACL-deficent knees with symptomatic medial 
meniscal lesions greater than 25mm in patients younger than 45 
years old. A cartillage lesion grade III or IV Outerbridge greater 
than 1cm2 was an exclusion criteria. All ACL reconstructions were 
performed with an anatomic harmstrings single-bundle technique. 
Both groups were clinically evaluated preoperatively, at 1, 6 and 
12-months follow-up using the Lysholm, Tegner and KOOS scores. 
Weight-bearing x-rays of both knees were used to evaluate the joint 
space narrowing before and after the surgery.

Results: Both groups were comparable regarding age, sex, level of 
activity, clinical tests or cartillage lesions. At 6-months follow-up 
we detected lower KOOS score in Group B. At 1-year follow-up no 
statistically significant differences were found between the groups 
regarding Lysholm, Tegner, KOOS scores or clinical stability tests. 
No joint space narrowing was detected in either of the groups at 
1-year follow-up. Two reinteventions were performed in Group B (1 
stiffness, 1 implant removal) and one in Group A (revision ACL after 
casual fall).

Conclusion: The use of a polyurethane meniscal substitute simul-
taneously with an ACL reconstruction is a safe procedure . At 1-year 
follow-up no clear advantage for its use. Long-term follow-up is 
needed in order to evaluate its beneficial effect over time after a 
meniscectomy.

P229
Meniscal Tear Repair in the Tibial Plateau Fracture: Description, 
Outcome and Second-Look Arthroscopy.
A. Valenzuela, C. Rojas, C. Sandoval, N. Gaggero, R. Abusleme, M. Vega  
Santiago/Chile

Purpose: To describe the meniscal tears pattern and repair by ar-
throscopic assisted reduction and internal fixation of tibial plateau 
fractures

Methods and Materials: Retrospective and observational study. In 
a cohort of 231 tibial plateau fracture treated with arthroscopically 
assisted reduction an internal fixation (ARIF) between September 
2007 to December 2013. We included 46 cases of meniscal tears 
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with repair indication. Demographic variables were considered, the 
fracture as proposed by Schatzker classification, chondral lesions 
according to ICRS, location and pattern of meniscal injury, meniscal 
suture device and repair configuraiton was assessed. Also the inme-
diate complications, the use of immobilization orthoses and the un-
loading of limb. The Microsoft Excel 2013 and STATA 12 software’s 
were used for tabulation and data analysis. Meniscorresis status at 
the time of the second-look arthroscopy was analyzed

Results: Mean follow-up was 2.4 years (range 0.7 to 5.4). The high-
est percentage of patients were male 33 (72%) and with Schatzker 
II fracture 26 (56.5%). Of 46 meniscorresis performed, 44 (95.7%) 
were at the lateral meniscus, disinsertions of the red-red zone in 
the body were the most common. At the time of the arthroscopic 
‘second- look’, 17 patients were included, all of them (100%) healed 
and only 3 (17.6%) had a new tear in the same meniscus sutured but 
in a marginal area (zone 3). No complications related to meniscal 
repair performed were observed.

Conclusion: Meniscal repair in tibial plateau fractures evolve with 
excellent healing potential. This cohort is one of the largest ever pu-
blished in the literature.

P230
Biodegradable polyurethane meniscal scaffold implantation: 
clinical results at 4 years
B. Di Matteo, G. Filardo, M.L. Merli, F. Perdisa, L. Andriolo, A. Di Martino, 
M. Marcacci, E. Kon  
Bologna/Italy

Purpose: The aim of the present study is to evaluate the safety and 
clinical efficacy of this novel polyurethane meniscal scaffold to treat 
partial meniscal loss at 4 years’ follow-up.

Methods and Materials: Twenty-two patients (14 men and 8 women, 
mean age: 43 yrs) affected by irreparable acute meniscal tears re-
quiring partial meniscectomy or chronic prior loss of meniscal tissue 
were enrolled in the study. They underwent arthroscopic polyure-
thane meniscal scaffold implantation (14 medial and 8 lateral) and, 
in case of presence of other comorbidities, concurrent procedures 
were also performed. Patients were prospectively evaluated up to 
4 years of follow-up through IKDC objective, IKDC subjective, and 
Tegner scores.

Results: A statistically significant increase in all the clinical parame-
ters considered was found. The IKDC objective score increased from 
68% of normal or nearly normal knees at basal evaluation to 91% 
at 2 years of follow-up (p=0.01), a percentage which was confirmed 
also at the final 4 year evaluation. There was also a significant incre-
ase in the IKDC subjective score both at 6 and 12 months of follow-
up (p=0.03 and p<0.005), with stable results up to 48 months. The 
Tegner score also showed a significant increase from the pre-opera-
tive level (median value 2, range 1-5) to 24 months evaluation (me-
dian value 3, range 2-5; p=0.005) and then stable results at 4 years, 
albeit it was not possible to reach the same pre-injury sport activity 
level. Three patients failed and required further surgical treatment 
on the same knee.

Conclusion: The implantation of this novel polyurethane scaffold 
proved to be a safe and potentially effective procedure to treat par-
tial meniscal loss with encouraging results at middle term-follow 
up. Further high-quality studies with larger numbers of patients and 
longer evaluation times are needed to confirm these data.

P231
Four-year results after treatment of segmental medial meniscus 
deficiency with a polyurethane meniscal scaffold
P.P. Roessler1, F. Haberhauer2, T. Efe2  
1Bonn/Germany, 2Marburg/Germany

Purpose: Segmental meniscal loss is associated with an increased 
risk of developing early osteoarthritis. The purpose of this study was 
to evaluate the mid-term efficacy of a novel polyurethane meniscal 
scaffold in the treatment of patients with painful knees following 
partial medial meniscectomy to avoid early osteoarthritis.

Methods and Materials: Ten consecutive patients with segmen-
tal tissue loss from the medial meniscus were treated with the ar-
throscopic implantation of an Actifit® (Orteq Sports Medicine) poly-
urethane meniscal scaffold. Patients were followed up at 6, 12, 24 
and 48 months postoperatively. Primary outcome measures inclu-
ded reporting of perioperative complications and patient-reported 
outcome scores (KOOS, KSS, UCLA Activity scale, VAS). Secondary 
outcome was MRI evaluation with a focus on scaffold morphology, 
integration and associated joint injury/inflammation.

Results: Nine male and one female patient(s) were included in this 
study, with a mean age of 33 years. No perioperative complications 
were reported. All patients were satisfied with the clinical outcome 
and would repeat surgery. Significant pain reduction (VAS) could 
be achieved after 24 and improved until 48 months. Patient activi-
ty (UCLA) could be improved after 24 but not maintained until 48 
months. The KSS showed significant improvements in both parts 
right after 6 months with a constant improvement until 48 months. 
All subject categories of the KOOS except for symptom (swelling) 
showed significant imporvements throughout the study. MRI ana-
lysis revealed presence of all scaffolds throughout the observation 
period, with evidence of tissue integration. No synovitis was noted 
in the joint or adverse reactions in the other compartments. A pro-
gress of previously stated cartilage defects could not be noted.

Conclusion: The Actifit® polyurethane scaffold has been shown to 
be a safe, effective implant for the treatment of patients with seg-
mental medial meniscus loss at a four-year follow-up. It should be 
considered as an established treatment option for meniscus defici-
ency today.

P232
Results of isokinetic testing among patients after Arthroscopic 
technique of collagen Matrix-based Meniscus Repair (AMMR).
A. Prusińska, T. Piontek, K. Ciemniewska-Gorzela, J. Naczk, 
M. Grygorowicz, W. Dudzinski  
Poznan/Poland

Purpose: The meniscus is crucial for an appropriate functioning of 
the knee joint. The arthroscopic of collagen matrix-based menis-
cus repair (AMMR) method has been developed in our clinic. The 
method is dedicated for avascular meniscus tear treatment. Early 
results have confirmed the possibility of obtaining the meniscal he-
aling in the avascular zone. Our hypothesis is that the good result 
of meniscus treatment, using the AMMR technique, also depends 
on the restoration of muscle function. The aim of the study is to de-
monstrate complex physiotherapeutic treatment based on results 
of knee extension-flexion isokinetic tests.

Methods and Materials: 47 patients (age39,57 ± 13.01 years; weight 
82.96±12.75 kg; height 179.30±8.34 cm) with meniscus tears had 
undergone AMMR surgery, and had taken part in this ongoing pro-
spective study. The rehabilitation process had been carried out 
among all patients according to the same protocol of rehabilitation. 
Figure 1 shows the illustrated protocol of rehabilitation. Subjects 
had been tested with isokinetic dynamometry (Biodex System 3 
Pro) . Up till now 37, 28 and 21 patients had undergone isokinetic 
evaluation in 6, 12 and 24 months after surgery, respectively.
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Results: 

Factor 6 months 12 months 24 months

FLEXI-
ON

EXTEN-
SION

FLEXI-
ON

EXTEN-
SION

FLEXI-
ON

EXTEN-
SION

PT 0,0817 0,0001 0,1612 0,0273 0,6963 0,3226

PT/BW 0,0284 0,0001 0,8030 0,0062 0,8381 0,1713

TW_BW 0,4323 0,0148 0,3261 0,0788 0,4677 0,3045

statistically significant differences

In Table 1 presents the results of statistically significant differences 
between isokinetic strength factors and endurance muscles in ope-
rated and non-operated legs.

Conclusion: 1) 12 months of rehabilitation after matrix induced auto-
logous meniscus regeneration technique is needed to restore mus-
cle forces and obtain good subjective results. 2) Even if the therapy 
process in some patients extends in time, the described AMMR sur-
gery and rehabilitation approach allows a full return to sport activity 
by patients for whom repair options had been limited up till now.

P233
Complex Meniscus Tears Treated With Collagen Matrix Wrapping 
and Bone Marrow Blood Injection. A Two Year Clinical Follow-up 
Results
T. Piontek1, K. Ciemniewska-Gorzela1, M. Slomczykowski1, R. Jakob2, 
J. Naczk1  
1Poznan/Poland, 2Motier/Switzerland

Purpose: To collect and analyze a 2 year follow up clinical and MRI 
results of patients treated with a arthroscopic technique of collagen 
matrix-based meniscus repair.

Methods and Materials: A series of patients meeting inclusion cri-
teria were treated with a specially developed arthroscopic “all-in-
side” method of meniscus stabilization and wrapping with collagen 
membrane Chondro-Gide. All patients had been assessed preopera-
tively, and 24 months postoperatively. At every check point the IKDC 
2000 subjective score, IKDC 2000 clinical evaluation score, Lysholm 
score and Barret clinical criteria of meniscal healing were recorded. 
All patients received MRI examination 24 months postoperatively. 
Images were scored using modified WORMS criteria for medial and 
lateral meniscal integrity.

Results: 53 consecutive suitable patients had been treated.Two ye-
ars follow up period was achieved in 50 cases, 2 patients were com-
pletely excluded from the evaluation due to the incomplete data.
Two patients underwent partial meniscectomy and according to the 
pass-fail criteria were classified as failures. Based on pass-fail cri-
teria 46 patients were successfully treated. This value represents 
95.8% of the cases entered the prospective evaluation and 86.8% 
of the intended to treat cases.

 

There was a significant improvement in IKDC 2000 subjective and 
Lysholm scores. A statistically significant improvement in IKDC 
2000 clinical assessment was observed between preoperative and 
2 years follow up. The clinical assessment based on Barret crite-
ria demonstrate a clear tendency for improved clinical outcomes if 
compared pre and postoperative value. No patient was presented 
with positive Mc Murrey test. On MRI 74% of the operated menisci 
showed a non-homogeneous signal without meniscal tear and were 
classified as grade 1 according to WORMS classification. There were 
no correlationsvof the MRI findings with both clinical IKDC 2000 or 
IKDC 2000 subjective, and Lysholm scores.

Conclusion: 2 years follow up data obtained demonstrates that this 
surgical technique can offer an additional tool for difficult meniscal 
injuries.

P234
New insights into mouse limb synovial joint morphogenesis by 
Gdf5-CreER-T2, Dkk3CreER-T2 and Prg4CreER-T2 cell lineage 
tracing
R.S. Decker1, H. Um1, E. Koyama1, P. Maye2, D. Rowe2, M. Pacifici1  
1Philadelphia/United States of America, 2Farmington/United States 
of America

Purpose: There has been great interest in deciphering how the 
articular cartilage comes to acquire its multiple, distinct zones, in-
cluding the superficial zone that produces lubricants and contains 
stem/progenitor cells. We have demonstrated that populations 
of mesenchymal interzone cells at presumptive limb joint sites 
give rise to multiple joint tissues. What has remained unknown is 
whether unique subpopulations of cells exist within the interzone, 
if these cells selectively participate in development of specific joint 
tissues, and what roles they may have in postnatal joint phenotype 
and function. To address these questions, we developed and cha-
racterized three novel inducible-Cre mouse lines.

Methods and Materials: Female mice from our new Gdf5-CreER-
T2, Dkk3CreER-T2 and Prg4CreER-T2 transgenic strains were ma-
ted with male ROSA-tdTomato reporter mice which express red 
fluorescent protein in cells following Cre-mediated recombination. 
Pregnant females received single or multiple injections of tamoxi-
fen at embryonic stages E11.5-E17.5, and offspring were collected at 
E18.5 or postnatally.

Results: Staged injection of tamoxifen permitted selective labeling 
of cell populations within developing joints. In one such representa-
tive example, Dkk3CreER-T2; ROSA-tdTomato mice which received 
a single tamoxifen injection at E13.5 displayed labeling in the me-
niscus, synovium, and superficial 3-4 layers of the articular cartilage 
of the knee at birth (Fig. 1, A-B). At one month of age, some labeled 
cells extended throughout all layers of articular cartilage and into 
the secondary ossification center (Fig 1, C-D).
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Conclusion: Our data demonstrate the exciting potential of these 
novel inducible Cre lines for studying spatiotemporal Gdf-5, Dkk3 
and Prg4 activation in developing joints. Though preliminary, the-
se results suggest that sub-populations of progenitor cells emerge 
within the broadly defined joint interzone, hinting at their diverse 
joint formation capacity. Lineage tracing has revealed that progeny 
of these cells participate in postnatal joint morphogenesis, raising 
the intriguing possibility of their potential role in long-term mainte-
nance and repair of joint tissues. 

P235
Bisphosphonate Rescues Cartilage from Traumatic Damage Is 
Related to the Inhibition of Chondrocyte Mevalonate Pathway
Y. Zhou, M. Park, J. Ma, X..L. Lu  
Newark/United States of America

Purpose: We and others found that systemic injection of zoledronic 
acid (ZA), a bisphosphonate, could suppress the post-traumatic os-
teoarthritis (PTOA) in various animal models. Here, we hypothesized 
that 1) ZA can rescue the cartilage from traumatic damage under 
in vitro culture without the presence of bone, and 2) the chondro-
protective effects of ZA is related to the inhibition of chondrocyte 
mevalonate pathway.

Methods and Materials: Cartilage explants from calf knee joints 
were cultured in serum medium for 1 week to simulate joint blee-
ding induced trauma on cartilage, and then cultured in chondro-
genic medium supplemented with or without ZA. The longitudinal 
mechanical properties, spontaneous intracellular calcium ([Ca2+]
i) signaling of chondrocytes, GAG content, collagen content, and 
gene expression were measured. To investigate the involvement of 
mevalonate pathway, mevalonate derivatives (farnesol (FOH), gera-
nylgeraniol (GGOH)) were supplemented together with ZA to check 
whether they can cancel the chondro-protective effects of ZA.

Results: After serum damage, mechanical moduli of explants tre-
ated with ZA are significantly higher than the control (Fig. 1A-1B). 
Similar trend was found for the [Ca2+]i responsive percentage of 
chondrocytes and GAG content (Fig. 1C-1D). In ZA group, expression 
of anabolic genes (type I and II collagens) were significantly high-
er (Fig. 1F-G), while catabolic gene (ADAMTS5 and MMP-13) were 
significantly lower (Fig. 1I-J). GGOH together with ZA significantly 
dampened the chondro-protective effects of ZA in terms of mechani-
cal properties (Fig. 2B). [Ca2+]i responsive percentage in the ZA+FOH 
group was lower (p<.001) than the ZA+vehicle group (Fig. 2A).
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Conclusion: We found that ZA can rescue the trauma-damaged car-
tilage explants during in vitro culture without the presence of bone. 
This chondro-protective effect of ZA is related to the inhibition of 
mevalonate pathway, specifically the protein geranylgeranylation. 
Geranylgeranylation is required for MMP13 release. Therefore, lo-
cal treatment of bisphosphonate could represent a new therapeutic 
technique to prevent the initiation of PTOA.

P236
Molecular and Phenotypic Modulations in Knee Joints of 
Recombinant Inbred Mouse Strains Following Knee Injury
M.F. Rai, X. Duan, N. Holguin, J.D. Quirk, M.J. Silva, L. Sandell  
St. Louis/United States of America

Purpose: Joint trauma can result in a spectrum of acute lesions 
potentially leading to PTOA. We have shown that early molecular 
events, following tibial compression, include apoptosis and rear-
rangement of aggrecan distribution in C57BL/6J mice. We have also 
shown that two recombinant inbred mouse strains, (LGXSM-6 and 
LGXSM-33) generated from a LG/J by SM/J intercross, differ in vario-
us phenotypes: LGXSM-6 has the capacity to heal full-thickness ar-
ticular cartilage lesions and ear-wounds and is relatively protected 
from developing PTOA compared to LGXSM-33. In this study, we 
hypothesize that LGXSM-6 and LGXSM-33 will respond differently 
to mechanical loading.

Methods and Materials: We applied 6N, 9N or 12N compressive 
forces on the tibia of LGXSM-6 and LGXSM-33 mice. Knees were har-
vested at various time points (ranging from 5 to 56 days) following 
injury to evaluate the response of loading.

Results: Higher loading regimens resulted in transection of ACL 
along with thickening of synovial lining, as well as in a severe femo-
ral cartilage lesion (characterized by loss of proteoglycan, apoptosis 
and changes in the pattern of aggrecan and COMP expression). Ag-
grecan and COMP, normally present around the chondrocytes were 
internalized in the apoptosed chondrocytes at the site of injury. No 
such changes were observed in the contralateral non-loaded knees 
and no significant differences between the two strains were found. 
However, we noticed that LGXSM-33 showed early (at 14-days) ec-
topic synovial chondrogenesis although LGXSM-6 later (at 56-days) 
exhibited severe synovial ectopic calcifications in the loaded knees.

Conclusion: Mechanical injury to the knee results in a spectrum of 
changes that lead to PTOA. A cartilage with apoptosis and loss of 
proteoglycan with rearrangement of matrix proteins is likely to de-
generate in both genetic strains; however, the participation of the 
synovium is suggested to be differential. These results suggest pos-
sible early interventions that prevent injurious molecular events.

P237
Simvastatin Stimulates Avascular Meniscus Healing
S. Zhang, T. Matsushita, T. Matsuzaki, T. Matsumoto, K. Takayama, 
K. Nagai, S. Oka, M. Kurosaka, R. Kuroda, Y. Tabata  
Kobe/Japan

Purpose: To assess whether simvastatin can stimulate avascular 
meniscus healing

Methods and Materials: In vivo In rabbit, a full thickness cylindrical 
defect was created in the avacular portion of the medial meniscus 
bilaterally. Simvastatin-conjugated gelatin hydrogel was implanted 
in the left, while gelatin hydrogel alone in the right. Histology and 
immunochemistry assay were evaluated at 4,8, and 12 weeks. In vi-
tro Human lateral menisci were harvested from patients who recei-
ved Total Knee Arthroplasty. The lateral meniscus was divided into 
outer-side and inner-side, and the cells from the inner-side were 
cultured with or without simvastatin for 7 days. Real-time PCR was 
used to quantify gene expression. Ex vivo In an organ culture model, 
a 1-cm vertical tear was created in the inner avascular zone of the 
meniscus, and the meniscus was cultured with or without simvasta-
tin for 2 weeks. HE and safranin O staining were preformed.

Results: In vivo Regenerative tissue quality scores were superior in 
the simvastatin group at all end points (4 weeks, p=0.035; 8 weeks, 

p=0.014; 12 weeks, p=0.001). The quantity of regenerated tissue in 
the simvastatin group was greater at all end points, reaching signi-
ficance at 8 (p<0.05) and 12 weeks (p<0.05). The immunohistoche-
mistry assays demonstrated a strongly positive staining for BMP-2, 
type-I collagen and type-II collagen in the meniscal reparative tissue 
at 12-week time point in the simvastatin group. In vitro The real-ti-
me PCR analysis showed that simvastatin significantly up-regulated 
BMP-2, BMP-7, and SOX-9 gene expression, and down-regulated 
MMP-13 in the inner-side meniscal cells. However, COL2A1 and ag-
grecan were not significantly changed by the simvastatin treatment 
after 7 days. Ex vivo The histological analysis showed that more 
tissue ingrowth was observed in the tear site of the simvastatin-
treated explants compared with control explants.

Conclusion: Simvastatin could be a new therapeutic drug to enhan-
ce healing in meniscal repair

P238
Chitosan-platelet-rich plasma implants have in situ tissue 
building capacity and can be injected into meniscus defects to 
improve repair
A. Chevrier1, G. Deprés-Tremblay1, M. Nelea1, M.B. Hurtig2, 
M.D. Buschmann1  
1Montreal/Canada, 2Guelph/Canada

Purpose: The purpose of this study was to investigate the tissue 
building capacity of chitosan-PRP implants and whether these im-
plants can improve repair in a sheep meniscus defect model.

Methods and Materials: Several polymer formulations containing a 
chitosan, an excipient (as lyoprotectant), as well as calcium chloride 
(as clot activator) were freeze-dried. Freeze-dried formulations were 
reconstituted in autologous leukocyte-rich PRP for dorsal subcuta-
neous injections into New Zealand White rabbits (n=11) to assess 
the implants’ in situ tissue building capacity. In addition, bilateral 
10-mm defects were created in the anterior portion of the medial 
meniscus in skeletally mature sheep (n=11). Chitosan-autologous 
PRP implants were injected into the defects through 2 trephinati-
on channels and the tears were sutured. Implant retention was 
assessed at 24 hours and repair was assessed at 3 weeks and 3 
months. Controls were recalcified PRP.

Results: Freeze-dried chitosan formulations were solubilised in au-
tologous PRP and injected subcutaneously into NZW rabbits where 
they solidified to form stable implants (Fig. 1 a to c). Chitosan-PRP 
implants were resident until at least 14 days (Fig. 1 a to c), while PRP 
controls were quickly degraded (Fig. 1d). Chitosan-PRP implants 
induced cell recruitment (Fig. 1 a, b, c, e&f) and angiogenesis (Fig. 
1 g&h) in situ. Chitosan-PRP implants were injected into meniscus 
defects through trephination channels and were resident for at least 
24 hours, even without immobilizing the sheep’s legs in a cast (Fig. 
2 a to d). Biochemical and histological analyses of meniscal repair 
tissues and articular surfaces at 3 weeks and 3 months are ongoing 
(Fig. 2e).

 



Posters 228

Conclusion: Freeze-dried chitosan formulations can be solubilised 
in autologous PRP to form injectable implants that have in situ tis-
sue building capacity. Chitosan-PRP implants can be injected into 
meniscus defects and are expected to improve repair outcomes and 
restore meniscus function.

P239
Evaluation of a fibre-reinforced collagen scaffold and platelet 
rich plasma for meniscal cartilage repair using ex-vivo models
J. Wardale, D. Howard, J. Shepherd, F. Henson  
Cambridge/United Kingdom

Purpose: Damage to meniscal cartilage is widespread in sports in-
juries and a major factor in subsequent development of knee oste-
oarthritis. Repair of the menisci may improve trauma healing and 
reduce long term damage to the cartilage surfaces. We have deve-
loped a fibre reinforced collagen scaffold1 that is compatible with 
meniscal cells and platelet rich plasma (PRP) in vitro2 and have now 
evaluated it using ovine and human ex vivo models (EVM) of menis-
cal cartilage repair.

Methods and Materials: Meniscal cartilage was obtained from 
sheep cadavers or human donors undergoing knee replacement for 
osteoarthritis. Scaffolds were pre-loaded with various treatments 
(cells, PRP, fibrin, growth factors. 3mm diameter explants were 
removed from the cartilage and replaced with scaffolds. 3mm di-
ameter holes were also punched out of scaffold material and the 
explants placed in the holes (Figure 1). Both type of EVMs were 
cultured for 4 weeks before removal and analysis of the scaffold 
contents by western blotting and immunohistochemistry. Figure 1: 
Human ex-vivo models (EVM)

Results: Results Meniscal cells migrated into scaffolds in all EVMs 
and expressed protein markers consistent with migratory cells 
(smooth muscle actin, vimentin, lumican) and extracellular matrix 
deposition (versican, collagen type I). Cell migration and the expres-

sion of these markers were significantly increased by the addition of 
PRP (Figure 2).

 

Figure 2: Effects of PRP on cell infiltration 

Conclusion: Meniscal cartilage EVMs provide an ideal platform for the 
study of scaffold/tissue interactions prior to in vivo or clinical trials. 
Our work demonstrates the suitability of our scaffold for meniscal car-
tilage repair and also that PRP enhances cellular migration and ECM 
deposition. References 1. Shepherd JH, Ghose S, Kew SJ, Moavenian 
A, Best SM, Cameron RE. 2013. J Biomed Mater Res A. 101(1):176-84. 
2. Howard D, Shepherd JH, Kew SJ, Hernandez P, Ghose S, Wardale JA, 
Rushton N. J 2014 Orthop Res. 2014 Feb;32(2):273-8

P241
Autologous bone marrow mesenchymal stem cells in the 
treatment of high grade chondral lesions of the knee: results at 2 
yrs of follow up.
C. Zorzi, V. Condello, V. Madonna, D. Screpis, G. Piovan, A. Russo  
Negrar/Italy

Purpose: In this study we analyzed the effectiveness of a one-step 
procedure, which includes the bone marrow derived stem cells,the 
bone marrow stimulation by microfracture and a collagen matrix 
membrane for treatment of chondral lesions of the knee

Methods and Materials: We prospectively evaluated 19 patients, 
mean age 31 (21-50) yrs, 15 male and 4 female, which had a sin-
gle focal 3rd-4th degrees chondral lesion with an area greater than 
or equal to 2 cm2. The average size of the lesions was 3,8 (2-6) cm2 . 
The surgical technique consists of 3 steps: - an arthroscopic evalua-
tion, treatment of associated lesions and debridement of the chon-
dral lesion. - a bone marrow aspiration by the iliac crest, centrifuga-
ted and processated with a magnetic calibrated funnel (ResQ60®). 
- a parapatellar arthrotomy was performed to complete the chondral 
debridement, removing the calcified layer and microfracturing the 
subchondral bone. The template of the chondral deficit is perfor-
med. An equine collagenic (tipe I) matrix membrane is shaped ba-
sed on the template and soaked by 6 ml bone marrow aspirate con-
centrate from the iliac crest, prevously preparated. The membrane 
is placed on the chondral deficit and fixed by fibrin glue The MRI 
evaluation and clinical evaluations were performed using Tegner 
sport activity, Lysholm, VAS and KOOS scores, before surgery and 
at 1 and 2 yrs of follow-up.

Results: After 2 years of follow-up the statistic analisis showed an 
improvement in the KOOS score of 21,43 pts (p value=0.0094), in 
the IKDC of 27,52 pts (p value=0.0022) a significant reduction in 
pain (VAS) of 2,38 pts ,and furthermore an improvement in recrea-
tional activities of Tegner score of 1,98 pts (p value=0.0068) and of 
Lysholm score of 28.93 pts (p value=0.0038)

Conclusion: The use of bone marrow derived mesenchymal stem 
cells for cartilage regeneration is a very interesting option. Our cli-
nical experience shows encouraging results at two years follow-up.
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P242
Sport Activity after AMIC-aided Repair of Osteochondral Lesions 
of the Talus
M. Wiewiorski, A. Barg, L. Werner, V. Valderrabano  
Basel/Switzerland

Purpose: Autologous matrix-induced chondrogenesis (AMIC) is a 
safe 1-step procedure showing good clinical and MRI results for the 
treatment of osteochondral lesions of the talus (OCLT). However, 
data regarding postoperative sport activities is limited.

The aim was to assess sport and recreational activities reported by 
patients undergoing the modified AMIC procedure of the talus.

Methods and Materials: Sport and recreational activities of 60 pati-
ents undergoing the AMIC procedure were analyzed at an average of 
39 months postoperatively (range, 24-78 months). The visual ana-
log scale (VAS) for pain, the Tegner activity scale, and

the Activity Rating Scale (ARS) were assessed.

Results: The VAS improved significantly from preoperative toposto-
perative (6.8 to 2.3; p<.01).

No significant change in the Tegner activity scale (3.3 preopera-
tively, 3.4 after surgery; p=.73) and the ARS (2.6 preoperatively, 2.3 
after surgery; p=.69) was noted. Regarding sporting activity, 95% of 
the patients were engaged in

sports during their lifetimes compared with 53% theyear before 
surgery and 56% at the time of the survey. The weekly duration of 
sports activities did not significantly change after surgery (p=.55). 
Of all the patients, 55% were satisfied, 18% partially satisfied, and 
27% not satisfied with the surgery outcome.

Conclusion: Patients undergoing AMIC-repair of an OCLT engage in 
a similar postoperative sports and recreational activity level when 
compared to preoperative levels. However, patients modify their 
sport activitiesand participate more in low

impact sport disciplines.

P243
The Effect of Microfracture on Human Talar Subchondral Bone: 
MicroCT Comparison of Three Different Microfracture Awls
E.J. Fraser, K.A. Ross, J. Kennedy  
New York/United States of America

Purpose: The purpose of this study was to compare the effect of 
three different tools for microfracture, including the nano-fracture 
awl, standard microfractrure awl and Kirschner wire, on subchon-
dral bone of human cadaveric talus specimens using micro compu-
ted tomography.

Methods and Materials: Five human cadaveric talus specimens 
were used for this study with the talar dome of each specimen di-
vided into nine zones. In each zone three separate microfracture 
holes were created in a manner which reflected normal opera-
tive technique. Of the three holes, one was created with standard 
microfracture awl, one with a Kirschner wire and one with a na-
nofracture awl. The specimens were then scanned using a micro-
metre-resolution computed tomography (Micro-CT) machine. Once 
images were obtained they were quantitatively assessed, with the 
three dimensional area around the created holes being the area of 
interest. Trabecular compression and open trabecular channels sur-
rounding the hole were quantified and a comparison made between 
the three techniques. 

Results: The nano-fracture group showed consistently less trabecu-
lar compression than the standard awl group and the K-wire group. 
Similarly more open trabecular channels could be seen between the 
hole created and the surrounding subchondral bone in the nano-
fracture group compared to the other two groups. In addition it was 
noted that the nanofracture awl achieved a greater depth, with an 
average of 9mm penetration into the subchondral bone compared 
to 3mm for the other two techniques used. Final quantitative data 
collection and image analysis is currently underway.

Conclusion: The standard microfracture awl and K-wire demonstra-
ted limited subchondral perforation depth and substantial trabe-
cular bone compression. Nanofracture showed deeper perforation 
with a cleaner entry and exit at the articular surface with lesser ob-
served trabecular bone compression along the subchondral chan-
nels. The clinical relevance of these findings has to be studied in 
the future.

P244
Treatment of knee cartilage defects with hyaluronan scaffold.
K. Slynarski, A. Krzesniak  
Warsaw/Poland

Purpose: Some difficulties have been found in keeping cells used 
in the treatment of chondral defects at the defect site and that is 
why these cells are placed on various scaffolds, which can additio-
nally enhance regeneration processes. One such attractive scaffold 
material is hyaluronic acid – a major component of human cartilage 
which regulates a wide range of molecular processes. The aim of 
this study was to present a clinical evaluation of the use of a hy-
aluronan-based scaffold (Hyalofast) in the treatment of cartilage 
defects in the knee. 

Methods and Materials: The study included 20 patients aged from 
18 to 55 with symptomatic chondral defects in the knee (average 
size 2.815 cm2). In all the patients, the presence of a defect was con-
firmed by MRI, followed by surgical treatment during which a hy-
aluronan membrane was inserted arthroscopically into the debrided 
defect that had been microfractured. Results were assessed using 
the KOOS questionnaire and MRI pre-operatively, at 6-month and 
1-year follow-up. Cartilage repair was assessed using the MOCART 
scale and the new-grown tissue thickness was compared with the 
surrounding cartilage.

Results: After one year all patients met the clinical and MRI criteria 
for healing of cartilage defects and showed statistically significant 
improvement in symptoms and function across all KOOS sub-scales. 
The average thickness of the newly formed tissue compared to the 
cartilage surrounding the defect at the 6- and 12-month marks was 
92% and 102% respectively. The mean score of the quality of the 
newly formed cartilage on the MOCART scale one year post-surgery 
was 73/100. 

Conclusion: The use of Hyalofast in the treatment of chondral de-
fects is a positive complement and augmentation to microfracture 
treatment. Based on the results it can be concluded to be effective 
and safe. The one-step totally arthroscopic procedure is an unque-
stionable advantage.

P245
Reporting rehabilitation in articular-cartilage-repair studies of 
third-generation autologous chondrocyte implantation in the 
knee.
P. Bright1, K. Hambly2  
1Maidstone/United Kingdom, 2Kent/United Kingdom

Purpose: To determine if the standard of reporting for rehabilitation 
has improved in ACI3 studies; previous reviews in this field recom-
mended describing the detail of this rehabilitation and patient com-
pliance as integral elements.

Methods and Materials: A computerized search was performed in 
March 2013. Criteria for inclusion were any studies that evaluated 
or described the process of ACI3 in the knee and subsequent re-
habilitation. The modified Coleman Methodology Score (CMS) was 
used to rate the standard of reporting of rehabilitation and surgical 
procedures; review articles were also evaluated for quality using 
the Strength of Recommendation Taxonomy (SORT). Mean scores, 
odds ratios, 95% confidence intervals, and Mann-Whitney U stati-
stics were calculated.

Results: An improvement in mean CMS was seen compared with 
previous reviews, but rehabilitation reporting scores were lower 
than their surgical equivalent; significant association was seen bet-
ween studies with rehabilitator involvement and high scores in the 
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individual CMS rehabilitation element. Predominant SORT scores of 
2A indicated medium strength of recommendation.

Conclusion: The CMS provides a general overview of methodologi-
cal quality, but a more specialized tool to report on the quantitative 
and qualitative aspects of the rehabilitation process would help rai-
se the standards. It is recommended that rehabilitation therapists 
be included as key members of research teams and be involved in 
the design, implementation, and reporting of future studies.

P246
Accelerated and standard weight bearing regimens following 
cartilage repair surgery – Systematic Review and Meta-Analysis
V.A. Shetty, A. Shetty  
Chatham/United Kingdom

Purpose: This is a systematic review and metaanalysis comparing 
accelerated and traditional weight bearing regimens following car-
tilage repair surgery. Currently cartilage repair techniques are im-
proving at a tremendous pace across the world, with the treatment 
being offered to more extremes of age. Yet the rehabilitation pro-
cess is still long drawn and tedious which disrupts patients’ quality 
of life.

Methods and Materials: A thorough search of online databases 
(PubMed, Cochrane, MEDLINE) yielded five studiesdeemed fit for 
inclusion. The studies were critically reviewed and a metaanalysis 
was performed. The outcomes examined were the Knee Injury and 
Osteoarthritis outcome (KOOS), Short Form 36 (SF-36), Visual Ana-
logue Score (VAS) scores and their subsets. Magnetic Resonance 
Imaging (MRI) outcomes were also studied.

Results: The review showed good outcomes for the accelerated pro-
tocols as compared to the standard protocols. The metaanalysis, by 
and large, favoured the accelerated protocols, barring a few subset 
scores at particular time intervals.

Conclusion: There is a dearth of published literature on this niche 
subject and only a few groups, internationally, are focusing on this 
branch of rehabilitation. The five studies do not have the same de-
finition of accelerated and standard weight-bearing protocols and 
this confounds the matter. Additionally, the outcomes studied here 
were under strict clinical conditions and re-creation of these condi-
tions will be difficult in normal practice. Compliance with the proto-
cols given is also a difficult problem.

P247
Influence Of Proprioceptive Training On Knee Function In 
Patients With Knee Osteoarthritis
A.E. Elerian, O.A. Khaled, S.A. Reefat, M. Ewida  
Cairo/Egypt

Purpose: To investigate the influence of proprioceptive training on 
knee function in patients with knee osteoarthritis

Methods and Materials: Thirty patients with knee osteoarthritis 
from both sexes were involved, aged between 40– 60 years. They 
were divided into two equal groups, fifteen patients each. Patients 
in the first group received a traditional exercise program in the form 
of stretching and strengthening exercises. Patients in the second 
group received a proprioceptive training program in addition to 
stretching and strengthening exercises. Training was done 3 times 
a week for 8 weeks. Pain level, functional performance and proprio-
ceptive accuracy were measured before and after treatment.

Results: there were significant differences between the two groups 
in pain (p=0.007) and (p=0.009) for the right and left knees respec-
tively, functional performance (p=0.008) and proprioceptive accura-
cy (p=0.037) and (p=0.014) for the right and left knees respectively

Conclusion: : Proprioceptive training proved to be beneficial in im-
proving functional performance, perceived knee pain and proprio-
ceptive accuracy in patients with knee osteoarthritis as compared 
with traditional exercise program.

P248
Gait Adaptations Relate to Cartilage Lesion Locations in the 
Tibiofemoral Joint - Preliminary Results
S. Van Rossom1, L. Zevenbergen1, B. Vanwanseele1, D. Van Assche2, 
I. Jonkers1  
1Heverlee/Belgium, 2Leuven/Belgium

Purpose: Previous research identified compensatory gait characte-
ristics following specific injuries. However as far as we know, gait 
adaptations following a focal cartilage injury have not been previ-
ously identified. In a prospective follow-up study, we aim to relate 
patient-specific gait adaptations to lesion location in the tibiofemo-
ral joint. 

Methods and Materials: Three-dimensional kinetics and kinematics 
during gait were collected for two patients with a cartilage lesion on 
the medial femur condyle and for two healthy controls. The lesion 
of patient one was located on the anterior part as for patient two on 
the posterior part. Markers were placed according to an extended 
plug-in-gait markerset. Marker trajectories were captured using Vi-
con (Oxford Metrics, 100Hz) and force data was recorded using two 
AMTI force plates (Watertown, USA, 1000Hz). Joint angles and joint 
moments were calculated using inverse kinematics and inverse dy-
namics implemented in OpenSim 3.0. 

Results: Primary adaptive movement strategies to a focal cartilage 
lesion are mainly present in the sagittal plane (Figure 1 and 2). Fur-
thermore, they can be related to lesion location and to movement 
strategies aiming to reduce loading on the lesion site. The patient 
with an anterior lesion (black bars) avoids knee flexion and the-
refore reduces the internal knee extensor moment during loading 
response to avoid anterior loading of the knee. In contrast, the pa-
tient with posterior lesion (gray bars) diminishes posterior loading 
by increasing knee flexion in pre-swing to reduce the internal knee 
flexor moment during mid and end-stance. Observed frontal plane 
gait deviations do not contribute to unloading of the medial knee 
compartment.

 

Conclusion: Each of the patients present with specific kinematic and 
kinetic changes that can be related to strategies that reduce loa-
ding at the lesion site. The ongoing prospective follow-up study will 
evaluate if these gait changes persist after cartilage repair surgery.
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P249
The Relationship Between Patient Expectations and Functional 
Outcome: A Mixed Methods Analysis
J.L. Toonstra1, C. Lattermann2, J.S. Howard2, D.M. Howell3, 
C.G. Mattacola2  
1Salisbury/United States of America, 2Lexington/United States of 
America, 3Richmond/United States of America

Purpose: The relationship between patient-reported function and 
patient expectations in patients undergoing cartilage repair of the 
knee is currently unknown. Furthermore, qualitative methods have 
not previously been used to understand the importance and values 
of patient expectations for recovery in this patient population. The 
purpose of this mixed-methods study was to examine the relation-
ship between patient expectations and patient-reported function 
and to provide insight into how expectations shape recovery follow-
ing cartilage repair of the knee. 

Methods and Materials: A mixed-methods design was used invol-
ving 21 participants undergoing ACI, meniscal transplant, or oste-
ochondral allograft of the knee. Participants completed an expec-
tations survey (Hospital for Special Surgery (HSS) Knee Surgery 
Expectations Survey) at their pre-operative visit and the Knee Injury 
and Osteoarthritis Outcome Score (KOOS) as a measure of functio-
nal ability pre-operatively and 6 months post-operatively. A selected 
sample of 6 participants participated in semi-structured interviews 
6 months post-operatively to better understand their expectations 
for recovery. Pearson correlation coefficients were used to examine 
the association between HSS and KOOS scores. Alpha level was set 
a priori at p<0.10. 

Results: Patients have moderate expectations for recovery and the-
se expectations were positively associated with pre-operative pain 
(r=0.39, p=0.08), ADL’s (r=0.40, p=0.07), and knee-related QOL 
(r=0.42, p=0.06). Expectations were also positively associated with 
post-operative symptoms (r=0.47, p=0.05) and sports-and-recre-
ation (r=0.56, p=0.02). Four qualitative themes emerged as parti-
cipants’ described how previous recovery experiences influenced 
their expectations for recovery (Figure). Participants also acknow-
ledged having unrealistic expectations regarding the length of the 
recovery process.

Conclusion: Expectations for the recovery process are influenced by 
a variety of sources, including pre-operative function, previous ex-
periences, and knowledge of the recovery process. Physicians and 
rehabilitation providers should strive to elicit and manage patient 
expectations for recovery. Provision of realistic expectations may 
help patients plan for time-loss from work, mobility restrictions, 
improve rehabilitation adherence, and promote positive outcomes.

P251
Safety and efficacy of GelrinC for cartilage lesions: Clinical 
outcome at 24 months.
B. Cole1, K.F. Almqvist2, R. Arbel3, J. Bellemans4, E. Basad5, S. Anders6, 
J. Victor2, A. Korner7  
1Chicago/United States of America, 2Ghent/Belgium, 3Tel Aviv/
Israel, 4Leuven/Belgium, 5Giessen/Germany, 6Bad Abbach/
Germany, 7Or Akiva/Israel

Purpose: Background: GelrinC is a biosynthetic, biodegradable hy-
drogel implant for the treatment of focal cartilage defects. GelrinC is 

applied as a liquid and then converted to a soft, semi-solid implant 
after exposure to UVA light. Purpose: To evaluate the safety and ef-
ficacy of GelrinC as treatment for articular cartilage lesions located 
on the femoral condyle in adjunct to microfracture surgery. Study 
design: Single arm, open label, multi-center

Methods and Materials: In the first phase of this study, twenty-
one patients were successfully treated with GelrinC and completed 
24-month follow-up. Males and females aged 18-65 presenting with 
one or two symptomatic lesion(s) with less than 6mm of bone loss, 
VAS ≥5, intact ligaments and healthy contralateral knee were enrol-
led. BMI >32 kg/m2, osteoarthritis or avascular necrosis, history of 
autoimmune disease or chronic debilitating systemic disease were 
excluded from the study. IKDC, KOOS, VAS and radiological scores 
were used to evaluate outcomes. Patients were followed-up at 3, 6, 
12, 18 and 24 months post procedure.

Results: At 24 months post-surgery improvement of overall 
KOOS and KOOS subscales was clinically and statistically signifi-
cant (p=<.001) over baseline, with mean difference in KOOS Pain 
of 30.8±20.9, ADL sub-domain of 27.7±20.5 and overall KOOS of 
25.7±17.1. Improvement of IKDC and VAS scores was statistically 
significant as compared to baseline, as well as for SF-36 physical 
component (p<.001) at all time-points. MOCART evaluation at 24 
months demonstrated significant improvement compared to base-
line (p<.001) as well as to six months (p=0.005).

Conclusion: The results obtained from the first phase of this study 
demonstrate that GelrinC is a safe and effective treatment for car-
tilage repair. Substantial improvement of overall KOOS, Pain and 
Function was observed at 6-months continued to increase at 12, 18 
and 24 months. Clinical improvement was supported by good defect 
filling and integration with surrounding tissue as observed by MRI 
images. 

P252
Treatment of articular cartilage lesions of the knee joint with a 
modified AMIC technique: 7 years follow-up
F. Pascarella, M.G. Di Salvatore, A. Pascarella  
Isernia/Italy

Purpose: The authors report their experience treating chondral de-
fects with a modified AMIC techinique consisting of perforations 
according to Pridie, rather than microfractures, and the covering of 
the focus of the lesion with a biological collagen patch enriched with 
bone marrow blood drawn throught the knee itself.

Methods and Materials: Between 2006 and 2012 a total of 47 pa-
tients treated with this technique were enrolled in this study. The 
inclusion criteria were the age of the patients between 18 and 50, 
the presence of a single symptomatic lesion grade III-IV according 
to ICRS classification. The exclusion criteria were the presence of 
osteoarthritis, axial deviations, ligamentous injuries, complete me-
niscal resection and an allergy to collagen membrane component 
(verified with a patch test before surgery).The median age was 29 
(18–50) years, 19 female and 28 male. The patients were checked 
every 15 days for the first 4 months and then every 6 months. The 
median follow-up period was 48 months (range 24-84).

Results: The median pre-operative subjective IKDC score of 28 (16-
40) significantly increased to an average of 81 (67-95) at 24 months 
post-operatively. The mean pre-operative Lysholm Knee Scale re-
vised for chondral injuries was 53 (23-83). This score significant-
ly increased to a median of 98 (96-100). Results according to the 
modified Ikeuchi score were 78% excellent and good at 24 months 
post-operatively. These scores remained significantly better for the 
patients assessed at 7 years follow-up. There were no postoperative 
complications. 

Conclusion: In conclusion, this technique can be considered as sim-
ple, reproducible and without the need of a second surgery. Results 
according to IKDC, Lysholm Knee Scale revised for chondral inju-
ries, modified Ikeuchi score, MRI evidence and histological exam 
suggest a good to excellent outcome for the majority of the patients 
that remained stable after 7 year follow-up.
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P253
The use of a prosthetic inlay resurfacing as a salvage procedure 
for a failed cartilage repair
A.A.M. Dhollander1, K.F. Almqvist1, P. Vandekerckhove2, R. Verdonk1, 
P. Verdonk3, J. Victor1  
1Ghent/Belgium, 2Bruges/Belgium, 3Antwerp/Belgium

Purpose: This study was designed to describe the clinical and radio-
graphical outcome of the HemiCAP resurfacing system as a salvage 
treatment for a failed index cartilage procedure. 

Methods and Materials: Fourteen patients were treated consecuti-
vely and clinically prospectively followed for a mean period of 26.1 ± 
12.8 months. All patients were previously treated for their cartilage 
lesion. Radiographical data were analysed based on the Kellgren 
and Lawrence system. 

Results: The patients involved in this study demonstrated a gradual 
clinical improvement in time. However, radiographically significant 
osteoarthritic changes were observed during the follow-up period. 
The position of the HemiCAP resurfacing system was adequate in all 
cases, and no signs of loosening were observed during the follow- 
up period. 

Conclusion: The HemiCAP resurfacing system is feasible as a sal-
vage treatment for a failed index cartilage procedure and resulted 
in a gradual clinical improvement. However, the favourable clinical 
outcome was not confirmed by the radiographical findings. 

P254
ACL injury: post-trumatic bone marrow edema correlates with the 
long-term prognosis
B. Di Matteo, L. Andriolo, G. Filardo, F. Tentoni, A. Di Martino, M. Marcacci, 
E. Kon  
Bologna/Italy

Purpose: Bone Marrow Edema (BME) in the knee is a feature of 
numerous pathological conditions, and it has been described with 
high frequency in patients with acute Anterior Cruciate Ligament 
(ACL) injury. Its clinical relevance in terms of clinical prognosis is 
still unclear. We evaluated the significance of BME, assessed duri-
ng MRIs performed for ACL injury, in terms of clinical outcome and 
return to sport.

Methods and Materials: 134 patients (98 male, 36 female) with ACL 
tear and MRI knee scan within 6 months were analyzed. Sixty-seven 
patients underwent ACL reconstruction. The presence of BME was 
evaluated on MRI images using the WORMS score edema classifi-
cation, and measuring the BME area. The clinical results were docu-
mented with IKDC subjective score at follow-up and the sport activi-
ty level was evaluated with Tegner score.

Results: BME was present in 74 knees (55.2%), with a mean area 
of 523±370 mm2. The presence of BME depending on the time of 
MRI from ACL injury showed a decrease over time (p= .008), being 
detectable in the MRIs performed more than 3 months after trauma 
in 25.0% of the cases. While 54% of the patients without BME after 
3 months returned to previous sport level, no patients with edema 
reached a full sport recovery (p=.01). In the group who underwent 
ACL reconstruction the BME area was significantly correlated with 
the return to the previous sport level at the mid/long-term follow-up 
(p= .038).

Conclusion: BME is a common finding, whose presence decreases 
with the time elapsed from injury, being detectable only in a mino-
rity of cases after more than 3 months. However, when BME is still 
detectable it correlates with the clinical prognosis, and even in sport 
active patients undergoing ACL reconstruction to return to previous 
sport level, a higher BME area is a negative predictive factor for a 
successful outcome.

P255
One step surgery with a biomimetic scaffold to treat 
osteochondral patellar lesions: prospective study at 2 years of 
follow-up.
F. Perdisa1, G. Filardo1, V. Condello2, M. Busacca1, C. Zorzi2, M. Marcacci1, 
E. Kon1  
1Bologna/Italy, 2Negrar/Italy

Purpose: Aim of this study is to analyze the clinical outcome of an 
osteochondral scaffold implanted into chondral and osteohondral 
lesions located at the patella, site that is commonly considered as 
one of the more difficult to treat successfully.

Methods and Materials: Forty-four patients were treated by implan-
ting a collagen-hydroxyapatite osteochondral scaffold and prospec-
tively evaluated at initial time, then at 6, 12 and 24 months of follow-
up, using the IKDC Knee documentation form and the Kujala score. 
They were 26 male and 18 female. Mean age was 33.2 (16-59) years, 
mean BMI 24.0±3.0. Size of the defects was 3.3±3.0 cm2. Fifteen 
Patients were operated for the first time and 23 of them requested 
combined procedures due to comorbidities. Four of them had mul-
tiple lesions. Etiology was degenerative in 29 cases, 10 traumatic 
and 5 were OCDs.

Results: Forty-four patients were treated by implanting a collagen-
hydroxyapatite osteochondral scaffold and prospectively evaluated 
at initial time, then at 6, 12 and 24 months of follow-up, using the 
IKDC Knee documentation form and the Kujala score. They were 26 
male and 18 female. Mean age was 33.2 (16-59) years, mean BMI 
24.0±3.0. Size of the defects was 3.3±3.0 cm2. Fifteen Patients were 
operated for the first time and 23 of them requested combined pro-
cedures due to comorbidities. Four of them had multiple lesions. Eti-
ology was degenerative in 29 cases, 10 traumatic and 5 were OCDs.

Conclusion: The use of this biomimetic cell-free scaffold for oste-
ochondral lesions of the patella allows to obtain function recovery 
and a good clinical outcome at short-term follow-up, even if lower 
than previously reported for other site locations. These results have 
to be confirmed at longer follow-up to determine the possible bene-
fit of addressing also the subchondral bone disease.

P256
Does Prior Cartilage Restoration Negatively Impact Outcomes of 
Knee Arthroplasty?
R.M. Frank, D. Plummer, P.N. Chalmers, S. Sporer, B. Levine, B. Cole, 
C. Della Valle  
Chicago/United States of America

Purpose: The purpose of this study was to compare patients who 
failed a cartilage restoration procedure to matched-controls under-
going primary knee arthroplasty.

Methods and Materials: Thirteen patients who underwent cartilage 
restoration and subsequent arthroplasty by a single surgeon were 
matched to primary UKA/TKA controls based on gender, age ± 5 
years, body mass index (BMI) ± 5, smoking status, and arthroplas-
ty type and followed for a minimum of 2-years (mean, 3.7; range, 
2.0-7.2). The primary outcome was the Knee Society Score (KSS). 
Secondary outcomes were range of motion (ROM) and revision rate. 
Statistical analysis was performed for continuous data with bet-
ween and within group comparisons. 

Results: Twenty-six patients (13 per group: 8 TKAs, 5 UKAs) were 
included. There were no significant differences in age, gender, BMI, 
smoking status, worker’s compensation status, pre-op ROM, post-
op ROM, or pre-operative KSS scores between groups (P>0.05).The-
re were no clinical or significant differences in pre-cartilage to post-
cartilage (pre-arthroplasty) Tegner (2.4±2.4 to 2.3±0.8, P=0.729), 
Lysholm (30.8±17.1 to 38.2±20.0, P=0.474), IKDC (26.4±10.3 
to 33.0±10.3, P=0.847), or KOOS-pain (41.7±19.4 to 59.0±19.9, 
P=0.672) scores. Patients in the cartilage group had significantly 
lower pre-arthroplasty Kellgren-Lawrence grades(2.6±0.9) compa-
red to controls (3.7±0.5, P=0.004). Patients in the cartilage group 
had significantly lower post-operative KSS scores (82±9 vs. 93±3, 
P=0.005) and experienced significantly less improvement in KSS 
scores (32±9 vs. 48±11, P<0.001, Figure 1). Two patients (15%) in the 
cartilage group required revision TKA at 1.9 years (for pain) and 4.7 
years (for infection) following the index TKA.
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Conclusion: While patients with a failed cartilage procedure derive 
benefit from knee arthroplasty, the magnitude of improvement and 
final scores are lower than matched controls. However, these pati-
ents also experienced little to no benefit from cartilage restoration, 
suggesting that unmeasured shared patient characteristics may 
play a role. This information can be used to counsel patients on ex-
pected outcomes following arthroplasty. 

P257
Cell-free biomimetic scaffold for osteochondral defects: a pilot 
prospective clinical study at 84 months of follow-up.
E. Kon, G. Filardo, F. Perdisa, A. Sessa, A. Di Martino, F. Tentoni, 
M. Marcacci  
Bologna/Italy

Purpose: Aim of this prospective clinical study was to evaluate at 
mid-term follow-up the results offered by the implantation of a cell-
free one-step multilayered scaffold for the treatment of osteochon-
dral lesions of the knee.

Methods and Materials: 23 patients (7 F, 16 M, mean age 34.6 yy) 
affected by symptomatic ICRS grade III-IV chondral lesions of the 
knee were treated. Patients were analyzed prospectively up to 84 
months using the ICRS Cartilage Standard Evaluation Form, and 
high resolution MRI. Sites of the defects were: 5 MFC, 5 LFC, 9 patel-
lae, 7 trochleae, and 2 lateral tibial plateaus. Four patients had mul-
tiple lesions. Defect area was 2.9±1.3 cm2. Etiology was traumatic 
in 5 cases, microtraumatic/degenerative in 12 and OCD in 6 cases.

Results: Function recovery and a significant clinical improvement 
were detected. Mean IKDC subjective increased from 40.7±14.7 to 
79.7±20.0 at final evaluation, showing the significant improvement 
stable over time. Mean pre-injury Tegner score increased from 
1.7±1.1 pre-operative to 4.2±1.7 at 12 months and 4.0±1.9 (n.s.) at 
final follow-up. Despite the significant improvement (p<0.05) at 1 
year, the final sport activity was lower than the pre-injury level. One 
patients failed during follow-up time. MRI evaluation revealed some 
alterations, but a good integration and a satisfactory filling of the 
defect.

Conclusion: This one-step surgery is an effective procedure for 
chondral and osteochondral lesions of the knee, showing satisfac-
tory and stable outcomes over mid-term of follow-up, even in large 
osteochondral lesions or complex cases. MRI improves over time 
but abnormal findings are still present at final evaluation.

P258
Biomimetic Osteochondral Scaffold For Oteochondratis 
Dissecans: Clinical And Mri Evaluation At 4-year Follow-up.
A. Di Martino, G. Filardo, F. Perdisa, L. Andriolo, F. Tentoni, M. Marcacci, 
E. Kon  
Bologna/Italy

Purpose: The aim of this study was to evaluate the potential of a 
biomimetic osteochondral scaffold to treat OCD by analyzing the 
results obtained at 4-year follow-up. This scaffold, which was de-
veloped to treat the entire osteochondral unit, seems to restore the 
articular surface and improve symptoms and function in patients 
affected by knee OCD.

Methods and Materials: Twenty-five consecutive patients (17 M, 8 
F; age 25 years (14 – 42)) who were affected by symptomatic knee 
OCD of the femoral condyles (average defect size 3.0 ± 1.1 cm2), gra-
de 3 or 4 on the International Cartilage Repair Society (ICRS) sca-
le, were enrolled and treated with the implantation of an acellular 
collagen-hydroxyapatite osteochondral scaffold. Patients were pro-
spectively evaluated by subjective and objective International Knee 
Documentation Committee (IKDC) and Tegner scores preoperatively 
and at 1-, 2- and 4 years of follow-up. An MRI was also performed.

Results: A significant improvement in all clinical scores was ob-
tained at 1 and 2 years, and was then stable up to final follow-up. 
The IKDC subjective score had increased from 47.4 ± 17.8 preope-
ratively to 88.1 ± 12.4, the IKDC objective evaluation from 40% to 
100% of normal or nearly normal knees, and the Tegner score from 

2.2 ± 1.5 to 5.0 ± 1.7. The MRI evaluations showed good defect filling 
and implant integration but also inhomogeneous regenerated tis-
sue and subchondral bone changes in most patients, however, no 
correlation was found with the clinical outcome.

Conclusion: This biomimetic osteochondral scaffold seems to be a 
valid surgical treatment for knee OCD, showing a good clinical out-
come at 4-year follow-up. Moreover, the improvement was not cor-
related with lesion size, thus, even large lesions might benefit from 
this technique. Nevertheless, less favorable findings were obtained 
at MRI, with a slow but present improvement.

P259
Failures of osteochondral scaffold implantation in the knee: 
influencing factors and how to deal with surgical revision.
F. Perdisa1, G. Filardo1, M. Berruto2, A. Di Martino1, P. Ferrua2, M. Marcacci1, 
E. Kon1  
1Bologna/Italy, 2Milan/Italy

Purpose: A large cohort of patients treated with a cell-free osteo-
chondral scaffold was analysed, focusing on those who failed, being 
re-operated for the same defect during follow-up. Aim of this multi-
center study is to identify possible factors leading to treatment fai-
lure and to define strategies for managing a surgical revision.

Methods and Materials: 245 patients (184 M, 61 W) underwent os-
teochondral scaffold implantation in two different centers. Mean 
age was 33.4 (14-66) years, defect size 3.4 (1-12.5) cm2. Etiology: 
36.3 % OCDs, 26.1 % degenerative, 20.4 % post-traumatic, and 3,7 
% osteonecrosis, whereas 14.7 % of patients were failures of previ-
ous cartilage surgical treatments. Among them, patients being re-
operated for symptoms related to the same defect during follow-up 
time (early to mid-term) were considered for this analysis. Finally, 
outcomes and satisfaction after revision were rated.

Results: Nine patients (3.7 %) were surgically revised due to per-
manent symptoms. Mean age was 46.9 (22 - 64) years, mean lesion 
size 4.2 (1 – 5.4) cm2. Reasons for failure were identified as forced or 
limited indication in 5 cases (55.5 %), 1 patient failed due to implant 
failure, whereas in 3 cases no reason was identified. Failures due to 
previous cartilage treatments were not accounted to be significant 
in this series. Revisions were performed as follows: 5 metal resur-
facing, 4/5 (80% good results); 3 OAT procedures 2/3 (66% good 
results), 1 arthroscopic coblation (unsatisfactory result).

Conclusion: Indication is key to obtain a successful outcome with 
the implantation of this cell-free osteochondral scaffold. Other fac-
tors such as age, etiology, ans size might influence the outcome as 
well. However, further studies are needed. Revision surgery must 
be planned with care, since the treatment choice may be the key to 
lead to the successful of the salvage procedure.

P260
Cell-free osteochondral scaffold for the treatment of articular 
cartilage of the knee: clinical study at 2 years of follow-up.
A. Sessa, F. Perdisa, F. Tentoni, G. Filardo, A. Di Martino, M.P. Neri, 
M. Marcacci, E. Kon  
Bologna/Italy

Purpose: Different approaches have been proposed to treat oste-
ochondral defects. Among them, researches are recently focusing 
on the role of subchondral bone with regard to articular surface di-
sease, with new specifically developed bioengineered strategies. 
Aim of this study is to evaluate the clinical and MRI outcome after 
the implantation of a nanostructured biomimetic collagen-hydro-
xyapatite construct for the treatment of chondral and osteochondral 
defects of the knee in a large cohort of patients.

Methods and Materials: Eighty-eight (72 men and 16 women) af-
fected by grade III-IV femoral condyle or trochlea chondral lesions 
or osteochondritis dissecans (OCD) were consecutively treated. 
Mean age was 31.3±11.3 years, mean lesion size was 3.2±2.0 cm2. 
Fifty-seven patients had undergone previous surgeries, concurrent 
procedures were necessary in 43 cases. The clinical outcome was 
evaluated using the IKDC and Tegner scores at 12 and 24 months of 
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follow-up. At follow-up times a MRI was performed and evaluated 
with the MOCART score.

Results: All the scores improved significantly from the baseline to 12 
months of follow-up (46.7±16.9 to 72,6±18.7, p<0.005), with a slight 
further increase between up to 24 months’ follow-up (76.9±19.0, 
n.s.). Tegner score increased significantly from 2.9±2.0 pre-opera-
tive, to 3.9±1.6 at 12 months and 4.4±1.8 at 24 months (p<0.005), 
but the pre-injury activity level of 6.4±2.2 wasn’t recovered. Patients 
affected by OCDs had better clinical improvement than those with 
degenerative lesions. Some abnormal MRI findings were present, 
even though no correlation was found with the clinical outcome.

Conclusion: This one-step biomimetic approach developed to favor 
osteochondral tissue regeneration is effective in treating knees af-
fected by damages of the articular surface, leading to a significant 
clinical improvement. However, abnormal MRI findings were pre-
sent, even if not correlated with the clinical outcome.

P261
Clinical Depression and ACL Reconstruction: Incidence and 
Impact on Functional Outcome, a Prospective Cohort Study
G. Garcia, H. Wu, M.J. Park, F. Tjoumakaris, B. Sennett, J. Kelly  
Philadelphia/United States of America

Purpose: Recent literature has given recognition to depression as 
a potential risk factor for poor functional outcome following ortho-
paedic procedures. The purpose of this investigation was to quan-
tify the incidence of major depressive disorder (MDD) and correlate 
depression symptoms with patient-rated knee function in patients 
undergoing ACL reconstruction (ACLR).

Methods and Materials: In this IRB approved, multi-center pro-
spective cohort study, consecutive adult patients undergoing pri-
mary ACLR were given a validated clinical depression questionnaire 
(QIDS-SR16) preoperatively and at 6 weeks, 12 weeks, 24 weeks and 
one year postoperatively. IKDC and Lysholm scores were obtained 
during the same follow-up period to correlate depression severity 
with patient-rated knee function. A QIDS score of 6 or greater served 
as a validated threshold for diagnosis of MDD.

Results: Among the 82 patients enrolled in the study, 36 (44%) sco-
red 6 or greater on the QIDS preoperatively and were categorized 
in the MDD cohort. No significant differences were found between 
the MDD and non-MDD cohorts with respect to demographics, laxi-
ty, concomitant knee pathology, and postoperative complications. 
The average QIDS score was significantly higher in the MDD group 
versus the non-MDD group at all six time points (p < 0.05). MDD 
patients reported significantly lower IKDC scores at baseline (43.7 
vs. 57.0; p < 0.001) and one year (71.8 vs. 89.3; p=0.001), as well 
as significantly lower Lysholm scores at baseline (50.8 vs. 64.9; p < 
0.001) and one year (75.2 vs. 88.4; p=0.04) in comparison to non-
MDD patients.

 

Conclusion: This study suggests the incidence of self-reported MDD 
among patients undergoing ACLR may be as high as 44% preope-
ratively and that these patients have significantly worse clinical 
subjective outcomes at one year postoperatively. Further studies 
are warranted to determine whether patients reporting symptoms 
of depression can benefit from multidisciplinary preoperative inter-
vention and postoperative management to improve ACLR outcomes.

P262
A 5-Year Follow-Up After Cartilage Repair in the Knee Using a 
Platelet-Rich Plasma-Immersed Polymer-Based Implant
A. Siclari1, G. Mascaro1, M. Endres2, U. Freymann2, C. Kaps2, E. Boux1  
1Biella/Italy, 2Berlin/Germany

Purpose: Platelet-rich plasma (PRP) is used in one-step cartila-
ge repair approaches such as advanced bone-marrow stimulating 
technique. This study shows the clinical outcome after 4-5 years in 
a series of 52 patients treated by Pridie drilling and implantation 
of a polyglycolic acid (PGA)-hyaluronan scaffold (chondrotissue®) 
in combination with platelet-rich plasma. We hypothesize that a 
PRP-enriched PGA-hyaluronan scaffold as defect cover is a safe and 
effective method for cartilage defect healing and leads to a good 
long-term clinical outcome.

Methods and Materials: In this study 52 patients with focal chondral 
defects in non-degenerative or degenerative knees were treated. 
During an arthroscopic procedure, patients were treated by Pridie 
drilling and implantation of a PGA-hyaluronan scaffold in combina-
tion with platelet-rich plasma. Implant fixation was performed with 
resorbable nails in femoral defects and with fibrin-like autologous 
PRP glue in tibial defects. At 5-year follow-up, patients’ situation 
was assessed using the Knee injury and Osteoarthritis Outcome 
Score (KOOS) and compared to the preoperative situation and to 
the 1 and 2-year follow-up. After 4 years, 21 patients gave consent to 
magnetic resonance imaging and magnetic resonance observation 
of cartilage repair tissue (MOCART) scoring was performed. 
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Results: At 5-year follow-up, patients who received PRP-enriched 
PGA-hyaluronan scaffold showed clinically meaningful and signifi-
cant (p < 0.05) improvement in all KOOS subcategories, when com-
pared to the pre-operative situation. Subgroup analysis showed 
that there were no differences in clinical outcome regarding defect 
size and localization as well as degenerative condition of the knee. 
Cartilage repair was complete in 20 out of 21 patients at 4-year fol-
low-up as assessed by MOCART scoring.

Conclusion: The results obtained at 4 to 5-year follow-up confirmed 
the good findings after 1 and 2 years. Covering of focal cartilage 
defects with the PGA-hyaluronan chondrotissue® scaffold and PRP 
after bone marrow stimulation is suggested to lead to a lasting car-
tilage repair.

P263
Treatment of bilateral chondral lesions with autologous 
chondrocyte implantation with up to 15 years follow-up
A. Von Keudell, M. Berninger, T. Bryant, T. Minas  
Boston/United States of America

Purpose: Autologous chondrocyte implantation (ACI) is a clinical-
ly well-established technique for the treatment of large unilateral 
hyaline cartilage defects of the knee. Until today, no study has ana-
lyzed a bilateral staged repair of focal chondral defects of the knee 
joint treated with the same cartilage repair procedure with a long 
follow-up.

Methods and Materials: Out of 524 patients with symptomatic 
chondral defects (Outerbridge III/IV) treated with ACI between June 
1995 and September 2009, 14 patients (m=10, average age at sur-
gery=34 (range 13-51 years), average BMI=25.4m2/kg) underwent 
bilateral ACI. The defects were classified as simple, complex and 
salvage in 1, 9 and 14 knees, respectively. All 14 patients were eva-
luated preoperatively, at 1 and 2 years and at a mean final follow-
up of 99.3±60 months (range, 23-187 months). Clinical scores were 
collected pre- and postoperatively at the last follow-up.

Results: The mean surface area implanted was 1.6 cm2 for simple 
lesions, 2.7±1.4 cm2 for complex lesions and 6.0±2.7 cm2 for salvage 
cases. Concomitant procedures included lateral release in 14 knees 
(58.3 %). A tibial tubercle osteotomy was performed in 13 knees 
(54.2 %), high tibial osteotomy in 11 patients (45.8 %) and distal 
femoral osteotomy in 2 patients (8.3 %). After a mean of 99.3±60 
months, clinical outcome scores statistically significantly increa-
sed from 3.3±1.4 to 6.2±1.7 in the Modified Cincinnati Rating Scale 
(p≤0.001) and improved from 44.4±18.2 to 17.2±14.1 points in the 
WOMAC Score (p≤0.001). 2/14 patients treated with bilateral ACI 
were considered treatment failures and underwent revision carti-
lage repair, one experienced a traumatic event, the second patient 
suffered from progression of disease.

Conclusion: Bilateral ACI could be successfully performed in a 
staged fashion for individuals suffering from chondral defects in 
both knees with excellent subjective and objective clinical results. 
There was a high satisfaction rate with respect to the overall out-
come at the latest follow-up.

P264
Primary chondrocytes and bone marrow cells on a scaffold: 
2-year clinical results in patients with cartilage defects in the 
knee
K. Slynarski1, W. Widuchowski2, M. Snow3, W. Weiss4, J. Kruczynski5, 
J. Hendriks6, J. Guidoux6, P. Verdonk7  
1Warsaw/Poland, 2Katowice/Poland, 3Birmingham/United 
Kingdom, 4Bydgoszcz/Poland, 5Poznan/Poland, 6Bilthoven/
Netherlands, 7Antwerp/Belgium

Purpose: The potency of the combination of primary chondrocytes 
with multipotent cells to support cartilage tissue regeneration, wit-
hout the need for cell culture, was first evidenced in 2001. INSTRUCT 
(CellCoTec B.V., Netherlands) is a technology that combines freshly 
isolated autologous chondrocytes and mono-nucleated cells from 
bone marrow with a porous scaffold in a single surgical procedure. 
The objective of the INSTRUCT study was to assess the safety and 

efficacy of this technology for the treatment of symptomatic cartila-
ge defects of the knee. 

Methods and Materials: 40 patients were included at 6 European 
sites in a prospective, open-label, single-arm clinical trial. Safety 
and efficacy endpoints were evaluated at all time-points for 2 years.

Results: A total of 40 patients were treated with a mean age of 35 
years, and mostly grade IV lesions of traumatic origin. The results 
showed a clinically and statistically significant (p<0.0001) improve-
ment at 6-month and beyond on VAS pain scores and at 12-month 
and beyond on all KOOS domains (up to Δ23,39, p<0.0001) and on 
IKDC (up to Δ22,32, p<0.0001). On average, lesion filling on MRIs 
was consistently greater than 95% at all time-points. Hyaline carti-
lage was found in 65% of biopsies. The treatment failure rate was 
5 %.

Conclusion: The treatment of cartilage lesions with a combination 
of primary chondrocytes and bone marrow cells results in cartila-
ge tissue repair associated with substantial clinical improvement, 
and suggests that this single-surgery solution is a viable treatment 
option for patients with full-thickness cartilage defects of the knee. 
Level of evidence: Level 4, therapeutic case series 

P265
Metal Fixation of Osteochondritis Dissecans Lesions in 
Skeletally Mature Patients
A.H. King, D.L. Dahm, B.A. Levy, M. Stuart, A.J. Krych  
Rochester/United States of America

Purpose: Osteochondritis dissecans (OCD) in skeletally mature pa-
tients commonly requires surgical treatment due to the decreased 
healing rate compared to juvenile OCD. Although bioabsorbable and 
metal options are available for internal fixation, a lack of consensus 
exists on the ideal construct for the unstable lesion in these pati-
ents. This study aimed to determine the clinical and radiographic 
healing rates after the use of headless metal compression screws 
for the treatment of unstable osteochondritis dissecans lesions in 
the knees of skeletally mature patients.

Methods and Materials: A retrospective chart review for all skele-
tally mature patients presenting with unstable femoral condyle OCD 
lesions was conducted. Patients included underwent treatment with 
reduction and internal fixation using headless metal compression 
screws. Preoperative and postoperative radiographs were reviewed 
for all patients. Patients were considered skeletally mature if com-
plete physis closure was observed preoperatively. Postoperative 
healing was defined as radiographic evidence of union of the OCD 
progeny fragment with the condyle.

Results: A total of 22 knees in 22 patients were included, consisting 
of 16 males and 6 females with a mean age of 21 years at the time of 
surgery (range, 14–37). 16 (73%) lesions were located on the medial 
femoral condyle, while 6 (27%) were located laterally. At a mean 
31 months postoperatively (range, 2–262), fragment union was ob-
served in 18 knees (82%). The remaining 4 knees (18%) required 
loose fragment excision at a mean 9 months (range, 2–16) posto-
peratively. All 6 lateral-sided lesions healed, while 12 (75%) of the 
medial-sided lesions healed. 15 patients (68%) underwent a plan-
ned subsequent surgery for screw removal. Additionally, 2 patients 
(9%) required reoperation for screw advancement.

Conclusion: Metal compression screws provide an effective moda-
lity for treating unstable osteochondritis dissecans lesions in ske-
letally mature patients. However, the high rate of second surgery 
should be taken into consideration when electing to use metal fixa-
tion devices.
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P266
Are there functional differences between individuals who chose 
to undergo versus delay/decline knee cartilage restoration?: 
A first look
L. Thoma, D. Flanigan, T.M. Best, L.C. Schmitt  
Columbus/United States of America

Purpose: Knee articular cartilage defects are devastating injuries 
often resulting in pain, decreased function and low quality of life. 
Recommended treatment in the literature is almost exclusively de-
voted to surgical cartilage restoration. Though most undergo debri-
dement, many individuals recommended for a cartilage restoration 
procedure delay/decline surgery. The purpose of this exploratory 
study was to compare patient characteristics, self-reported func-
tion, and performance-based function between individuals who un-
dergo surgery and individuals who delay/decline surgery.

Methods and Materials: Thirteen candidates for cartilage restora-
tion surgery participated and were divided into two groups: Those 
who underwent surgical restoration (autologous chondrocyte im-
plantation, osteochondral allograft transplantation or microfrac-
ture) within 6 months of data collection (Sx, n=7) and those who 
delayed/declined surgery (Non-sx, n=6). Data were collected on 
subject characteristics (age, height, weight, BMI, defect number), 
self-reported function [Tegner Activity Score, Knee Injury and Os-
teoarthritis Outcomes Score subscales (Pain, Symptoms, Activities 
of Daily Living, Sports/Recreation, and Quality of Life)], and perfor-
mance-based function [stair climbing test, maximal isometric qua-
driceps and hamstring strength (Nm/kg), single-leg anterior reach 
(SLAR, % height)]. Group differences were tested with independent 
t-tests and Mann-Whitney U as appropriate (α=.05). With this explo-
ratory analysis, there were no corrections for multiple comparisons, 
and p-values between .05-.1 were interpreted as trending toward 
significance.

Results: The group means and comparisons are provided in Table 
1. No differences were significant. Only involved SLAR performance 
and uninvolved quadriceps strength trended towards significance.

 

Conclusion: Though this preliminary study was limited by small 
sample size, the results do not support the hypothesis and common 
clinical belief that individuals who proceed to cartilage restoration 
have worse pain, symptoms, function and quality of life. Given the 
time and financial expense of cartilage restoration procedures, fu-
ture work should consider the role of non-clinical factors that may 
influence a patient’s treatment decision-making. 

P267
Sport Specific Prevalence of Chondral Injuries in the Hip
C.A. Trindade, D. Maglione, K.K. Briggs, M. Philippon  
Vail/United States of America

Purpose: The purpose of this study was to determine the prevalence 
and predictors of chondral defects in the an active population of re-
creational and elite athletes underwent hip arthroscopy for femoro-
acetabular impingment (FAI).

Methods and Materials: A prospective data registry was queried 
for a consecutive series of 1037 (769 recreational/amateur and 268 
professional athletes) patients with the diagnosis of FAI who under-
went hip arthroscopy by a single surgeon. The patients were bet-
ween 18 to 50 years of age. The exclusion criteria were: joint space 
of 2 mm or less, patients over the age of 50 and nonactive individu-
als. The following sports were selected:

1. Rotational sports- baseball, softball, discus, volleyball, tennis, 
golf

2. Repetitive non weightbearing – cycling, swimming,

3. Running sports – marathon, Triathalon, basketball,

4. Skiing/snowboard

5. Soccer

6. Football

7. Hockey

8. Dance

Results: Chondral defects were seen in 822/1037 hips. In profes-
sional athletes, 86% had a chondral defect and 77%in recreational 
athletes.(p=0.002) Grade ¾ defects were seen in 476 of 1037 hips. 
In professional athletes, 50% had grade ¾ defects and 45% in re-
creational athletes (p=0.155). In professionals, 15% had grade ¾ 
on the acetabulum, 3% on femur, and 1% on both surfaces. In re-
creational, 10% had grade ¾ on the acetabulum, 3% on femur, and 
2.5% on both. Prevalence of defects requiring microfracture varied 
by sport(See Table) (p=0.040). In professionals, grade 3/4 defects 
were most commonly seen in soccer, football, and hockey. In recrea-
tional athletes, grade 3/4 defects were seen most commonly in foot, 
hockey, and skiing. 

Sport Microfracture

Dance 3%

Football 27%

Hockey 17%

Rotational Sports 16%

Rep. Non WB 11%

Running 16%

Skiing 18%

Soccer 14%

Conclusion: The practice of contact/collision sports is associated 
with a greater prevalence of chondral defects findings during hip 
arthroscopy for FAI. The level of play is also associated with the pre-
sence of chondral defects.
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P268
Metal resurfacing inlay implant for osteochondral defects of the 
talus after failed previous surgery: a prospective study
R. Gerards, I. Van Eekeren, M. Reilingh, C. Van Bergen, N. Van Dijk  
Amsterdam/Netherlands

Purpose: This studie aimed to evaluate the clinical effectiveness of 
the metal resurfacing implant for Osteochondral defects of the me-
dial talar dome after failed previous surgery.

Methods and Materials: We prospectively studied 24 consecutive 
patients for a median of 4 years (range, 2 – 5 years). For inclusion 
patients had to have complained persistently for more than a year 
after previous surgical treatment. Exclusion criteria included an age 
< 18 years, ankle osteoarthritis grade III, other ankle pathology, and 
diabetes mellitus. The primary outcome measure was the Numeric 
Rating Scale of pain (NRS) at rest and during walking, running, and 
stair climbing. Secondary outcome measures were the Foot Ankle 
Outcome Score (FAOS), American Orthopaedic Foot and Ankle Soci-
ety (AOFAS) ankle-hindfoot score, Short-Form 36 (SF-36) and radio-
graphic evaluation

Results: There was statistically significant reduction of the NRS 
pain in three of four situations (i.e., pain during walking, stair clim-
bing and running; p ≤ 0.01; repeated measures ANOVA). For exa-
mple, the NRS during walking improved from a mean of 6.8 ± 1.3 
preoperatively to 3.1 ± 2.6 at final follow-up. The FAOS improved 
on four out of five subscales (p ≤ 0.01; repeated measures ANOVA), 
except for the subscale “other symptoms” (p = 0.78). The AOFAS 
score improved from a median of 62 (range, 28 – 75) preoperatively 
to 85 (range, 58 – 100) at final follow-up (p < 0.01; Friedman’s two-
way analysis of variance by ranks). The SF-36 physical component 
scale improved from a mean of 35 ± 8 pre-operatively to 44 ± 13 at 
final follow-up (p < 0.01; repeated measures ANOVA); the mental 
component scale did not change significantly.

Conclusion: This study shows that a metal implant is a promising 
treatment for osteochondral defects of the medial talar dome after 
failed previous surgery.

P269
Clinical trial and in vitro study for the role of cartilage and 
synovia in acute articular infection
H. Schmal, E.R. Langenmair, E.J. Kubosch, S. Beck, G.M. Salzmann  
Freiburg/Germany

Purpose: Osteoarthritis is a known long-term complication of acute 
articular infections. However, the roles of cartilage and synovia in 
this process are not yet fully understood.

Methods and Materials: Patients with acute joint infections were in-
cluded in a prospective clinical trial, and cytokine composition of ef-
fusions compared in patients with arthroplasty (n=8) or with intact 
joints (n=67). In parallel, regulations were analyzed using a human 
in vitro model of joint infection with or without chondrocytes.

Results: Systemic inflammatory parameters in vivo and intraarti-
cular total protein content did not differ between the groups, ho-
wever, synovial IL-1β levels were significantly increased in patients 
with arthroplasty (p=0.004). Higher IL-1β concentrations were also 
found in the in vitro model without chondrocytes after 3, 7 and 10 
days (p<0.05). The anti-inflammatory cytokines IL-4 and IL-10 were 
consistently expressed in vivo and in vitro, showing no relation to 
the presence of cartilage or chondrocytes. In contrast, FasL levels 
steadily increased in vitro, reaching higher levels without chondro-
cytes (p<0.05). Correlating, viability of synovial fibroblasts (SFB) 
during infection was higher in the presence of chondrocytes. The 
markers of cartilage metabolism aggrecan, and bFGF were higher 
concentrated in intact joints, reaching statistical significance only 
for bFGF (p=0.03). All proteins were also found in vitro in the ab-
sence of chondrocytes, showing a time dependent expression pat-
tern for bFGF and higher levels for aggrecan.

Conclusion: The data suggest an anti-inflammatory effect of carti-
lage associated with an increased resistance to infections of SFB, 
which were effectively able to synthesize cartilage metabolites.

P270
Synovial expression of BMP-2, BMP-7 and their receptors in 
acute joint infection.
E.R. Langenmair1, E.J. Kubosch1, G. Salzmann2, H. Schmal1  
1Freiburg/Germany, 2Zurich/Switzerland

Purpose: Evaluate the expression pattern of Bone morphogenetic 
protein-2 (BMP-2), BMP-7 and their receptors Bone morphogenetic 
protein receptor-1A (BMPR-1A), BMPR-1B, and BMPR-2 of synovium 
in infected large human joints.

Methods and Materials: Immunohistological staining was perfor-
med to compare protein expression patterns of synovium in infected 
large human joints (n = 12) with those in chronic osteoarthritis (n 
= 15). Samples were analyzed and scored semiquantitatively using 
the Remmele Score. Further statistical analysis was performed 
using mean ± standard deviation, rank sum U-Test (Mann-Whitney) 
and Spearmen’s rho coefficient.

Results: There was a high expression level of BMP-7 and BMPR-1A 
in all samples with acute infection. 6 of 12 samples showed a mode-
rate expression of BMPR-1B. There was no expression of BMP-2 in 
acute joint infection with exception of two samples, which presen-
ted a weak expression. No sample showed a BMPR-2 expression. 
BMPR-1A expression was significantly higher in infected joints com-
pared to chronic osteoarthritis (p < 0.01). Further, the expression of 
BMPR-1B was significantly higher in acute joint infection compared 
to chronic osteoarthritis (p < 0.01). There was no significant diffe-
rence in expression of BMP-2, BMP-7 and BMPR-2 comparing acute 
joint infection with chronic osteoarthritis. Data analysis reveals a 
statistically significant positive correlation between BMP-2 and 
BMP-7 expression in acute infection (rho > 0,6; p < 0.05) but not in 
chronic osteoarthritis. All other parameters didn’t show significant 
positive or negative correlation.

Conclusion: To the best of our knowledge, this is the first study 
showing BMP-2, BMP-7, BMPR-1A and BMPR-1B expression of syno-
vium in acute joint infection. Those BMPs and BMPRs are essential 
in cartilage recovery mechanisms. In case of acute joint infection, 
our findings emphasize the crucial role of synovium by upregulation 
of BMPR-1A, BMPR-1B, and BMP-7, thereby providing a regenerative 
intraarticular environment.

P271
Comparison of the effects of IGF–1 and hyaluronic acid in an 
experimental osteochondral defect in rat knees
C. Alemdar1, I. Yucel2, B. Erbil3, H. Erdem4, R. Atic1, E. Ozkul1  
1Diyarbakir/Turkey, 2Istanbul/Turkey, 3Tekirdag/Turkey, 4Ordu/
Turkey

Purpose: The aim of this study was to compare the effects of IGF–1 
and hyaluronic acid in an experimental osteochondral defect in rat 
knees.

Methods and Materials: The rats were divided into three groups 
(n=15 per group) as follows: the IGF–1 group, hyaluronic acid group, 
and control group. An osteochondral defect of a diameter of 1.5 mm 
and a depth of 2 mm was created on patellar joint side of femoral 
condyles. The IGF–1 group received an absorbable gelatin sponge 
soaked with 15µg/15 µl of IGF- 1 and the hyaluronic acid group re-
ceived an absorbable gelatin sponge soaked with 80µg hyaluronic 
acid. The control group received only an absorbable gelatin sponge. 
Rats were sacrified at the sixth week and the femur condyles were 
evaluated histogically.

Results: According to the Total Mankin Scale, there was statisti-
cially significant difference between IGF-I and HA groups and IGF-I 
and control groups (p<0.05, p<0.05;respectively). There was also a 
significant statisticially difference between HA and control groups 
(p<0.05).

Conclusion: It was shown histopathologicially that IGF-I is an effec-
tive molecule for osteochondral lesions. Although it is weaker than 
IGF-I, HA also strentghted the repair tissue. Studies that chould 
combine these two molecules to obtain a synergistic effect, will con-
tribute positively to the healing process of osteochondral injuries.



Posters 238

P272
Conserved chondrogenic expression of human chondrocytes 
cultured on precipitant induced porosity augmented polystyrene
N.L. Joergensen, D.Q.S. Le, C.B. Foldager, M. Lind, H. Lysdahl  
Aarhus/Denmark

Results: We found porosity created in nano- and micro scale when 
using the PIPA technique on polystyrene (fig.1). The accumulated 
PD of chondrocytes showed no difference between the two sur-
faces. PIPA surfaces promoted chondrogenic differentiation of hu-
man chondrocytes compared with cells on the control surface as 
evident by higher relative gene expression of collagen II in P1-2 and 
aggrecan in P1 (fig.2). Human chondrocytes expanded on PIPA sur-
faces prior to pellet formation revealed a better chondrogenicity by 
more synthesis of proteoglycans and collagen II. Fig.1

 

Fig.2

 

P273
Treatment of Cartilage Defects With 3D Bio-Printed Scaffolding
T.A. Goldstein1, B.D. Smith2, J. Berkowitz1, D. Grande2  
1Manhasset/United States of America, 2Hempstead/United States 
of America

Purpose: Our objective is to: produce a functional and biological-
ly active cartilaginous graft using three-dimensional bio-printing 
technology.

Methods and Materials: Human CT scans as well as gross rat knee 
joints were used as a model create a 3D-CAD graft design. 3D prin-
ting occurred with poly-lactic acid (PLLA) and a bio-ink base, of col-
lagen type-1/alginate gels, 1:19. Native chondrocytes isolated and 
cultured from male SpragueDawley Rats (SDR)9 were added to the 
bio-ink to achieve a final concentration of ~10,000 cells per mm3. 
Scaffolds were analyzed for initial cell viability post extrusion and 
their proliferation was measured at 1, 3, 5, 7 days using the MTS 
assay. In addition, the scaffolds were examined with Calcein AM, 
live cell dye and fixed for histological analysis.

Results: Scaffold design consisted of pore sizes ranging from 300-
700 µm with a height of no more than 950µm. Bio-printed cells 
had an 85% viability and proliferated on average from ~215,000-
600,000 cells/7-days. There was no evidence of cellular toxicity fol-
lowing extrusion of the bio-ink indicating good biocompatibility of 
our scaffold. Histological samples contained numerous islands of 
Safranin-O positive staining throughout the scaffold. Chondrocyte 
function was inferred by the re-establishment of cells within a provi-
sional lacunae and abundant ECM in the pericellular space.

 

Conclusion: Our results demonstrate that 3D bio-printed biode-
gradable PLLA scaffolds containing proliferating chondrocytes can 
address unmet clinical needs in cartilage repair and regeneration. 
The rapid creation of cartilage plugs through 3D bio-printing can 
potentially lead to improved repair and resurfacing of the articular 
surface. Articular cartilage repair remains a challenge to the ortho-
paedic surgeons. With this research, we look to find a definitive 
treatment in an area where one continues to be elusive. Although 
further development is necessary to create a viable treatment, this 
proof of concept model indicates that 3D printing technology can 
offer an individualized solution to many pathologies.

P274
Transcript Expression Changes over Time-from-injury in Anterior 
Cruciate Ligament Tears: Implications for Reconstruction and 
Repair
M.F. Rai, R.H. Brophy, L. Sandell  
St. Louis/United States of America

Purpose: Anterior cruciate ligament (ACL) tears are a common inju-
ry, which often leads to functional instability and an increased risk 
for osteoarthritis. The healing potential of the injured ACL is poorly 
understood and is considered to be limited. Therefore, most ACL 
tears that are treated surgically undergo reconstruction rather than 
repair.

Methods and Materials: Transcriptome-wide expression pro-
files of 24 human ACL remnants recovered at the time of surgical 
reconstruction were analyzed utilizing the Agilent human 8x60K 
microarray platform. Gene ontology was performed on differentially 
expressed transcripts based on time-from-injury (acute, <3 months; 
intermediate, 3-12 months; chronic, >12 months). Many transcripts 
were validated via digital polymerase-chain-reaction. Expression of 
periostin, a highly differentially expressed transcript, was tested by 
immunohistochemistry.

Results: Numerous transcripts covering important functional clas-
sifications were differentially expressed by time-from-injury inclu-
ding angiogenesis, stem-cell differentiation and proliferation, cel-
lular component organization/cellular localization, myosin filament 
organization and extracellular matrix organization. Periostin was 
down-regulated in chronic tears compared to acute (42-fold) and 
intermediate (29-fold) tears. Immunohistochemistry confirmed a 
decline in periostin expression in tissues from chronic tears.

Conclusion: These findings suggest an initial attempt of the injured 
ACL to repair, which declines with time-from-injury. These findings 
have implications for efforts to repair the ACL and may be relevant 
for reconstruction of the ACL. In addition, molecular signatures in 
injured ACL mirror some of the early events of post-traumatic os-
teoarthritis. The functional role of periostin in ACL injuries, and the 
potential implication for surgical treatment, warrants further inve-
stigation.

P275
A Novel Shear and Compression Bioreactor for Articular Cartilage 
Research and Tissue Engineering
C. Meinert, K. Schrobback, T.J. Klein  
Kelvin Grove/Australia

Purpose: Chondrocytes reside in a dynamic mechanical environ-
ment, where they respond to complex physical stimuli through 
mechanotransduction. Chondrocyte mechanotransduction has 
functional implications during cartilage development and adult 
life. Additionally, mechanical stimulation has been shown to im-
prove the biomechanical properties of in vitro engineered cartilage. 
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Hence, mechanical stimulation bioreactors are valuable tools for 
cartilage research and tissue engineering. We therefore aimed to 
develop a bioreactor capable of applying shear and compressive 
stimulation to engineered cartilage constructs, and to examine the 
effects of dynamic loading on human chondrocyte gene expression.

Methods and Materials: A bi-axial bioreactor capable of stimulating 
25 constructs simultaneously was designed and fabricated (Fig. 1A). 
Bi-axial loading is accomplished by two orthogonal linear actuators 
(resolution < 50 nm, repeatability < 1 µm) with real-time position 
feedback. While the device primarily functions as a bioreactor that 
mimics native mechanical strains, it is also fitted with a 50 Newton 
load cell to provide real-time force feedback and mechanical te-
sting. Dynamic loading experiments were performed with expanded 
human articular chondrocytes encapsulated in an artificial extracel-
lular matrix composed of photocrosslinkable derivatives of gelatin 
and hyaluronic acid (Levett, Acta Biomaterialia 2014).

Results: Thorough testing confirmed that the device is capable of 
accurately applying compressive and shear deformation to hydro-
gel constructs. Initial experiments involving dynamic compression 
of hydrogel-encapsulated chondrocytes demonstrated significantly 
increased matrix gene expression. Dynamic strains of 10%, 30%, 
and 50% of construct height applied for 1h at 1Hz resulted in up-
regulation of cartilage matrix genes ACAN, COL2A1, and PRG4 (Fig. 
1B), suggesting the usefulness of this device for the enhancement of 
tissue-engineered cartilage.

 

Conclusion: The newly designed bioreactor facilitates controlled 
shear and compressive loading to cartilage constructs in vitro. The 
use of this bioreactor will not only improve the quality of engineered 
neo-cartilage constructs, but also our understanding of how cells 
respond to compressive and shear loads. 

P276
Unique Patterns of Gene Expression in Articular Chondrocytes
E. Adam, Y. Huang, S. Coleman, J. Lambert, P. Thampi, A. Stromberg, 
J. Liu, J.N. Macleod  
Lexington/United States of America

Purpose: Purpose: The normal repair capacity of articular cartilage 
is limited, which contributes to the chronic and progressive patho-
genesis of osteoarthritis. Repair tissue produced endogenously or 
generated following the introduction of cell-based therapies is often 
fibrocartilage in structure, poorly integrated into surrounding heal-
thy tissue, and biomechanically deficient. A detailed understanding 
of articular chondrocyte gene expression, especially relative to 
other types of chondrocytes, remains an important knowledge gap 
limiting efforts to improve articular cartilage repair. The purpose of 
this study is to characterize the mRNA transcriptome of normal arti-
cular chondrocytes at different developmental stages. Hypothesis: 
Chondrocytes in different types of cartilage have unique and tissue-
restricted patterns of gene expression. 

Methods and Materials: Total RNA from biological replicates of dif-
ferent cartilaginous tissue samples was sequenced. The sample set 
was composed of articular cartilage and nasal septum from adult 
horses (n=5), articular and epiphyseal cartilage from neonatal foals 
(n=7), and interzone-rich tissue and adjacent cartilage anlage from 
early equine fetuses (n=7). Illumina® paired-end, strand-specific 
2x100 bp reads were mapped to the equine reference genome using 
MapSplice software. 

Results: Results: Data were analyzed for differential expression at 
gene loci and for altered expression of specific mRNA transcripts 
from the same gene locus. On a transcriptome level, steady state 
mRNA differences were greatest between adult articular cartilage 
and nasal septum cartilage. Articular and epiphyseal cartilage in the 
neonatal samples were the most similar among the three experi-
mental comparisons.

 

Conclusion: Conclusion: The data document substantial gene ex-
pression differences between these cartilaginous tissues on both 
quantitative and qualitative levels.



Authors‘ Index 240

A

Abbadessa, A.: P39  
Abbas, M.: 16.1.2, P191  
Abdel-Sayed, P.: P93  
Abe, S.: P04  
Abelow, S. P.: P106  
Abhishek, M.: P199  
Abusleme, R.: P229  
Abuzenadah, A.: 16.1.2, P191  
Acerbi, A.: 18.4.3  
Ackland, T.: 23.4.5  
Adam, E.: P276  
Adams, J. S.: 8.1.3  
Adesida, A.: 16.2.10, P176  
Adolph, J.: 8.2.7, P100  
Agnoletto, M.: P25  
Aisenbrey, E.: P58  
Aiyash, S.: 10.2.9  
Akgun, I.: P111  
Akgun, Y.: P111  
Akieda, S.: P110  
Akindolire, J.: P08  
Akkaya, M.: P78  
Al-Qahtani, M.: 16.1.2, P191 
Albrecht, C.: P215  
Alder, J.: 10.1.7  
Aldrian, S.: P215  
Alemdar, C.: P271  
Alexander, P.: P188  
Alkaff, M.: P191  
Almqvist, K.: P64, P66, P251, P253  
Alsberg, E.: P200  
Alsehli, H.: 16.1.2, P191  
Alsema, E. C.: 18.3.4  
Altschuler, N.: 18.2.8, P65, P76  
Alvanos, D.: P142  
Alvarenga, M. L.: P204  
Alvarez, E.: P99  
Alves, A. L.: P204  
Amano, K.: P210  
Amarpal, A.: P203  
Amendola, A. N.: P01  
Amrami, K. K.: P210  
Anders, S. A.: 16.4.9, P251  
Anderson, A. B.: 8.4.4  
Andjelkov, N.: P143  
Andriolo, L.: 8.3.3, P68, P107,  
 P230, P254, P258  
Angele, P.: 8.3.4, 8.3.5, 18.1.2,  
 18.1.8, 19.1.3  
Angthong, C.: P168  
Anitua, E.: P140  
Antfleck, D.: P33  
Antonioli, E.: 10.4.4  
Anzini, M.: P154  
Ao, Y.: 8.4.3, 8.4.8, 10.3.3,  
 16.2.9, P37, P38  
Apostolidis, K.: P113  
Applegate, G.: 18.4.9  
Applegate, L.: P93  
Apprich, S.: P103  
Araki, D.: 10.1.4  
Arbel, R.: 18.1.6, P251  
Arce, C.: P31  
Archer, C.: 16.1.7  
Arnold, M.: 11.1.3  
Arthurs, J.: P206  
Asanbe, O. A.: P202  
Asnaghi, A.: P115  
Assirelli, E.: 23.4.7, P131  
Atic, R.: P271  
Aubin, C.: 23.2.9  
Aula, A.: 8.1.6  
Aulmann, A.: 10.4.3  
Aurich, M.: P213  
Avner, A.: P76 

B

Böck, T.: P53  
Baba, H.: P195  
Baba, R.: 16.2.7, 16.3.3, P24  

Bach, Jr, B. R.: 10.1.3, 10.1.10,   
 23.3.8, 23.4.3  
Baessler, A.: 18.2.5  
Bahtiyar, E. E.: P216, P217  
Baily, J.: P18  
Bannuru, R.: 21.1.3  
Barbero, A.: 16.1.9, P115, P156  
Barg, A.: P124, P242  
Barnes, A.: P59  
Barrera, L. A.: 16.1.5  
Barreto, G.: 10.3.4  
Barrett, M.: 16.1.7  
Barro, V.: P228  
Barton, G. J.: P222  
Bartz, C.: P95  
Basad, E.: P251  
Bastiaansen, Y. M.: 10.4.10, 23.2.6, P22  
Bauer, C.: P73  
Bauer, K.: P03  
Baumgarten, G.: P213  
Baumgartner, R.: P73  
Baumhoer, D.: P115  
Bean, A. C.: 18.1.4  
Becher, C.: 8.3.10  
Beck, A.: 8.4.7  
Beck, S.: P269  
Begum, R.: 16.2.8  
Beier, F.: 21.2.1, P31  
Bekkers, J. E.: 8.2.5, P209  
Bellemans, J.: P251  
Belmonte, G.: P154  
Bennett, C.: P101  
Bennett, G. W.: 8.4.4  
Berendsen, J.: P196  
Berg, H.: P26  
Berg, L. C.: P155  
Berkowitz, J.: P132, P273  
Berlingeri, A.: P135  
Berninger, M.: 8.1.9, P263  
Bernstein, D.: P07  
Berruto, M.: P69, P70, P79, P105,  
 P259  
Best, T. M.: P266  
Betancourt, A. M.: P54  
Beutel, B.: 23.4.6  
Beyzadeoglu, T.: 16.4.5  
Bhanji, C.: P109  
Bhatia, S.: 18.4.2  
Bianco, D.: P124  
Biant, L. C.: 23.3.4, 24.2.2, P21,  
 P177, P178  
Bielli, A.: P135  
Bigon, M.: P81  
Billet, F.: P119  
Bilousova, G.: P190  
Binkowski, M.: P05  
Birmingham, T.: 13.2.1  
Bischoff, L.: P100  
Bischoff, S.: 8.2.7, P100  
Björkman, M.: 8.1.6  
Bjellerup, P.: P143  
Blaney Davidson, E. N.: 
 18.3.3, 18.3.7,   
 P194  
Bleijs, M. W.: 10.3.9  
Bleys, R. L.: P96  
Blokzijl, M. M.: P39  
Blum, M. M.: P52  
Blunk, T.: P53  
Bobic, V.: 6.3  
Boehm, C.: P200  
Bogdanov, J.: 8.1.3, P117  
Bonassar, L.: 4.2, 18.1.3, P84,  
 P155, P202  
Bonetti, I.: P104  
Bonin, C.: P02  
Bonitsky, C. M.: P153  
Bonnevie, E. D.: P155  
Borgwardt, J.: P100  
Bornes, T. D.: P176  
Borsky, M.: P138  
Bos, P.: 10.4.10, P22  
Boszotta, H.: P13  
Boudreau, R.: 8.2.8, 16.4.2  

Boulocher, C.: P121  
Boux, E.: P262  
Bozkurt, M.: P78  
Bozynski, C. C.: 10.3.6  
Bradely, J.: 21.1.1  
Brady, K.: 10.4.9, P180  
Brady, R.: P23  
Brama, P. A.: P23  
Breidahl, B.: 23.4.5  
Brial, C.: 21.2.3, P171  
Briggs, D.: P09, P12  
Briggs, K. K.: 8.2.9, 10.1.2, 18.4.2,  
 P165, P267  
Bright, P.: P245  
Brinchmann, J. E.: 10.3.10, P189  
Brittberg, M.: 1.2.3, 8.3.6  
Brix, M.: 8.2.6, P13  
Brommer, H.: P43  
Bronzini, I.: P155  
Brophy, R. H.: P274  
Brouillette, M. J.: 16.2.4  
Brunetti, A.: 8.4.5  
Brunger, J.: 22.2  
Bryant, S. J.: 7.1.1, P58  
Bryant, T.: P263  
Bucknell, A.: 10.3.7  
Buckwalter, J.: 16.2.4  
Buda, R.: 18.4.10, P104, P108  
Bugbee, W. D.: 8.2.4, 13.3.2, 15.2.3,  
 18.2.3, 18.2.4,   
 18.2.7, 24.2.3, P09,  
 P10, P11, P12, P16  
Bulwin, G.: P95  
Burg, J.: 18.4.7  
Burge, A.: P15  
Burger, M.: P156  
Bursig, H.: P05  
Busacca, M.: 8.2.3, P255  
Buschmann, M. D.: 16.2.1, 18.2.2,   
 23.2.8, 23.2.9, P40,  
 P83, P87, P146,  
 P179, P238  
Buskermolen, J. K.: P96 

C

Caballero-Santos, R.: P106  
Caetano, R.: P223  
Caliskan, G.: P111  
Calvo, R.: P06  
Cameron, J.: P11  
Camilleri, E.: P02, P30, P184  
Camitz, L.: P159  
Campagnol, M.: P25  
Campbell, K. A.: 8.3.2, 10.1.8, 23.3.10  
Can, N.: P216, P217  
Canella, V.: P135, P141  
Caplan, A.: 1.2.1, 21.1.2, P116  
Carandang, G.: 18.2.5  
Carey, J.: 5.2.1  
Carimati, G.: P79  
Caron, M. M.: P151  
Carpenter, E. L.: P211  
Carvajal, A. L.: P204  
Carvalho, N.: P223  
Casper, M. E.: P83  
Casqueiro-Abad, M.: P106  
Cassano, J. M.: 2.1.2, 23.4.4  
Castagnini, F.: P108  
Caterine, S.: P88  
Caterson, B.: 21.1.4  
Cattini, L.: P135, P141  
Cavallo, C.: 18.4.10, P131, P137  
Cavallo, M.: 18.4.10, P104, P108  
Cenacchi, A.: P104  
Cerulli, G.: P79  
Cha, S.: P205  
Chahal, J.: P185  
Chahine, N.: 21.2.4  
Chalmers, P. N.: P256  
Chan, D. D.: 8.1.10  
Chan, K.: 18.4.9  
Chan, S.: 18.4.9  



Authors‘ Index241

Chang, C.: P129, P148  
Chang, E.: 8.2.4  
Chang, N.: 18.2.7, P200  
Chapman, E.: P145  
Chapman, H.: 18.3.10  
Chartterjee, M.: 23.3.7  
Chatzistamatiou, T.: 23.4.8, P113  
Chaudhary, A.: 16.1.2, P191  
Chauhan, V.: 10.2.10  
Chausson, M.: 16.2.3  
Cheleschi, S.: P154  
Chen, A. C.: 18.2.7  
Chen, C.: P129, P148  
Chen, G.: P54, P146  
Chen, L.: 10.4.8, P48  
Chen, P.: P50, P98  
Chen, T.: 21.2.3, P47, P171  
Chen, Y.: 23.2.5  
Cheng, A. P.: 8.1.5  
Cheng, T.: P218  
Cheung, E.: 23.3.7  
Chevrier, A.: 23.2.8, P40, P179,  
 P238  
Chiang, H.: P120  
Chien, F.: P120  
Chijimatsu, R.: P92, P181  
Cho, J.: 16.4.7  
Choi, Y.: 16.3.10, P175, P201  
Christensen, B. B.: 8.4.10, P28, P61,  
 P172  
Chubinskaya, S.: 1.2.2, 16.4.6, 18.2.8  
Chudik, S.: 18.2.5, P222  
Chung, C. B.: 8.2.4  
Chung, K.: P97  
Ciemniewska-Gorzela, K.: 
 P232, P233  
Cinquin, P.: P119  
Citak, M.: P174  
Clark, A.: P145  
Cleary, M.: P194  
Clockaerts, S.: 10.4.10, 23.2.6  
Coeleveld, K.: 18.3.4, 23.2.4  
Cohen, B. P.: P202  
Cohen, I.: P84, P197  
Cohen, J. R.: 23.3.6  
Cohen, M.: 10.4.4  
Cohen, N.: 18.1.6  
Colbath, A.: 10.4.2  
Colcuc, C.: P72  
Cole, B.: 1.1.3, 1.1.6, 7.3.4,  
 8.1.4, 8.3.2, 10.1.3,  
 10.1.8, 10.1.10, 10.2.9,  
 13.1.3, 18.2.10,  
 18.3.2, 18.3.8,   
 18.3.10, 23.3.3,  
 23.3.8, 23.3.10,  
 23.4.3, P14, P17,  
 P147, P219, P251,  
 P256  
Coleman, S.: P276  
Coles, M.: P59  
Colwell Jr, C. W.: 1.2.6  
Concejero, V.: P106  
Condello, V.: 18.1.6, 18.1.7, P75,  
 P81, P241, P255  
Cong, X.: 23.2.5  
Conget, P.: P06  
Conner, D. M.: P90  
Cook, C.: 10.3.6  
Cook, J. L.: 10.3.6, 18.3.2,   
 18.3.10, 22.3  
Cool, S.: P184  
Copeland, R. O.: P166  
Cornblatt, G. A.: P134  
Correa, D.: 1.2.1  
Correia, C.: P29  
Corte-Real, N.: P223  
Corvelli, M.: 23.2.10  
Cory, E.: 18.2.7  
Cowman, M.: 23.4.6  
Cracchiolo, A. M.: 18.1.10  
Crawford, D.: 8.3.8 

 

Creemers, L.: 10.2.1, 10.2.5, 10.2.6,  
 10.2.7, 10.3.9, 11.2.3,  
 P226  
Crooks, G. M.: 8.1.3  
Cross, J.: 18.3.10  
Crowe, R.: P218  
Cui, X.: P57  
Cury, R. P.: 10.1.5  
Custillon, G.: P119  
Cvetanovich, G. L.: 8.3.2, 10.1.8, 23.3.3,  
 23.3.10, P147 

D

D’Lima, D.: 1.2.6  
Da Silva Morais, A.: P29  
Dahm, D. L.: P265  
Dai, G.: P57  
Dai, J.: 23.2.5  
Dai, L.: P38  
Dakischew, O.: 16.3.9  
Dallol, A.: 16.1.2  
Dalton, P.: P43  
Danna, N.: 23.4.6  
Darras, V.: P40  
Darwiche, S.: P93  
Datta, A.: P130  
Davey, R.: P33  
Davidson, P. A.: P101  
De Bari, C.: 2.1.3  
De Caro, F.: 8.3.3, P01, P68  
De Jong, P.: P209  
De Jong, W.: P149  
De Kroon, L. M.: 18.3.3, 18.3.7, P194  
De Souza, G.: 10.3.10  
De Windt, T.: 16.3.2, 16.3.4, P96  
Deberardino, T. M.: 8.3.8  
Decker, R. S.: 10.4.1, P234  
Degrassi, L.: 18.3.9  
Dejour, D.: 13.2.3  
Del Prete, F.: 8.4.5  
Delcogliano, M.: P79  
Delgado, D.: P140  
Dell’Accio, F.: P22  
Della Valle, C.: P256  
Della Villa, F.: 14.3  
Della Villa, S.: 14.3, 23.3.1  
Deprés-Tremblay, G.: P238  
Dereymaeker, G.: 18.4.7  
Desmond, C.: P206  
Desnoyers, J.: 8.4.6  
Dexheimer, V.: 10.4.3  
Deyoung, A.: 18.2.3, P10, P11  
Dhert, W.: 8.2.5, 10.2.5, 10.2.6,  
 10.2.7, 10.3.9, 16.3.2,  
 16.3.4, P39, P43,  
 P46, P96, P226  
Dhollander, A. A.: P64, P66, P253  
Di Benedetto, P.: P174  
Di Capua, A.: P154  
Di Giancamillo, A.: P25  
Di Martino, A.: 8.2.3, 8.3.3, 15.3.5,  
 23.4.2, P67, P71,  
 P107, P230, P254,  
 P257, P258, P259,  
 P260  
Di Matteo, B.: 15.3.5, 23.4.2, P67,  
 P71, P107, P135,  
 P141, P230, P254  
Di Salvatore, M.: P252  
Diab, K.: 8.1.5  
Diaz, C.: 16.3.5  
Diaz Martinez, E.: P198  
Dickinson, S. C.: 10.4.9, P180  
Diederichs, S.: P20  
Dietz, A. B.: P184  
Dijkstra, K.: P182  
Dikina, A.: P200  
Ding, L.: P01  
Dolce, D.: 10.1.7  
Dolzani, P.: 23.4.7  
Domayer, S.: P13  
Domb, B.: 7.2.2  

Domeneghini, C.: P25  
Donmez, G.: P102  
Donnelly, P.: P47  
Donnelly, R. L.: 10.3.5  
Doral, M.: P102  
Dornan, G. J.: 10.1.2, P211  
Douette, P.: 16.2.3  
Dow, S.: 10.4.2  
Drobnič, M.: P80, P220  
Drogset, J. O.: 8.3.7  
Duan, X.: P236  
Dubuc, J.: 16.2.3  
Dudakovic, A.: P30, P184  
Dudzinski, W.: P232  
Duhr, R.: P156  
Dulic, O.: P74  
Dunn, A. R.: P144  
Dwivedi, G.: P179 

E

Eder, C.: 10.2.4  
Edwards, S. C.: 18.1.5  
Efe, T.: P72, P231  
Eftychiakos, N.: P142  
Ekinci, S.: P216  
El Attrache, N.: 21.1.1  
El Gabalawy, H.: 8.1.5  
Elerian, A. E.: P247  
Elisseeff, J.: 4.1, 23.2.10  
Ellä, V.: 8.1.6  
Elmedany, A. H.: P27  
Elsner, J. J.: 18.1.6, 18.1.7, P49,  
 P81  
Emans, P.: P151  
Endres, M.: 10.2.2, 18.3.9, P100,  
 P133, P262  
Engebretsen, L.: 8.3.7  
Ennis, H.: 23.2.2  
Erbil, B.: P271  
Erck, R.: 18.2.5  
Erdal, O. A.: P111  
Erdem, H.: P271  
Erdle, B.: 8.3.9, P164  
Erggelet, C.: 8.3.1, 9.2.1  
Erickson, B. J.: 10.1.3, 10.1.10, 23.3.8  
Erturk, M.: P111  
Erwin, S. A.: P134  
Espinosa, M.: P06  
Esposito, A.: P25  
Espregueira-Mendes, J.: 
 P29  
Estes, B.: 22.2  
Evans, C. H.: 2.1.1  
Evseenko, D.: 8.1.3, P117  
Ewida, M.: P247 

F

Fagrelius, T.: 8.2.9  
Fang, H. W.: P129, P148  
Farber, J.: 8.2.8, 16.4.2  
Farr, J.: 1.1.2, 11.1.5, 13.3.1,  
 P85  
Fay, J.: 8.3.10  
Feliciano, S.: 16.1.9, P115  
Felmet, G.: P123  
Felmlee, J.: P210  
Ferkel, R.: 15.2.5, 18.4.9  
Fernandez-Jaen, T.: P106  
Ferrari, V.: 18.4.3  
Ferretti, M.: 10.4.4  
Ferro De Godoy, R.: 10.4.9  
Ferrua, P.: P69, P70, P105, P259  
Fickert, S.: 8.3.10  
Figueroa, D.: P06 



Authors‘ Index 242

Filardo, G.: 1.1.5, 8.2.3, 8.3.3,  
 15.3.5, 18.3.1,   
 23.4.2,P67, P68,  
 P71, P107, P131,  
 P135, P137, P141,  
 P230, P254, P255,  
 P257, P258, P259,  
 P260  
Finch, A.: P47  
Fioravanti, A.: P154  
Fischer, J.: 10.4.3  
Fisher, J.: P19  
Flanigan, D.: P169, P266  
Foldager, C. B.: 8.4.10, P28, P61,  
 P127, P172, P272  
Fong, D.: 8.1.5  
Fontana, A.: 18.4.3, 18.4.5, P60  
Formica, F.: 23.4.10  
Forriol Campos, F.: 8.4.6  
Forsythe, B.: 23.4.3  
Fortier, L.: 1.1.6, 2.1.2, 8.1.4,  
 10.3.5, 16.4.4,   
 18.3.2, 18.3.8,   
 18.3.10, 23.4.3,  
 23.4.4, P155, P197  
Foster, T.: 21.1.1  
Fowler, D. E.: 10.1.6  
Francin, P.: P152  
Frank, R. M.: 10.1.3, 10.1.10,   
 10.2.9, 23.3.8, P256  
Franke, K.: 8.3.9  
Fraser, E. J.: 2.1.2, 10.2.8, 18.4.8,  
 23.4.4, P32, P225,  
 P243  
Freymann, U.: 10.2.2, 18.3.9, P133,  
 P262  
Frick, M.: P210  
Frisbie, D. D.: 8.4.9, 16.1.7  
Friske, J.: 8.2.6  
Fritz, J.: 8.3.5  
Frohbergh, M.: 16.1.5  
Fukui, T.: 8.2.10 

G

Görtz, S.: 5.2.4, 18.2.3, P10,  
 P11  
Götz, J.: 16.4.9  
Gabet, Y.: P49  
Gabler, J.: 16.3.7  
Gaggero, N.: P229  
Gaissmaier, C.: 8.3.5  
Gale, A.: 10.1.7  
Galeano-Garces, C.: P02, P30, P184  
Galeazzi, M.: P154  
Gandhi, R.: P33  
Gao, G.: P57  
García, R.: P128  
Garcia, G.: P261  
Garcia, J. K.: P187  
Gari, M.: 16.1.2, P191  
Garon, M.: 18.2.2, 23.2.8,   
 23.2.9, P83, P87  
Gatlin, C. C.: P211  
Gaudin, P.: P119  
Gausden, E. B.: 23.3.5  
Gauthier, S.: 16.2.3  
Gawlitta, D.: P39, P46  
Ge, Y.: 16.1.5  
Ge, Z.: 10.4.6, P44  
Gebhart, N.: P206  
Gelse, K.: 8.2.6  
Gemci, M. H.: P216, P217  
Genemaras, A.: 23.2.2  
Genever, P.: P59  
Geraghty, S.: P101  
Gerards, R.: P268  
Gersbach, C.: 22.2  
Gertrudes, A.: P29  
Getgood, A.: 1.1.4, 8.1.1, P08, P31,  
 P88  
Geurts, J.: P124, P156  
Ghosh, P.: 16.3.6, 23.4.9  

Giaccia, A. J.: 10.2.3  
Giachetti, G.: 8.4.5  
Giannini, S.: 18.4.10, P104, P108  
Giesemann, P.: P95  
Gilbert, F.: P53  
Gill, T. J.: 18.1.5  
Giordani, A.: P154  
Girardeau-Montaut, D.: 
 P119  
Gisler, R.: 16.1.6, P35  
Gkikas, G.: P142  
Glass, K.: 22.2  
Gleeson, J. P.: P23  
Gobbi, A.: 8.4.1, P199  
Goerger, J.: P197  
Goitz, H. T.: 18.1.10  
Goldberg, A. C.: 10.4.4  
Goldschlager, T.: 23.4.9  
Goldstein, T. A.: P130, P273  
Golijanin, P.: 10.2.9  
Goljan, P.: 8.2.9  
Gomez-Aristizabal, A.: P185  
Gomez-Garcia, R.: P198  
Gomoll, A. H.: 16.1.8, P85  
Gong, J. P.: 16.2.2, 16.2.5  
González, J.: P06  
Goodale, M. B.: 2.1.2  
Goodrich, L.: 10.4.2, 19.2.3  
Goodship, A.: 10.4.9  
Gordon, K. D.: P08, P88  
Gott, M.: P132  
Gotterbarm, T.: P20  
Goyal, A. D.: 19.3.1  
Goyal, D.: 10.2.10, 19.3.1  
Grässel, S.: 16.1.3  
Grøntvedt, T.: 8.3.7  
Gracitelli, G.: 8.2.4, 18.2.3, 18.2.4,  
 P09, P10  
Graham, W. C.: P169  
Granados-Montiel, J.: P99  
Grande, D.: 7.1.3, 11.1.2, P42,  
 P130, P132, P273  
Granero, F.: P140  
Grawe, B.: P15  
Grechenig, S.: 8.3.4, 19.1.3  
Green, D.: 23.3.5  
Grelsamer, R.: 16.1.5  
Griffin, D.: P84  
Grifka, J.: 16.1.3, 16.4.9  
Grigolo, B.: 18.4.10, P131, P137  
Grinwis, G. C.: 10.2.5, 10.2.6  
Grodzinsky, A.: 8.4.2, 8.4.9  
Grogan, S. P.: 1.2.6  
Groll, J.: P53  
Gronthos, S.: 16.3.6, 23.4.9  
Gross, D.: 10.2.9  
Grossner, T.: 10.4.3, 16.3.7  
Grover, L. M.: 16.2.6  
Grygorowicz, M.: P232  
Guess, T. M.: 8.1.2  
Guevara, J.: 16.1.5  
Gugjoo, M.: P203  
Guha Thakurta, S.: 18.2.6  
Guidoux, J.: P264  
Guilak, F.: 22.2  
Guillaume, C.: P152  
Guillen-Vicente, I.: P106  
Guillen-Vicente, M.: P106  
Guillen, P.: P106  
Gullo, F.: P117  
Guo, H.: 21.2.3, P171  
Gursoy, S.: P78  
Guzman-Moràles, J.: P54, P146 

H

Hügle, T.: P124  
Haaparanta, A.: 8.1.6  
Haberhauer, F.: P231  
Hack, C. E.: 10.3.2  
Hadjab, I.: 18.2.2, P87  
Hadley-Miller, N.: 16.3.8  
Hagmann, S.: P20  

Hajdu, S.: P214, P215  
Hakimiyan, A.: 18.2.8  
Halbwirth, F.: P73  
Haleem, A. M.: P32  
Haller, B.: 8.1.9  
Hamberg, H.: P143  
Hambly, K.: 11.3.1, P245  
Han, H.: P97  
Hannon, C. P.: P225  
Hannon, M.: 8.2.8, 16.4.2  
Hannula, M.: 8.1.6  
Harris, M.: P225  
Haskel, J. D.: 23.3.5  
Haudenschild, D.: 8.2.10, 10.3.1  
Haug, M.: P115  
Hauschild, O.: P164  
He, Z.: P38  
Heiss, C.: 16.3.9  
Helwig, P.: P164  
Hendriks, J.: P96, P149, P264  
Heng, B.: 23.2.5  
Henning, T. D.: 8.1.9  
Hennink, W. E.: P39  
Henrotin, Y.: 16.2.3, 17.4.1  
Henson, F.: P56, P239  
Herrmann, S. J.: P164  
Hershman, E.: 18.1.7  
Hewison, C.: P08, P88  
Hidalgo De La Garma, M.: 
 P198  
Higa, K.: 16.2.5  
Higgs, G.: P101  
Hindle, P.: P18, P21, P177, P178  
Hirschmann, A.: P115  
Hirsh, G.: 18.3.9  
Ho, C.: 8.2.9, P211  
Hoemann, C. D.: 8.1.5, P40, P54, P87,  
 P146, P179  
Hoffman, J. K.: P101  
Hoffmann, M.: 8.2.7, 23.3.2, P213  
Hofmann, G. O.: 23.3.2, P123, P163,  
 P213  
Hogen, M.: 10.1.7  
Holguin, N.: P236  
Hollander, A. P.: 7.1.2, 10.4.9, 11.1.4,  
 16.1.2, P180  
Holmes, H.: P197  
Holz, J.: 17.1.1, P63  
Hontani, K.: 16.2.7, 16.3.3, P24  
Hoshi, K.: 15.1.1, P186  
Howard, D.: P56, P239  
Howard, J. S.: 11.3.4, 16.4.10, P112,  
 P160, P173, P249  
Howell, D. M.: P249  
Hsiao, C.: P148  
Hsieh, C.: P120  
Hu, H.: 23.2.5  
Hu, X.: 8.4.8, P37, P38  
Huang, C.: 23.2.2  
Huang, H.: 8.4.8, 16.2.9  
Huang, Y.: P276  
Hubbard, J.: P206  
Hung, C. T.: 5.1.2  
Hung, H. H.: 8.4.2, 8.4.9  
Hunter, D.: 8.2.8, 16.4.2  
Hunziker, E. B.: 6.1  
Huri, G.: P102  
Hurschler, C.: 8.2.7  
Hurtig, M. B.: P87, P146, P170,  
 P238  
Hussey, K.: 23.4.3  
Hussni, C. A.: P204  
Hutmacher, D. W.: P43 

I

Ibarra, C.: P99  
Ibarra, J. C.: P198  
Ikeda, Y.: P181  
Ilg, A.: P63  
Iliopoulos, E.: P142  
Iljas, J. D.: 10.2.7  
Im, H.: P02, P30, P184  



Authors‘ Index243

Imhoff, A. B.: 8.1.9  
Ingham, E.: P19  
Inoguchi, T.: 10.1.4  
Iosifidis, M. I.: 23.4.8, P113, P142  
Isik, C.: P78  
Ito, H.: P04  
Iwasaki, N.: 8.1.8, 16.2.7, 16.3.3,  
 P24 

J

Järvinen, E.: 8.1.6  
Jaccoud, S.: P93  
Jahandar, H.: 8.1.2  
Jahn, W.: P159  
Jakob, M.: 16.1.9, P115  
Jakob, R.: 11.1.1, 15.3.3, P233  
James, L. M.: 16.1.10  
Jang, K.: P01  
Jansen, J. M.: P112  
Jennings, L.: P19  
Jensen, J.: P61, P172  
Jensen, N. B.: P61  
Jeon, J.: P43  
Jeon, Y.: P205  
Jermin, P.: 19.3.3  
Jesson, H.: P192  
Jiang, C.: P120  
Jiang, Y. Z.: 10.4.8  
Joergensen, N. L.: P272  
Jofre, C.: P196  
Johannesson, M.: 16.1.6, P35  
Johansen, O.: 8.3.7  
John, T.: 8.3.10  
Johnson, N. S.: P211  
Johnson, W. E.: P195  
Jomha, J.: 16.2.10  
Jomha, N. M.: 16.2.10, P176  
Jones, D.: P02  
Jones, H.: 10.1.7, P07  
Jones, K. J.: 23.3.6  
Jonkers, I.: 18.4.7, P248  
Jung, G.: P205 

K

Kafienah, W.: 10.4.9, 16.1.2, 16.2.8,  
 P191  
Kaipel, M.: P13  
Kakar, S.: P02, P184  
Kalamegam, G.: P191  
Kaleka, C.: 10.1.5  
Kambour, M.: P167  
Kanazawa, S.: P186  
Kandel, R.: 16.4.1, P170  
Kane, S.: P101  
Kantarci, F.: P111  
Kaplan, L. D.: 23.2.2  
Kapoor, M.: P33  
Kaps, C.: 10.2.2, 18.3.9, P100,  
 P133, P262  
Karaduman, Z. O.: P82  
Karas, V.: 23.4.3  
Karim, M. Z.: 16.1.9  
Karlsen, T.: 10.3.10  
Karnatzikos, G.: P199  
Karperien, M.: P96, P182, P184  
Karpinski, J.: P208  
Kaschowitz, T.: P213  
Kawaguchi, Y.: 16.2.5  
Kaya, D.: P102  
Kaya, M.: 18.4.4, 18.4.6, P157  
Kazmerchak, S.: P206  
Kellner, R.: P13  
Kellomäki, M.: 8.1.6  
Kelly, J.: P261  
Kempshall, P.: 10.1.9  
Kendoff, D.: P174  
Kennedy, J.: 2.1.2, 10.2.8, 15.2.6,  
 18.4.8, 23.4.4, P32,  
 P225, P243  
Kern, B.: 18.4.9  
Kern, D.: P73  

Khair, M.: P147  
Khaled, O. A.: P247  
Khan, N.: P21, P177, P178  
Kili, S.: 8.3.6  
Kim, J.: P205  
Kim, K.: P185  
Kim, S. J.: P62, P207  
Kim, T.: 16.4.7  
Kim, Y.: 16.3.10, P97, P175,  
 P175, P201  
Kimm, M.: 8.1.9  
King, A. H.: 23.3.9, P265  
King, K. B.: 10.3.7  
King, W.: 18.3.5  
Kinne, R. W.: 8.2.7, P100  
Kirsch, T.: 23.4.6  
Kisiday, J. D.: 8.4.9  
Kitamura, N.: 16.2.2, 16.2.5  
Kiviranta, I.: 8.1.6  
Kiyama, R.: 16.2.5  
Klein, T. J.: P126, P275  
Klinger, M.: P83  
Knutsen, G.: 8.3.7, 15.3.2  
Kobayashi, T.: 15.1.3  
Koca, K.: P217  
Koene, M.: P159  
Koff, M. F.: P210  
Koh, J.: 8.3.5, P89  
Koh, Y.: 16.3.10, P175, P201  
Kohli, N.: P195  
Koizumi, K.: P92, P181  
Kolaczek, S.: P08, P88  
Kolmodin, J.: P224  
Kolombe, T.: 8.3.10  
Kon, E.: 1.1.5, 5.2.5, 8.2.3,  
 8.3.3, 15.3.5, 18.2.8,  
 23.4.1, 23.4.2, P65,  
 P67, P68, P71, P74,  
 P76, P107, P131,  
 P135, P137, P141,  
 P230, P254, P255,  
 P257, P258, P259,  
 P260  
Konttinen, Y.: 10.3.4  
Kopsch, V.: 8.2.7, P100  
Korner, A.: 8.2.2, P63, P251  
Koulalis, D.: P174  
Koyama, E.: P234  
Krähnke, M.: P53  
Krüger, J.: 10.2.2, 18.3.9, P133  
Kragten, A. H.: 10.2.7, 10.3.9, P226  
Kranenburg, H.: 10.2.5  
Kraus, V. B.: P36  
Krbec, M.: P221  
Krebs, M. D.: 16.3.8  
Krouwels, A.: 10.2.7, P226  
Kruczynski, J.: P264  
Krutsch, W.: 18.1.2  
Krych, A. J.: 23.3.9, P02, P30,  
 P184, P210, P265  
Krzesniak, A.: P116, P244  
Kubosch, E. J.: P269, P270  
Kugelman, D.: P225  
Kuiper, J.: P114  
Kujat, R.: 19.1.3  
Kuroda, R.: 10.1.4, P237  
Kurokawa, T.: 16.2.2, 16.2.5  
Kuroki, K.: 10.3.6  
Kurosaka, M.: 10.1.4, P237  
Kwiatkowski, M. J.: P208  
Kwoh, K.: 8.2.8, 16.4.2  
Kynast, K. L.: 16.3.7  
Kyriakidis, A.: 23.4.8, P113, P142  
Kyriakidis, T.: 23.4.8, P113 

L

Løken, S.: 8.3.7  
Labat, I.: 1.2.1  
Lacy, K.: 18.1.10  
Lafantaisie-Favreau, C.: 
 P54, P146 
 

Lafeber, F.: 10.3.2, 10.3.8, 16.4.8,  
 18.3.4, 23.2.4, P86,  
 P161, P162, P182  
Lagerstedt, A.: P26  
Lalowski, M.: 10.3.4  
Lambert, J.: P276  
Landa, C.: P99  
Landini, M.: P135  
Lange, M.: 8.2.7  
Langelaan, M. L.: 10.2.5  
Langenmair, E. R.: P269, P270  
Lansdown, D. A.: P210  
Lanting, B.: 16.4.10, P160  
Lapworth, J.: P59  
Lara, J.: P128, P139  
Larsen, B. E.: P189  
Larson, A.: P02, P30  
Las Heras, F.: P196  
Lattermann, C.: P36, P112, P169,  
 P173, P249  
Laute, V.: 8.3.10  
Lavelle, L.: P130  
Lavertu, M.: P40  
Lavoie, J.: 23.2.9  
Law, T.: 10.1.3, 10.1.10, 23.3.8  
Le, D. Q.: P272  
Lecler, R.: 16.2.3  
Lee, B.: 16.4.7  
Lee, C. A.: 18.3.6  
Lee, G.: P205  
Lee, K. H.: P166  
Lee, M.: P97  
Lee, P.: P51  
Lee, S. J.: 8.1.3, P97, P117  
Lee, W.: P170  
Lerner, A. L.: 21.2.3  
Levine, B.: P256  
Levingstone, T. J.: P23  
Levy, A. S.: 18.2.8, P65, P74, P76  
Levy, B. A.: P265  
Lewallen, E.: P02  
Li, X.: P210  
Li, Y.: P33  
Liang, H.: P42, P130, P132  
Liebesny, P. H.: 8.4.2, 8.4.9  
Lim, M. J.: 18.2.9  
Lin, H.: 18.1.4, P183  
Lin, J.: P44  
Lin, Y.: P02  
Lind, M.: 8.4.10, P28, P61,  
 P127, P172, P272  
Linder-Ganz, E.: 18.1.6, 18.1.7, P49,  
 P81  
Lisignoli, G.: P137  
Liu, A.: P19  
Liu, H.: 23.2.5, P98  
Liu, J.: P276  
Liu, Q.: 10.3.3  
Liu, W.: 10.4.8  
Lo Presti, M.: 23.4.2  
Lobenhoffer, P.: 13.2.2  
Logerstedt, D.: 11.3.2  
Lopez-Alcorocho, J.: P106  
Lorenz, J.: 16.1.3  
Lu, X.: 23.3.7, P235  
Ludvigsen, T. C.: 8.3.7  
Lundgren-Akerlund, E.: 16.1.6, P35  
Luyt, L.: 23.4.6  
Lysdahl, H.: 8.4.10, P127, P272 

M

Méthot, S.: 8.4.6  
Müller-Obliers, E.: P213  
Müller, S.: 16.1.9  
Ma, C. B.: 8.3.8, P210  
Ma, J.: P235  
Macdonald, S.: 16.4.10, P160  
Macenski, M.: P158  
Mackie, K.: 23.4.5  
Macleod, J. N.: P276  
Macule, F.: P228  
Madonna, V.: P75, P241  



Authors‘ Index 244

Madry, H.: 2.3.1  
Maglione, D.: P267  
Maher, S.: 10.1.6, 21.2.3, P47,  
 P171  
Mahomed, N.: P33  
Maier, G. S.: 16.3.9  
Mainard, D.: P152  
Majumdar, S.: P210  
Malchevskiy, V. A.: P91  
Malda, J.: 1.2.5, P39, P43, P46,  
 P193  
Man, Z.: P37  
Mancini, I.: P43  
Mandelbaum, B.: 14.2, 21.1.1  
Mangiavini, L.: 10.2.3  
Maniura, K.: 23.4.10  
Manome, Y.: P122  
Mantripragada, V.: P200  
Manunta, A. F.: 8.4.5  
Marcacci, M.: 1.1.5, 8.2.3, 8.3.3,  
 15.3.5, 23.4.2, P67,  
 P68, P71, P107, P131,  
 P135, P137, P141,  
 P230, P254, P255,  
 P257, P258, P259,  
 P260  
Marchand, C.: 16.2.6  
Marder, R.: 18.3.6  
Mardones, R.: 16.3.5, P196  
Margulis, A.: 18.2.8  
Mariani, E.: 23.4.7, P131, P135,  
 P137, P141  
Markarian, G. G.: P167  
Markussen, B.: P159  
Marlovits, S.: 8.2.3, P215  
Marsano, A.: P115  
Martínez, H. G.: P128, P139  
Martinčič, D.: P80, P220  
Martin, I.: 16.1.9, P115, P156  
Martin, J. A.: 16.2.4, 23.2.7, P01  
Martin, R.: P93  
Martinez-Carranza, N.: P26  
Martinez, V.: P99  
Mascaro, G.: P262  
Masri, M.: P198  
Mastbergen, S. C.: 10.3.2, 10.3.8,   
 16.4.8, 18.3.4,   
 23.2.4, P86, P161,  
 P162, P182  
Mastocola, M.: P85  
Masuda, K.: 7.1.3  
Matheny, L. M.: 10.1.2, P165  
Mather, P. T.: P52  
Mathieu, C.: 8.1.5  
Matlovich, N.: 16.4.10, P160  
Matsumoto, T.: 10.1.4, P237  
Matsuoka, M.: 8.1.8, 16.2.7, 16.3.3,  
 P24  
Matsushita, T.: 10.1.4, P237  
Matsuzaki, T.: P237  
Matta, A.: 16.1.9  
Mattacola, C. G.: P173, P249  
Mattos, L. L.: P204  
Maye, P.: P234  
Mcallister, D.: 8.1.3, 23.3.6  
Mccarthy, H.: 16.1.7, P34, P94,  
 P192  
Mccarthy, M.: P171  
Mccauley, J. C.: 8.2.4, P09  
Mccormack, R.: 8.1.5, 8.4.6  
Mccormick, F.: 10.1.3, 10.1.10,   
 23.3.8  
Mccorry, M.: 18.1.3  
Mcculloch, P. C.: 10.1.7, P07  
Mccullough, K.: P169  
Mcgann, M. E.: P153  
Mcgee-Lawrence, M.: P30  
Mcilwraith, C.: 10.4.2, 16.1.7, 19.2.2  
Mcnary, S.: 18.3.6  
Mcnicholas, M. J.: 19.3.3, 23.3.4  
Mcnulty, M.: 10.3.7  
Medina, M.: P228  
Mehrkens, A.: 16.1.9  
Mei-Dan, O.: 7.2.5  

Meier, R.: 8.1.9  
Meij, B. P.: 10.2.5, 10.2.6, 23.2.4  
Meinert, C.: P126, P275  
Meixner, M.: P95  
Melchels, F. P.: P43, P46, P193  
Meliconi, R.: 23.4.7  
Meller, A.: 8.1.6  
Melvik, J.: P189  
Menard, C.: P121  
Mendoza, O. F.: P128, P139  
Menghi, A.: P79  
Mennan, C.: P187, P192  
Meppelink, A. M.: 18.1.5, P84  
Merceron, C.: 10.2.3  
Meric, G.: 8.2.4, 18.2.3, 18.2.4,  
 P09, P10  
Merkač, J.: P220  
Merli, G.: P131, P137  
Merli, M.: 23.4.2, P230  
Merloz, P.: P119  
Messner, A.: P103  
Methner, V.: P95  
Metzlaff, S.: 18.3.9, P133  
Meyer, R.: 23.3.5  
Michalopoulos, E.: 23.4.8, P113  
Mickiewicz, P.: P05  
Midura, R.: P200  
Mika, J.: 8.2.7, 16.3.9, P100  
Mikula, M.: 23.2.3  
Milewski, R.: P208  
Min, H.: P97  
Minas, T.: 15.3.1, 16.1.8, 24.2.4,  
 P263  
Miot, S.: P115  
Miranda, A.: 23.2.4  
Mirzayan, R. J.: 18.2.9  
Mishra, A.: 15.3.6  
Misumi, K.: P110  
Mithoefer, K.: 24.2.1  
Mittelstaedt, H.: P83  
Miyatake, K.: 18.3.6  
Miyazaki, T.: P195  
Mizuno, S.: 16.1.8, P122, P125  
Mohajerani, P.: 8.1.9  
Mohtadi, N.: 8.4.6  
Mollenhauer, J.: 8.3.5  
Momma, D.: 8.1.8, 16.2.7, 16.3.3,  
 P24  
Monibi, F. A.: 10.3.6  
Mont, M. A.: P166  
Mooberry, M. A.: 16.4.3, P03  
Moreau-Gaudry, A.: P119  
Moreau, A.: 23.2.9  
Moriguchi, Y.: P181  
Morioka, M.: 15.1.3  
Mouser, V. H.: P39, P46  
Moutos, F.: 22.2  
Mroszczyk, K.: 8.4.2, 8.4.9  
Mugve, N.: 18.2.5  
Muhonen, V.: 8.1.6  
Muiños, E.: P140  
Mujeeb, A.: P44  
Mulet-Sierra, A.: 16.2.10, P176  
Mullen, J. R.: P42  
Mumme, M.: P115  
Murata, D.: P110  
Murawski, C. D.: 18.4.1, P32, P225  
Murphy, D.: 8.4.7  
Murphy, M. M.: 18.2.7  
Muschler, G.: P200  
Myers, K.: P42  
Myoui, A.: P92 

N

Naczk, J.: P232, P233  
Nader, H. B.: 10.4.4  
Nagai, K.: 10.1.4, P237  
Nakamura, N.: 6.4, 16.1.1, 18.1.4,  
 P92, P181  
Nakayama, K.: P110  
Narcisi, R.: 18.3.3, 18.3.7, P194  
Narvaez, E.: P196  

Natsakis, T.: 18.4.7  
Naughton, G.: 7.1.3  
Nehrer, S.: 23.2.3, P73  
Nelea, M.: P40, P238  
Neri, M.: P260  
Neri, S.: 23.4.7  
Nerlich, M.: 18.1.2, 19.1.3  
Netto, A. S.: 10.1.5  
Neuhold, A.: P214  
Nguyen, C.: 10.1.3, 10.1.10,   
 23.3.8  
Nguyen, J. T.: 23.3.5, P15  
Niculescu-Morzsa, E.: 23.2.3, P73  
Niemeyer, P.: 8.3.9, 8.3.10, 13.1.1  
Niemietz, T.: P20  
Nishida, K.: 10.1.4  
Nixon, A. J.: 15.1.2, 23.2.1  
Nizak, R.: 8.2.5, P209  
Noble, P.: 10.1.7, P07  
Nocco, E.: 18.1.7, P81  
Nochi, H.: P04  
Noh, M.: P166  
Nonoyama, T.: 16.2.5  
Noort Van Der Laan, W. H.: 
 10.3.8  
Novak, J.: P221  
Novakofski, K. D.: 10.3.5, 16.4.4, P155  
Nowak, D. D.: 18.4.2  
Ntziachristos, V.: 8.1.9  
Nurmi-Sandh, H.: P26  
Nwachukwu, B.: 10.1.3, 10.1.10,   
 23.3.8 

O

Öner, F. C.: 10.2.7, P226  
O’Loughlin, P.: P174  
O’Brien, F. J.: P23  
O’Connor, M.: P206  
O’Neill, C. A.: P07  
O’Donnell, T.: 19.3.2  
Oda, N.: 15.1.3  
Ogilvie-Harris, D.: P185  
Ogon, M.: 10.2.4  
Ogura, T.: 16.1.8, P125  
Ogut, T.: P111  
Ohel, K.: 8.2.2  
Oka, S.: P237  
Olderøy, M. &.: P189  
Olesen, M. L.: 8.4.10, P28  
Oliveira, J. M.: P29  
Olivos Meza, A.: P99  
Onodera, J.: 16.2.5  
Onodera, T.: 8.1.8, 16.2.7, 16.3.3,  
 P24  
Oprenyeszk, F.: 16.2.3  
Orak, M. M.: P82  
Ortega-Sanchez, C.: P99  
Osaheni, A.: P52  
Otasevic, T.: P221  
Otto, I. A.: P193  
Ouyang, H. W.: 8.1.7, 16.1.4, 23.2.5,  
 P48, P50, P98  
Ovali, E.: P111  
Owaidah, A.: 16.1.2  
Ownby, S. L.: P134  
Ozkan, H.: P216, P217  
Ozkul, E.: P271  
Ozturan, K. E.: P82 

P

Péault, B.: P18, P21, P177, P178  
Paatela, T.: 8.1.6  
Pachowsky, M.: 8.2.6  
Pacifici, M.: P234  
Pacione, C. A.: 8.1.10, 16.4.6  
Padilla, S.: P140  
Pagliazzi, G.: P108  
Pailhé, R.: P119  
Paiva, B.: P140  
Palmisano, A.: P25  
Pandit, S.: P130  



Authors‘ Index245

Pang, S.: 10.4.9  
Papasavas, A.: 23.4.8, P113  
Papen-Botterhuis, N. E.: 
 10.2.5  
Papurov, T.: P150  
Pardiwala, D.: P109  
Parekh, J.: P07  
Parikh, Z.: P42, P130  
Park, H.: P97  
Park, J.: P205  
Park, M.: 23.3.7, P235, P261  
Park, Y.: 16.4.7  
Parkinson, B.: 10.1.9  
Parratte, S.: 22.1  
Pascall Garrido, C.: 1.2.2  
Pascarella, A.: P252  
Pascarella, F.: P252  
Pascarelli, N. A.: P154  
Pascual Garrido, C.: 7.2.5  
Pasoldt, A.: 16.1.3  
Pasqualotto, S.: P69, P70, P79, P105  
Patella, S.: P71  
Patrascu, J. M.: P74  
Pavlovsky, Z.: P221  
Pawde, A. M.: P203  
Payne, K. A.: 16.3.8, P190  
Pearle, A. D.: P174  
Pearsall, Iv, A. W.: P136  
Pedoia, V.: P210  
Peeters, L. H.: P86  
Pei, M.: 10.4.5  
Pelet, S.: 8.4.6  
Pelttari, K.: P156  
Peng, X.: 10.4.7  
Pengas, Y.: 10.1.9  
Perdisa, F.: 1.1.5, 8.2.3, 8.3.3,  
 P67, P71, P230,  
 P255, P257, P258,  
 P259, P260  
Peretti, G. M.: P25  
Perez, R.: P145  
Petersen, W.: 18.3.9, P133  
Peterson, L.: 15.3.4  
Petrigliano, F. A.: 8.1.3, 23.3.6  
Petrov, S. A.: P91  
Pettersen, E. O.: P189  
Pfeifer, C.: 18.1.8, 19.1.3  
Pfeiffer, F.: 10.3.6, 16.4.3, P03  
Pfister, B.: P72  
Philippon, M.: 8.2.9, 18.4.2, P211,  
 P267  
Phillips, J.: 10.4.2  
Piasecki, D.: P169  
Picard, G.: P40, P146  
Piccinato, C. A.: 10.4.4  
Pietsch, S.: P100  
Pilliar, R. M.: P170  
Pineda, C.: P99  
Pinney, E.: 7.1.3  
Pioletti, D.: P93  
Piontek, T.: P232, P233  
Piovan, G.: P75, P241  
Pippenger, B.: P156  
Plaas, A.: 8.1.10  
Plettenberg, H.: 23.3.2, P213  
Plomp, S. G.: 10.2.6, 10.2.7, P226  
Plummer, D.: P256  
Polak, R.: P149  
Poland, S. G.: P155  
Polk, A. J.: 16.4.3  
Popescu, D.: P228  
Popko, J.: P208, P208  
Porichis, S.: 8.3.9  
Potter, H.: 2.2.1, P210  
Pozo, L.: P06  
Pozzi, A.: P25  
Preitschopf, A.: 23.2.3  
Presle, N.: P152  
Price, A.: 8.3.6  
Price, E.: P180  
Proffitt, M.: P36  
Prosper, F.: P140  
Protzman, N.: P101  
Provencher, M.: 10.2.9  

Prusińska, A.: P232  
Pulido, P. A.: 8.2.4, 18.2.4, P09,  
 P10, P11, P12  
Pulsatelli, L.: 23.4.7, P131  
Pustjens, M. F.: 10.3.2, 10.3.8  
Pyhältö, T.: 8.1.6  
Pylawka, T.: P85 

Q

Qu, W.: P02  
Quenneville, E.: 18.2.2, 23.2.8,   
 23.2.9, P83, P87  
Quinlan, C. M.: 10.3.5  
Quirk, J. D.: P236 

R

Rölfing, J.: P28  
Radosavljevic, D.: P80, P220  
Rahatekar, S. S.: 16.2.8  
Rai, M.: P236, P274  
Rajan, D.: P109  
Ramesh, A.: P23  
Ramponi, L.: 18.4.10, P104, P108  
Randolph, M.: 18.1.5, P84, P193  
Rappoport, L.: 16.4.6, 18.2.8  
Rasmussen, J.: P159  
Rasmussen, N.: P63  
Razu, S. S.: 8.1.2  
Reddi, H.: 6.2, 18.3.6  
Reed, K.: P136  
Reefat, S. A.: P247  
Reilingh, M.: P268  
Reis, R. L.: P29  
Ren, Y.: P89  
Repko, M.: P221  
Restrepo, A.: 8.4.6  
Reuter, C. A.: P215  
Reuter, T.: 8.2.7  
Riboh, J. C.: 8.1.4, 8.3.2, 10.1.8,  
 18.3.8, 23.3.3,   
 23.3.10, P14  
Ricci, M.: 14.3  
Richardson, J.: P34, P94, P114, P187,  
 P192  
Richter, W.: 10.4.3, 16.3.1, 16.3.7,  
 P20  
Riederer, M. S.: 16.3.8  
Riester, S.: P02, P30, P184  
Riff, A. J.: 18.2.10, P17, P219  
Rimmer, S.: P59  
Ringgaard, S.: P28  
Risbud, M. V.: 10.2.3  
Roberts, S.: P34, P94, P187, P192  
Robinson, D.: 18.2.8, P65, P74, P76  
Robling, A.: 10.2.3  
Rodeo, S.: 7.3.1, 10.1.6, 16.4.4,  
 21.2.3, P15, P210  
Rodrigo, J. J.: 8.4.4  
Rodrigues, C. A.: P204  
Rodriguez-Iñigo, E.: P106  
Roessler, P. P.: P72, P231  
Roffi, A.: P131, P137  
Rojas, A.: P196  
Rojas, C.: P229  
Roller, B.: 18.3.2, 18.3.10  
Romeo, A. A.: 10.2.9, 18.2.10  
Roosendaal, G.: 18.3.4  
Rosas, S.: 10.1.3, 10.1.10, 23.3.8  
Rosenthal, A. K.: 8.1.3  
Ross, A. W.: 10.2.8, 22.2  
Ross, K. A.: 2.1.2, 10.2.8, 18.4.8,  
 P32, P243  
Rothrauff, B. B.: 18.1.9  
Rouchal, M.: P221  
Rowe, D.: P234  
Ruatti, S.: P119  
Rudert, N.: P83  
Rudjito, R.: 10.4.10  
Ruetze, M.: 16.3.7  
Ruffilli, A.: P104  
Russo, A.: P241  

Ryd, L.: 19.3.4, P26  
Ryu, J.: P175 

S

Sadr, K.: P12  
Saffar, B.: P33  
Sah, R. L.: 18.2.1, 18.2.7, P200  
Said, S. L.: P128, P139  
Saikumar, G.: P203  
Sakamoto, T.: P195  
Sakata, R.: 18.3.6  
Sakaue, M.: P92, P181  
Salineros, M.: 16.3.5  
Salo, J.: 13.1.2  
Salonius, E.: 8.1.6  
Saltzman, B. M.: 8.1.4, 18.3.8, P14  
Saluan, P.: P224  
Salzmann, G. M.: 8.3.9, 24.1.3, P269,  
 P270  
Sanchez, M.: P140  
Sanchez, P.: P140  
Sandell, L.: 19.2.4, P236, P274  
Sandoval, C.: P229  
Sanghavi, S.: P109  
Santner, T.: 21.2.3  
Santos, T. C.: P29  
Saragaglia, D.: P119  
Saris, D.: 1.1.1, 8.2.5, 8.3.6,  
 10.3.9, 16.3.2, 16.3.4,  
 16.4.8, P43, P96,  
 P161, P162, P193,  
 P209  
Sasazawa, F.: 8.1.8, 16.2.7, P24  
Sauque, M.: 16.3.8, P190  
Savage-Elliott, I.: 18.4.8  
Savic, D.: P210  
Scalise, N.: 1.1.3, 23.3.10, P219  
Schäfer, N.: 16.1.3  
Schüttler, S.: P143  
Schaefer, D. J.: P115  
Schaeren, S.: 16.1.9  
Schagemann, J.: P83  
Schamborn, T.: P115  
Schaumburger, J.: 16.1.3, 16.4.9  
Schildboeck, S.: 10.2.4  
Schill, V.: P53  
Schilling, A. F.: P57  
Schipani, E.: 10.2.3  
Schmal, H.: 8.3.9, P269, P270  
Schmitt, L. C.: P266  
Schneider, S. K.: 16.3.7  
Schougaard, H.: P159  
Schrobback, K.: P126, P275  
Schubert, H.: 8.2.7, P100  
Schuchman, E. H.: 16.1.5  
Schutgens, R. E.: 18.3.4  
Schwartz, J.: P130  
Scopp, J. M.: 19.1.2  
Screpis, D.: P75, P81, P241  
Seemann, R.: P214  
Segur, J.: P228  
Semba, S.: 16.2.5  
Sennett, B.: P261  
Seol, D.: 16.2.4  
Sessa, A.: P67, P68, P257, P260  
Sgaglione, N.: 5.2.2  
Shabshin, N.: 18.1.6, 18.1.7, P81  
Shah, N.: P109  
Shah, S.: P130  
Shakesheff, K.: 11.2.1  
Shani, J.: P65, P76  
Shao, Z.: 8.4.3, 8.4.8  
Shapiro, I. M.: 10.2.3  
Shapiro, S.: P206  
Sharma, G. T.: P203  
Shaw, N.: 16.3.8, P190  
Shefy-Peleg, A.: 18.1.7, P49  
Shemesh, M.: 18.1.6, P49  
Shepherd, J.: P239  
Sherman, B.: 21.1.1  
Sherman, S. L.: 8.1.2, 10.3.6, 16.4.3,  
 P03  



Authors‘ Index 246

Shetty, A.: P62, P207, P246  
Shetty, V. A.: P62, P207, P246  
Shimmon, S.: 16.3.6, 23.4.9  
Shimomura, K.: 18.1.4, 18.1.9  
Shimomura, S.: P181  
Shin, J.: 18.2.10  
Shin, Y.: 23.3.5  
Shive, M.: 8.4.6  
Shkhyan, R.: P117  
Shreshtha, K.: P08  
Shubin-Stein, B.: P15  
Siclari, A.: P262  
Siebold, R.: 8.3.10  
Silva, J. A.: 10.1.5  
Silva, M. J.: P236  
Silverberg, J.: P197  
Silvers, H.: 11.3.3  
Silvestri, L.: 10.3.7  
Sim, S.: 18.2.2, 23.2.8,   
 23.2.9, P83, P87  
Simental, M.: P128, P139  
Simon, R.: P63  
Simonaro, C. M.: 16.1.5  
Simpson, A. H.: P18, P21  
Singh, A.: 23.2.10  
Slaper-Cortenbach, I. C.: 
 16.3.2, 16.3.4  
Slider, L. P.: P134  
Slomczykowski, M.: P233  
Slynarski, K.: P116, P244, P264  
Smink, J. J.: P95  
Smith, B. D.: P273  
Smith, J.: P02, P184  
Smith, M.: 7.3.4, 23.3.10  
Smith, P. A.: P03  
Smith, R.: 8.4.7  
Smyth, N. A.: P32  
Snow, M.: 16.2.6, P114, P195,  
 P264  
Snyder-Mackler, L.: 23.3.7  
Solak, K.: P82  
Solheim, E.: 8.3.7  
Soliymani, R.: 10.3.4  
Somers, J. F.: P77  
Sommer, U.: 16.3.9  
Somoza, R. A.: 1.2.1  
Soons, H.: 18.3.5  
Sosio, C.: P25  
Sousa, R. A.: P29  
Spahn, G.: 23.3.2, P123, P163,  
 P213  
Spalding, T.: 7.3.3, 10.1.9, 23.1.1,  
 23.3.4  
Spector, J. A.: P202  
Speziali, A.: P79  
Spindler, K. P.: P36, P36  
Sporer, S.: P256  
Sprlakova, A.: P221  
Sprowson, A. P.: 23.3.4  
Spruijt, S.: 16.4.8  
Staebler, A.: 23.1.2  
Stanford, W. L.: P170  
Stanish, W. D.: 8.4.6  
Stannard, J. L.: P03  
Starnes, C. P.: P112, P173  
Stavropoulos, N. A.: P174  
Stavropoulou, K.: 23.4.8, P113  
Steadman, J.: 10.1.2, P165  
Steen-Louws, C.: 10.3.2  
Steinert, A. F.: P53  
Stelzeneder, D.: P215  
Sternberg, H.: 1.2.1  
Stichler, S.: P53  
Sticozzi, C.: P154  
Stojanovic, I.: P213  
Stoker, A.: 10.3.6  
Stone, J. J.: 15.2.1  
Stone, K. R.: 18.1.1  
Stražar, K.: P80  
Strand, T.: 8.3.7  
Straub, R. H.: 16.1.3  
Strauss, E.: 23.4.6  
Strickland, S.: P15  
Stromberg, A.: P276  

Struik, T.: P86  
Stuart, M.: P02, P265  
Studer, D.: 23.4.10  
Studler, U.: P115  
Su, F.: P210  
Subramanian, A.: 18.2.6  
Südkamp, N. P.: 8.3.9, P164  
Sugita, N.: P92, P181  
Summers, M.: P190  
Sun, H.: P98  
Suri, M.: 8.4.4  
Surowiec, R. K.: P211  
Surtel, D. A.: P151  
Suzuki, T.: 18.4.4, 18.4.6, P157  
Syed, K.: P33  
Szeimies, U.: 23.1.2  
Szomolanyi, P.: 8.2.2, P103 

T

Tønnesen, H. H.: P189  
Tønnessen, T.: P189  
Töyräs, J.: 8.1.6  
Tabata, Y.: P237  
Tabet, S. K.: 16.1.10, P90, P145  
Takada, E.: P125  
Takato, T.: P186  
Takayama, K.: 10.1.4, P237  
Talts, J. F.: 16.1.6, P35  
Tamez-Pena, J.: 8.2.8, 16.4.2  
Tan, J.: P188  
Tanska, P.: 8.1.6  
Tao, J.: P50  
Tao, K.: P183  
Taylor, D.: 8.3.8  
Teeter, M.: 16.4.10, P160  
Tellegen, A.: 10.2.5  
Tenborg, E.: 8.2.10  
Tentoni, F.: P107, P254, P257,  
 P258, P260  
Tesar, P.: 1.2.1  
Tessmar, J.: P53  
Thampi, P.: P276  
Thoma, L.: P266  
Thompson, P.: 10.1.9  
Tichy, B.: P215  
Tilton, A. K.: 1.1.3, 7.3.4, 8.3.2,  
 10.1.8, 23.3.10,  
 23.4.3, P17, P147,  
 P219  
Tjoumakaris, F.: P261  
Tnibar, A.: P159  
Toelg, C.: 23.4.6  
Toler, K.: 18.3.5, P158  
Toma, M. K.: 10.1.5  
Tomic, A.: 16.3.5  
Toonen, L.: P209  
Toonstra, J. L.: P249  
Torzilli, P. A.: P47  
Totlis, T.: P113  
Totterman, S.: 8.2.8, 16.4.2  
Tovar, L.: 16.3.5  
Trattnig, S.: 2.2.3, 8.2.2, 8.2.3,  
 8.2.6, 17.1.2, P103,  
 P215  
Tremolada, C.: P116  
Trevino, R. L.: 8.1.10  
Trifinopoulos, J.: 10.2.4  
Trindade, C. A.: P267  
Trinkaus, K.: 16.3.9  
Trippel, S. B.: P153  
Tryfonidou, M.: 10.2.5, 10.2.6, 23.2.4  
Tsai-Wu, J.: P120  
Tsioulas, P.: P142  
Tsitouridis, I.: 23.4.8, P113  
Tsuchiya, A.: 16.1.8, P122, P125  
Tsumaki, N.: 15.1.3  
Tuan, R.: 18.1.4, 18.1.9, 24.3.3,  
 P188  
Tunay, S.: P216, P217  
Turhan, E.: P102  
Turley, E.: 23.4.6 

U

Uboldi, F. M.: P69, P70, P79, P105  
Uchida, K.: P195  
Um, H.: P234  
Unlu, M. C.: P111  
Uppstrom, T. J.: 23.3.5  
Uribe, J.: P167  
Usellini, E.: P69, P70  
Uvebrant, K.: 16.1.6, P35 

V

Vílchez, J. F.: P128, P139  
Valacchi, G.: P154  
Valderrabano, V.: P124, P242  
Valenzuela, A.: P229  
Valis, P.: P221  
Van Assche, D.: P248  
Van Bergen, C.: P268  
Van Beuningen, H. M.: 18.3.3, 18.3.7  
Van Bussel, E.: P43  
Van Caam, A. P.: P194  
Van Den Bogaerde, J. M.: 
 18.3.6  
Van Den Doel, M.: P149  
Van Der Kraan, P.: 18.3.3, 18.3.7, P151,  
 P194  
Van Der Lest, C. C.: 23.2.6  
Van Der Weegen, W.: 18.3.5, P158  
Van Der Woude, J. A.: 16.4.8, P161, P162  
Van Dijk, N.: P268  
Van Drumpt, R.: 18.3.5, P158  
Van Eekeren, I.: P268  
Van Handel, B.: 8.1.3  
Van Heerwaarden, R.: 10.3.8, 16.4.8, P161,  
 P162  
Van Osch, G.: 10.4.10, 18.3.3,  
 18.3.7, 23.2.6, P22,  
 P194  
Van Rhijn, L. W.: P151  
Van Rijen, M.: 16.3.2, 16.3.4  
Van Roermund, P. M.: 2.3.2, 16.4.8, 23.2.4,  
 P161, P162  
Van Roon, J. A.: 10.3.2  
Van Rossom, S.: P248  
Van Vulpen, L. F.: 18.3.4  
Van Weeren, P.: P43  
Van Wijnen, A.: P02, P30, P184  
Vandekerckhove, P.: 16.4.10, P66, P160,  
 P253  
Vander Sloten, J.: 18.4.7  
Vangsness, Jr., C.: 7.3.2, 24.3.2, P101  
Vannini, F.: 15.2.2, 18.4.10, P104,  
 P108  
Vanwanseele, B.: P248  
Vargiolu, R.: P121  
Vasara, A. I.: 8.1.6  
Vasta, S.: P01  
Vega, M.: P229  
Vehik, K.: 8.4.6  
Veilleux, D.: P40, P146  
Velasquillo, C.: P99, P198  
Verdonk, P.: 10.1.1, P64, P66,  
 P253, P264  
Verdonk, R.: P64, P66, P253  
Verhaar, J. A.: 10.4.10, 23.2.6, P22  
Verma, N. N.: 10.2.9, 23.4.3, P147  
Vermonden, T.: P39  
Vettier, B.: P119  
Victor, J.: P64, P66, P251, P253  
Vilela, C. A.: P29  
Viljoen, H.: 18.2.6  
Visser, J.: P43, P46, P96, P193  
Viswanathan, S.: P185  
Von Keudell, A.: P263  
Vonk, L. A.: 10.3.9, 16.3.2,   
 16.3.4, P96  
Voss, C.: P100 

W

Wada, S.: 16.2.5  



Authors‘ Index247

Wagner, D. R.: P153  
Walsh, D. A.: 24.1.1  
Walther, M.: 23.1.2  
Wang, A.: 8.4.7, 23.4.5, P218  
Wang, H.: 10.1.6, 21.2.3  
Wang, J. C.: 23.3.6  
Wang, S.: P97  
Wang, Z.: 8.2.8, 16.4.2  
Wardale, J.: P56, P239  
Waris, E.: 10.3.4  
Warren, R. F.: 10.1.6, 21.2.3, P47,  
 P171  
Watanabe, M. J.: P204  
Wei, W.: 10.4.10, 23.2.6, P22  
Weiss, W.: P264  
Welch, I.: P31  
Welsch, G. H.: 2.2.4, 8.2.1, 8.2.6  
Welting, T. J.: P151  
Werner, L.: P124, P242  
West, M. D.: 1.2.1  
Westendorf, J.: P02, P30, P184  
Weston, A.: P33  
Whale, C. E.: P112, P173  
Widhalm, H.: P214  
Widhalm, K.: P214  
Widuchowski, W.: P264  
Wiegant, K.: 16.4.8, P161, P162  
Wiewiorski, M.: P124, P242  
Willard, V.: 22.2  
Willems, N.: 10.2.5, 10.2.6  
Willers, C.: P218  
Williams, R.: 8.3.8, 10.3.5, 16.2.6,  
 16.4.4, 23.3.9, P15  
Wilson, B.: P197  
Wilson, C.: P149  
Wilson, G. L.: P136  
Wilson, K. J.: P211  
Wilson, T. L.: 10.2.3  
Wimmer, M. A.: 8.1.10, 16.4.6  
Winalski, C. S.: 2.2.2  
Windhager, R.: P13  
Wixmerten, A.: P115  
Woiciechowsky, C.: 10.2.2  
Wolf, F.: P115  
Wong, V.: P200  
Woodell-May, J.: 18.3.5  
Wróbel, Z.: P05  
Wright, K.: P34, P187  
Wu, H.: P261  
Wu, J.: 16.3.6, 23.4.9  
Wu, L.: 8.1.3  
Wu, Y.: 8.1.7, 23.2.5, P98,  
 P120  
Wyatt, C.: P210 

X

Xiong, S.: P98  
Xu, F.: P30 

Y

Yalcin, E.: P216, P217  
Yamada, A. L.: P204  
Yamashita, A.: 15.1.3  
Yamashita, T.: 18.4.6, P157  
Yamshita, T.: 18.4.4  
Yang, H.: 10.2.5  
Yang, J.: P129  
Yanke, A. B.: 8.1.4, 18.2.10, 18.3.8,  
 23.3.3, 23.3.10, P14,  
 P17, P147, P219  
Yasuda, K.: 16.2.2, 16.2.5  
Yasui, Y.: P92, P181  
Yates, J.: 19.3.3  
Yi, S.: P89  
Yik, J.: 8.2.10  
Yodmuang, S.: P171  
Yokota, M.: 16.2.2, 16.2.5  
Yonezawa, T.: P57  
Yoshikawa, H.: P92, P181  
Yu, D.: 8.1.7, P50  
Yu, Q.: 8.3.6  

Yu, S.: 18.1.10, P188  
Yu, X.: P51  
Yu, Y.: 16.2.4  
Yucel, I.: P82, P271 

Z

Zaffagnini, S.: P68  
Zahouani, H.: P121  
Zak, L.: P103, P215  
Zampogna, B.: P01  
Zannettino, A.: 16.3.6, 23.4.9  
Zaslav, K. R.: 5.2.3, 9.2.2, 18.2.8,  
 24.1.2, P65, P74, P76  
Zass, G.: P20  
Zedde, P.: 8.4.5, P70, P105  
Zellner, J.: 8.3.4, 18.1.2, 18.1.8,  
 19.1.3  
Zenobi-Wong, M.: 1.2.7, 23.4.10  
Zevenbergen, L.: P248  
Zhang, J. Y.: 23.3.6, P44  
Zhang, K.: 10.4.6  
Zhang, L.: P89  
Zhang, S.: 10.4.8, 16.1.4, P48,  
 P237  
Zhang, W.: 10.4.8, P48  
Zhang, X.: 10.3.3, 16.1.4, 16.2.9,  
 P38  
Zhao, X.: P193  
Zheng, H.: 16.2.4, 23.2.7  
Zheng, M.: 8.4.7, 23.4.5, P218  
Zhou, C.: 23.2.7  
Zhou, Y.: 23.2.5, P235  
Zhu, J.: 16.2.9  
Zhu, S.: 23.2.5, P50, P98  
Zidrou, C.: P142  
Zimber, M.: 7.1.3  
Zimmerman, B.: 23.3.7  
Zinser, W.: 8.3.10, P118  
Zipfel, W.: P197  
Ziya, S.: P192  
Zlotnick, H.: 8.4.2, 8.4.9  
Zorzi, C.: 18.1.7, P75, P81,  
 P241, P255  
Zubair, A.: P206  
Zutshi, A.: 22.2  
Zuurmond, A.: P22  
Zwickl, H.: 23.2.3, P73  
Zylberberg, E.: 18.1.6, P49


	01 2015 ICRS_BoA_invited
	02 2015 ICRS BOA_free papers
	03 2015 ICRS_BOA_AI_



