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ASPECT OF CURRENT MANAGEMENT

Techniques for cartilage repair in chondral and osteochondral defects
of the knee
Joel Thomas Kirk MElTOn, Andrew James COSSEY

From Queen Alexandra Hospital, Portsmouth, UK

Many techniques are currently used in an attempt to
regenerate cartilage surfaces in the presence of a
chondral or osteochondral defect. Clinical results
have been mixed and no single treatment has
emerged as being superior. This article reviews the
techniques previously and currently being used and
evidence to support their use.
Keywords : chondral defects ; osteochondral defects ;
chondral repair.

INTRODUCTION
The surgical management of chondral and osteochondral defects (OCD’s) of the articular surface of
the knee joint remains a controversial topic (27).
William Hunter noted, in 1743, that articular cartilage has limited capability for repair once damaged (31). Articular cartilage may be lost due to
trauma, osteochondritis dissecans or ostearthritis,
metabolic, haemorrhagic or rheumatological arthritides. Usually trauma or osteochondritis dissecans
will result in a focal lesion but most other types of
joint pathology will result in a more global pattern
of cartilage damage at the joint surface. A discrete
osteochondral lesion will sometimes result in a
fragment of cartilage and underlying bone being
partially or completely separated from the surrounding joint surface. The lesion can sometimes be
repaired by retaining the fragment and fixing it in
situ but if the osteochondral fragment is completely
Acta Orthopædica Belgica, Vol. 77 - 2 - 2011

detached or if it has degenerated to the extent where
it can no longer function as joint surface, modalities
of treatment to repair the defect with other tissue
need to be considered.
The limited spontaneous capacity for repair of
these defects once the fragment has become
detached has driven surgeons to employ many different techniques in an attempt to establish a layer
of soft tissue to take on the function of articular cartilage (20). The goal of these treatment modalities
has been to re-create a tissue layer that is effective
in load transmission, long term wear, joint lubrication and nutrition.
large loads are placed on articular cartilage and
at times these loads will reach up to 10 times body
weight (33). The joint reaction force results from the
combination of the force of bodyweight and also
the force caused by ligament tension and muscular
contractions around the knee. Any tissues that are
formed in lieu of damaged articular cartilage in an
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osteochondral defect, will need to have sufficient
inherent strength to withstand these loads. not only
does the tissue have to have the inherent strength to
resist these loads but it also needs to be sufficiently
well bonded to the surrounding bone and cartilage
that it does not cleave from those tissues when
loaded.
The wear characteristics of healthy articular cartilage are exceptional (23). Attempts to regenerate
tissue in an OCD should therefore be aiming to create tissue with similar wear characteristics. This is
the challenge facing surgeons in joint arthroplasty
and also in cartilage repair surgery for OCD.
Healthy articular cartilage has a complex role in
the lubrication of a synovial joint such as the knee.
Boundary, fluid film and mixed forms of lubrication
take place at different phases of the gait cycle. At
heel strike, predominantly boundary lubrication
will exist but there is also squeeze film lubrication (50). Boundary lubrication involves direct
contact between joint surfaces coated in the glycoprotein, lubricin (50) and with surface active
phospholipids (29) and hyaluronic acid (28). Elastohydrodynamic (and micro-elastohydrodynamic)
lubrication predominate during stance phase
progressing to boundary, elastohydrodynamic and
weeping lubrication at ‘toe-off’. Hydrodynamic
fluid film predominates during swing phase and
then during prolonged stance, boundary and boosted lubrication are the main types of joint lubrication (50). Any replacement tissue achieved in an
OCD should be able to recreate these conditions as
closely as possible and be capable of involvement
with these types of joint lubrication.
Healthy cartilage receives nutrition from diffusion of nutrients in synovial fluid as it is essentially
an avascular tissue. Its porous structure also allows
diffusion of waste products of metabolism to be
removed from the cartilage matrix. The regenerated
tissue should be able to perform a similar role to
support the replacement cartilage tissue and the
existing osteochondral tissue around the graft.
Techniques for chondral repair
The techniques that have previously been
employed in attempts to achieve tissue that meets
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the above requirements include microfracture (54),
drilling of subchondral bone (5,35,54) autologous
chondrocyte implantation (4) osteochondral autograft
and allograft transfer systems (2,47) and abrasion
chondroplasty (19). The results have been mixed (40).
Abrasion chondroplasty uses a burr to remove
unstable cartilage and cause bleeding of the subchondral bone. The blood clot that forms then
allows blood borne fibroblasts to lay down fibrinous tissue to replace the cartilage. Early results
suggested that it was a useful technique for younger
patients with cartilage damage, showing that
50 percent of patients improved (21). This technique
is easy to perform, can be undertaken using a single-stage arthroscopic technique but the tissue that
is formed is superficial, lacks adherence to the subchondral bone and therefore is subject to damage
from shear forces with joint movement (1).
Subchondral drilling was described in animal
models initially in 1986 (59) and was first described
in orthopaedic practice in the ankle joint (5).
Drilling generates heat and there is, therefore, a risk
of thermal necrosis and sub-chondral bone necrosis
has been noted following subchondral drilling (35).
Chen et al have recently refuted these findings,
showing that there was actually more osteocyte
death in peri-microfracture lacunae than in peridrill hole lacunae in a rabbit model (16).
Microfracture was first described by
Steadman (55) and involves placing multiple 0.51.0 mm holes in the exposed subchondral bone at
the base of the cartilage defect using a sharp pick.
These holes are placed 3-4 mm apart taking care not
to disrupt the integrity of the sub-chondral
plate.This can be performed arthroscopically. The
results from this technique have been shown to create at best a hybrid tissue cover of mixed hyaline
and fibrocartilage (55) but the good clinical results
have been reproduced by other authors in other centres with good to excellent results in 67% and poor
results in only 8% (43). The fibrocartilage may provide temporary cover of bone with a soft tissue
layer but may not have sufficient loadbearing
capacity to be of value in terms of long term load
transmission to the other joint surface as some have
reported declining function in high-demand patients
after one year (62).
Acta Orthopædica Belgica, Vol. 77 - 2 - 2011
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Experimental studies have shown that patches of
perichondrium and periosteum can be sewn onto an
osteochondral defect and pluripotential cells from
the cambium layer can differentiate into chondrocytes and form a ‘hyaline-like’ tissue covering the
defect at follow-up (14,45). Peterson et al subsequently investigated the outcome of injecting cultured chondrocytes underneath periosteal patches (46). Cartilage is harvested from the joint with an
arthroscopic technique, chondrocytes are isolated
from the matrix in the laboratory and are then cultivated and their numbers increased between 20 and
50 times (46). The second stage requires an arthrotomy to suture the periosteal patch on to the
surrounding articular cartilage and inject the chondrocytes in situ. This technique of autologous chondrcyte implantation (ACI) is expensive but has had
some popularity and has been shown in some studies to have favourable outcome when compared to
other techniques such as mosaicplasty (6,10). ACI is
technically more difficult than microfracture and
involves two-stage surgery. The tissue created has
been shown to contain hyaline-like cartilage and
chondrocyte-like cells but it is not clear that the recreated tissue functions in the same manner as articular cartilage in terms of load distribution. To take
biopsies of adequate size for mechanical testing
would cause chondral damage and therefore is not
possible in a human subject following ACI. The
chondrocyte-like cells may come from the cultivated chondrocytes injected underneath the periosteal
patch, they may be from the chondrocyte precursors
in the periosteum or from mesenchymal stem cells
from sub-chondral bone bleeding into the
OCD (7,51). Jones and Peterson have also described
the sandwich technique for defects deeper than
8 mm whereby the base of the defect is bone grafted and then covered by a double periosteal layer
and the cultured chondrocytes are then injected
between this double layer (34).
Saris et al achieved improved structural repair of
chondral surfaces with characterised chondrocyte
implantation (CCI) as assessed by histomorphometry and histological evaluation when compared to
microfracture but did not show significant improvement in functional outcome (52). The technique of
CCI uses an autologous chondral cell therapy aimed
Acta Orthopædica Belgica, Vol. 77 - 2 - 2011

at optimising its biological potency to form stable
cartilage tissue when cultured and transplanted.
Techniques such as this may show superior results
to standard ACI in the longer term.
In an attempt to encourage the growth of
chondrocyte-like cells in a stable matrix to obtain
hyaline cartilage in a more physiological pattern,
matrix induced ACI (or MACI) was developed (4).
This technique uses cultured chondrocytes, as in
ACI, but implants these cells within a type I/III collagen disc. This can be stabilised with fibrin glue
and has been shown to lead to a stable tissue construct in the original defect on MRI scan as much as
two years later (3).Various types of matrix are available but most require an arthrotomy for their
implantation. The demand for arthroscopic techniques has driven the development of third generation types of carrier/matrix which allow arthroscopic implantation. Although only early clinical results
are available, the outcomes appear comparable with
earlier ‘open’ techniques (9). Phase III, multicenter,
randomised clinical trial of the co.don chondrosphere®, a three-dimensional autologous chondrocyte transplantation product is underway, which
will be comparing microfracture in the treatment of
cartilage defects of the knee joint (9).
limited cartilage resurfacing with metal
implants has been described and implants for this
exist. As it involves replacement of deficient cartilage with a metal disc, it is of course not cartilage
repair as such. Animal testing in a goat model has
shown that the implants can appear stable on radiographs with normal joint range of motion and no
joint effusion at 4 weeks post operatively (36).
There was however noted to be cartilage damage on
the opposing joint surface (at the tibial plateau)
when the medial femoral condyle was re-surfaced
with a cobalt chromium implant (36). This type of
cartilage damage to the opposing joint surface has
been reported in other animal studies (18). Further
work is required to ensure that this type of procedure will be safe for use in clinical practice.
Osteochondral transplantation or ‘mosaicplasty’
involves taking one or more autografts (full
thickness bone and cartilage graft) from a ‘nonweightbearing’ portion of the joint and transferring
it to the area of the osteochondral damage (8). This
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is usually done by taking cylindrical cores of
cartilage and underlying sub-chondral bone and
impacting them into cylindrical holes drilled into
the base of the lesion.
This is the only technique which recreates type II
collagen hyaline cartilage in normal cartilage
matrix. This is however obtained at the expense of
removing joint surface elsewhere in the joint. There
is also the issue of the areas in between the cylindrical grafts and the fibro-cartilagenous tissue which
develops here. It is also essential to get the grafts to
fit in at the correct depth to avoid the point loading
which will occur if part of the graft is ‘proud’ of the
surrounding cartilage surface. This will increase
wear rates and secondary cartilage damage. Cell
death at the margins of the graft is also known to
occur, leading to a reduction in graft tissue of as
much as 24 percent (32). Mosaicplasty is best
reserved for small to medium-size defects of less
than 25 mm in diameter (8).
Allograft of osteochondral tissue has also been
used with some success for full thickness cartilage
defects (63) and avoids the problems of donor site
morbidity required with osteochondral autograft.
Studies have shown statistically significant
improvement up to 3 years as measured by several
knee specific scoring systems including IKDC,
Knee Related Quality of life scores, Sport and
Recreation Function Score and SF12 Physical
Component score (42). Overall patient satisfaction
rates of 84% with allograft transplantation have
also been reported (42). Some grafts have done well,
surviving up to 25 years but equally there is still a
significant rate of early failure (25). Equally good
results for allograft in terms of imaging characteristics, biomechanical properties and histology have
been achieved in animal (dog) models when compared to autograft (24). There are however the issues
of greater cost and lower availability of allograft
tissues for implantation but using allograft does
avoid the potential for donor site morbidity (11).
Cartilage regeneration with type II collagen and
a highly sulfated proteoglycan matrix has been the
goal of many of the treatments for full thickness
cartilage loss but this has not been reliably achieved
with histological specimens often revealing
‘hyaline-like’ cartilage and fibro-cartilage cover of
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defects on follow-up biopsies (40). It is this focus on
developing techniques which can reliably produce
healthy chondrocytes and type II collagen in an
extra-cellular matrix which has characteristics
which allow adequate load transmission and
involvement in joint lubrication and nutrition that
has driven interest and research in tissue engineering techniques and led to the development of
synthetic scaffolds for the purpose of cartilage
repair. The basic concepts of tissue engineering
dictate that for new tissues to form and remain
viable, cells need both a stable scaffold to grow in
and the appropriate biological signals to determine
cellular differentiation and tissue type. The goal of
scaffold replacement for OCD’s is that bleeding
into the scaffold will allow pluri-potential
mesenchymal marrow cells to migrate into the
implant. Responding to inductive biological signals
from the surrounding injured bone and cartilage,
collagen deposition and cellular infiltration and
differentiation will allow the formation of hyaline
cartilage within the surface layer of the ‘plug’ and
ossification of the deep ‘bone’ layer of the implant.
Advances in tissue engineering have led to
improvements in biomaterials including natural and
synthetic hydrogel polymers which have been used
as scaffolds for the purpose of cartilage repair in
chondral and osteochondral defects (60).
Currently research is focusing on manipulating
the material properties of the scaffold implant in
order to regenerate tissue that is as physiological as
possible. As more research is published, it becomes
clear that the factors such as the Young’s modulus
(stiffness) of the implant, the relative porosity (for
nutrition of cellular components and removal of
waste products of local cellular metabolism) and
ease of degradation of the scaffold material have
both quantitative and qualitative impact on the
tissue that regenerates within the scaffold (49). For
osteochondral defects, the challenge in scaffold
engineering remains focused on encouraging the
growth of osseous tissue at the base of the defect
firmly attached to cartilaginous tissue at the most
superficial part. The solution has been the development of biphasic implants with two adherent layers.
It has become apparent that the porosity of the
implant and therefore the stiffness of the implant
Acta Orthopædica Belgica, Vol. 77 - 2 - 2011
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can be manipulated to determine the tissue type that
grows within it (38,49,64). It is therefore possible to
encourage cartilaginous tissue differentiation in the
surface layer of the implant and osseous tissue differentiation in the deep layer.
TruFit© CB plugs (Smith and nephew) are one
example of commercially available and licensed,
synthetic resorbable biphasic implants made of a
patented composite hydrophilic polymer composed
of polylactide co-glycolide, calcium sulphate and
poly-glycolide fibres. The TruFit© CB plug is
licensed for chondral and osteochondral defects in
Europe but only for bone void filling in the
USA (61). It is designed as a cylindrical scaffold
with two layers, one with a similar trabecular
network to cancellous bone and a superficial 3 mm
layer designed to simulate the matrix of articular
cartilage. The plugs are available in three different
diameters of 7 mm, 9 mm and 11 mm. Clinically, a
cylindrical hole of 18 mm depth is drilled into the
osteochondral defect (usually in a femoral condyle)
and a plug of the same depth undergoes a press fit
into the defect. Osteo-progenitor cells can migrate
(from surrounding osseous bleeding) into the basal
layer with resultant ossification in the basal layer.
Histology from a goat model has shown osseointegration of the deep part of the implant, with
resorption of the implant material and ‘hyaline-like’
cartilage formation in the surface layer (61). Authors
have reported the potential for cyst formation and
delayed incorporation at the site of plug implantation which may persist for 24 months or more (12).
Increased interest in tissue engineering techniques has driven a significant increase in the number of materials and implants being assessed for use
as a scaffold for the repair of cartilage in chondral
and osteochondral defects. large numbers of
resorbable hydrogel polymers such as polylactide
co-glycolide (PlG), similar to the TruFit CB plug,
have been assessed in recent years (17,26,44,53). Kon
et al showed that a composite biomaterial scaffold
composed of hydroxyapatite nucleated type I collagen fibrils was used in 13 patients with a significant
improvement in outcome scores but incomplete
integration on MRI in up to 47% of patients at
6 months follow up (37). Other materials used as
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scaffolds include medical grade polycaprolactone
(often with Tricalcium phosphate and collagen
mesh), porous tantalum and carbon fiber (13,41,56).
Cellulose sponges have also been used in laboratory studies but have not been successful as the
matrix formed has been soft and unlikely to have
withstood loading in vivo (48). Allogenic cartilage
has also been harvested, shattered and de-cellularized and then reconstituted to form a neo-cartilagenous scaffold for cartilage repair but this has been
confined to laboratory and animal studies to date
(65). Recent studies have reported the use of silkworm and spider silk scaffolds for use as a scaffold
support for chondrocytes in cartilage repair (22). A
wide range of cellular pretreatment of scaffolds has
been attempted using ACI techniques, autograft of
cultured chondrocytes, allograft chondrocytes,
mesenchymal stem cells and the addition of
biological and biochemical factors such as fibroblast growth factor, platelet derived growth factor,
bone morphogenetic protein (rhBMP 2) and
hydroxyappatite (15,39,57,58,60).
The ultimate aim in ‘cartilage repair’ surgery is
to achieve type II collagen in a stable tissue matrix
which is capable of performing as load bearing
articular material under physiological loading conditions. The techniques described above have all
been used in the treatment of full thickness cartilage
loss but many have simply delayed the need for
more definitive treatment, which often requires partial or total joint arthroplasty. The current focus is
on developing techniques which lead to long lasting
cartilage repair which will obviate the need for joint
replacement.
At this stage, many of the techniques for
chondral repair have been used with some success.
none have consistently shown superiority in clinical trials and as such, no recommendation regarding
treatment can be made at this time. High-quality
clinical trials are needed to evaluate new treatments
and more research is needed but with new tissue
engineering techniques, the prospect of developing
long lasting cartilage repair tissue with good wear
characteristics that is capable of involvement in
load bearing, nutrition and lubrication of the joint is
increasingly realistic.

melton-_Opmaak 1 18/03/11 09:02 Pagina 157

OSTEOCHOnDRAl DEFECTS OF THE KnEE

REFERENCES
1. Akizuki S, Yasukawa Y, Takizawa T. Does arthroscopic
abrasion arthroplasty promote cartilage regeneration in
osteoarthritic knees with eburnation ? A prospective study
of high tibial osteotomy with abrasion arthroplasty versus
high tibial osteotomy alone. Arthroscopy 1997 ; 13 : 9-17.
2. Attmanspacher W, Dittrich V, Stedfeld HW.
[Experiences with arthroscopic therapy of chondral and
osteochondral defects of the knee joint with OATS
(Osteochondral Autograft Transfer System).] (in German).
Zentralbl Chir 2000 ; 125 : 494-499.
3. Bachmann G, Basad E, Lommel D, Steinmeyer J. [MRI
in the follow-up of matrix –supported autologous chondrocyte transplantation (MACI) and microfracture.] (in
German). Radiologe 2004 ; 44 : 773-782.
4. Bartlett W, Skinner JA, Gooding CR et al. Autologous
chondrocyte implantation versus matrix-induced autologous chondrocyte implantation for osteochondral defects of
the knee : a prospective, randomised study. J Bone Joint
Surg 2005 ; 87-B : 640-645.
5. Beiser IH, Kanat IO. Subchondral bone drilling : a treatment for cartilage defects. J Foot Surg. 1990 ; 29 : 595601.
6. Bentley G, Biant LC, Carrington RW et al. A prospective
randomised comparison of autologous chondrocyte transplantation and mosaicplasty for osteochondral defects in
the knee. J Bone Joint Surg 2003 ; 85-B : 223-230.
7. Beris AE, Lykissas MG, Papageorgiou CD,
Georgoulis AD. Advances in articular cartilage repair.
Injury 2005 ; 36 Suppl : S14-S23.
8. Bobic V, Morgan C, Carter T. Osteochondral autologous
graft transfer. Op Tech Sports Med 2000 ; 8 : 168-178.
9. Brittberg M. Cell carriers as the next generation of cell
therapy for cartilage repair : a review of the matrix-induced
autologous chondrocyte implantation procedure. Am J
Sports Med 2010 ; 38 : 1259-1271.
10. Brittberg M, Lindahl A, Nilsson et al. Treatment of deep
cartilage defects in the knee with autologous chondrocyte
transplantation. New Eng J Med 1994 ; 331 : 889-895.
11. Caldwell PE, Shelton WR. Indications for allografts.
Orthop clinics North Am 2005 ; 36 : 459-467.
12. Carmont MR, Carey-Smith R, Saithna A et al. Delayed
incorporation of a TruFit plug : perseverance is recommended. Arthroscopy 2009 ; 25 : 810-814.
13. Carranza-Bencano A, Armas-Padron JR, GiliMiner M, Lozano MA. Carbon fiber implants in osteochondral defects of the rabbit patella. Biomaterials 2000 ;
21 : 2171-2176.
14. Carranza-Bencano A, Perez-Tinao M, BallesterosVasquez P et al. Comparative study of the reconstruction
of articular cartilage defects with free costal peri-chondrial
grafts and free tibial periosteal grafts : an experimental
study on rabbits. Calcified Tissues Int 1999 ; 65 : 402407.

157

15. Chajra H, Rousseau CF, Cortial D et al. Collagen-based
biomaterials and cartilage engineering. Application to
osteochondral defects. Biomed Mat Eng 2008 ; 18
(1 Suppl) : S33-45.
16. Chen H, Sun J, Hoemann CD et al. Drilling and
microfracture lead to different bone structure and necrosis
during bone-marrow stimulation for cartilage repair.
J Orthop Res 2009 ; 27 : 1432-1438.
17. Chu CR, Coutts RD, Yoshioka M et al. Articular cartilage
repair using allogenic perichondrocyte- seeded biodegradable porous polylactic acid (PlA) :a tissue-engineering
study. J Biomed Mater Res 1995 ; 29 : 1147-1154.
18. Custers RJH, Creemers LB, Van Rijen MHP et al.
Cartilage damage caused by metal implants applied for the
treatment of established localized cartilage defects in a rabbit model. J Orthop Res 2009 ; 27 : 84-90.
19. Dandy DJ. Abrasion chondroplasty. Arthroscopy 1986 ; 2 :
51-3.
20. Farmer JM, Martin DF, Boles CA, Curl WW. Chondral
and osteochondral injuries. Diagnosis and management.
Clin Sports Med 2001 ; 20 : 299-320.
21. Friedman MJ, Berasi CC, Fox JM et al. Preliminary
results with abrasion arthroplasty in the osteoarthritic knee.
Clin Orthop Relat Res. 1984 ; 182 : 200-5.
22. Gellynck K, Verdonk PC, Van Nimmen E et al.
Silkworm and spider silk scaffolds for chondrocyte support. J Mat Sci Mat Med 2008 ; 19 : 3399-3409.
23. Gleghorn JP, Banassar LJ. lubrication mode analysis of
articular cartilage using stribeck surfaces. J Biomech 2008 ;
41 : 1910-1918.
24. Glenn RE, McCarty EC, Potter HG et al. Comparison of
fresh osteochondral autografts and allografts :a canine
model. Am J Sports Med 2006 ; 34 : 1084-1093.
25. Gross AE, Kim W, Las Heras F et al. Fresh osteochondral
allografts for posttraumatic knee defects : long-term
follow-up. Clin Orthop Relat Res 2008 ; 466 : 1863-1870.
26. Halland TA, Bodde EW, Baggett LS et al. Osteochondral
repair in the rabbit model utilizing bilayered, degradable
oligo(poly(ethylene glycol) fumarate) hydrogel scaffolds.
J Biomed Mater Res A 2005 ; 75 : 156-67.
27. Harman BD, Weeden SH, Lichota DK, Brindley GW.
Osteochondral autograft transplantation in the porcine
knee. Am J Sports Med 2006 ; 34 : 913-918.
28. Hills BA. Boundary lubrication in vivo. Proc Inst Mech
Eng 2000 ; 214 : 83-94.
29. Hills BA, Crawford RW. normal and prosthetic synovial
joints are lubricated by surface active phospholipids.
J Arthroplasty 2003 ; 18 : 499-505.
30. Huang X, Yang D, Yan W et al. Osteochondral repair
using the combination of fibroblast growth factor and
amorphous calcium phosphate/poly(l-lactic acid) hybrid
materials. Biomaterials 2007, 28, 3091-100.
31. Hunter W. On the structure and diseases of articulating
cartilages. Philos Trans Royal Soc London 1743 ; 42-B :
514-521.

Acta Orthopædica Belgica, Vol. 77 - 2 - 2011

melton-_Opmaak 1 18/03/11 09:02 Pagina 158

158

J. T. K. MElTOn, A. J. COSSEY

32. Huntley JS, Bush PG, McBurnie JM, Simpson AH,
Hall AC. Chondrocyte death associated with human
femoral osteochondral harvest as performed for mosaicplasty. J Bone Joint Surg 2005 ; 87-A : 351-360.
33. Insall JN, Scott WN. Surgery of the Knee 3rd Edition.
Churchill livingstone 2001. Chapter 8, p 220.
34. Jones DG, Peterson L. Autologous chondrocyte implantation. J Bone Joint Surg 2006 88-A : 2501-2520.
35. Kelbérine F, Frank A. Arthroscopic treatment of osteochondral lesions of the talar dome : a retrospective study of
48 cases. Arthroscopy 1999 ; 15 : 77-84.
36. Kirker-Head CA, Van Sickle DC, Ek SW, McCool JC.
Safety of and biological and functional response to a novel
metallic implant for the management of focal full-thickness
cartilage defects : Preliminary assessment in an animal
model out to 1year. J Orthop Res 2006 ; 24 : 10961108.
37. Kon E, Delcogliano M, Filardo G et al. Orderly osteochondral regeneration in a sheep model using a novel nanocomposite multilayered biomaterial. J Orthop Res 2010 ;
28 : 116-124.
38. Lien SM, Ko LY, Huang TJ. Effect of pore size on ECM
secretion and cell growth in gelatin scaffold for articular
cartilage tissue engineering. Acta Biomater 2009 ; 5 : 670679.
39. Lohmann CH, Schwartz Z, Niederauer GG et al.
Pretreatment with platelet derived growth factor-BB modulates the ability of costochondral resting zone chondrocytes incorporated into PlA/PGA scaffolds to form new
cartilage in vivo. Biomaterials 2000 ; 21 : 49-61.
40. Magnussen RA, Dunn WR, Carey, Spindler KP.
Treatment of focal articular cartilage defects in the knee : a
systematic review. Clin Orthop Rel Res 2008 ; 466 : 952962.
41. Mardones RM, Reinholz GG, Fitzsimmons JS et al.
Development of a biologic prosthetic composite for
cartilage repair. Tissue Eng 2005 ; 11 : 1368-1378.
42. McCulloch PC, Kang RW, Sobhy MH, Hayden JK,
Cole BJ. Prospective evaluation of prolongued fresh allograft transplantation of the femoral condyle :minimum 2year follow up. Am J Sports Med 2007 ; 35 : 411-420.
43. Mithoeffer K, Williams RJ 3rd, Warren RF et al.
Chondral resurfacing of articular cartilage defects in the
knee with the microfracture technique. Surgical technique.
J Bone Joint Surg 2006 ; 88-A Suppl I : 294-304.
44. Nagura I, Fujioka H, Kokubu T et al. Repair of osteochondral defects with a new porous synthetic polymer
scaffold. J Bone Joint Surg 2007 ; 89-B : 258-264.
45. Peterson L, Menche D, Grande D et al. Chondrocyte
transplantation – an experimental model in the rabbit.
Trans Orthop Res Soc 1984 ; 9 : 218.
46. Peterson L, Minas T, Brittberg M et al. Two to
9-year outcome after autologous chondrocyte transplantation of the knee. Clin Orthop Relat Res 2000 ; 374 : 212234.

Acta Orthopædica Belgica, Vol. 77 - 2 - 2011

47. Pritzker KP, Gross AE, Langer F, Luk SC, Houpt JB.
Articular cartilage transplantation. Human Pathology
1977 ; 8 : 635-651
48. Pulkkinen H, Tiitu V, Lammentausta E et al. Cellulose
sponge as a scaffold for cartilage tissue engineering.
Biomed Mater Eng 2006 ; 16 (4 Suppl) : S29-35.
49. Raghunath J, Rollo J, Sales KM, Butler PE,
Seilafian AM. Biomaterials and scaffold design ; key to
tissue-engineering cartilage. Biotechnol Appl Biochem
2007 ; 46 : 73-84.
50. Ramachandran M. Basic Orthopaedic Sciences, The
Stanmore guide. Hodder Arnold 2007.
51. Ritsila VA, Santavirta S, Alhopuro S et al. Periosteal and
perichondral grafting in reconstructive surgery. Clin
Orthop Rel Res 1994 ; 302 : 259-265.
52. Saris DB, Vanlauwe J, Victor J et al. Characterised
chondrocyte implantation results in better structural repair
when treating symptomatic cartilage defects of the knee in
a randomized controlled trial versus microfracture. Am J
Sports Med 2008 ; 36 : 235-246.
53. Sherwood JK, Riley SL, Palazzollo R et al. A three
dimensional osteochondral composite scaffold for articular
cartilage repair. Biomaterials 2002 ; 23 : 4739-4751.
54. Steadman JR, Rodkey WG, Rodrigo JJ. Microfracture :
surgical technique and rehabilitation to treat chondral
defects. Clin Orthop Rel Res 2001 ; 391 : S362-369.
55. Steadman JR, Rodkey WG, Singleton SB, Briggs KK.
Microfracture technique for full thickness chondral
defects : technique and clinical results. Operative Tech
Orth 1997 ; 7 : 300-305.
56. Swieszkowski W, Tuan BH, Kurzydlowski KJ,
Hutmacher DW. Repair and regeneration of osteochondral
defects in the articular joints. Biomol Eng 2007 ; 24 : 489495.
57. Tamai N, Myoui A, Hirao M et al. A new biotechnology
for articular cartilage repair : subchondral implantation of a
composite of interconnected porous hydroxyapatite,
synthetic polymer (PlA-PEG), and bone morphogenetic
protein-2 (rhBMP-2). Osteoarthritis Cartilage 2005 ; 13 :
405-417.
58. Uematsu K, Hattori K, Ishimoto Y et al. Cartilage
regeneration using mesenchymal stem cells and a threedimensional poly-lactic-glycolic acid (PlGA) scaffold.
Biomaterials 2005 ; 26 : 4273-4279.
59. Vachon A, Bramlage LR, Gabel AA, Weisbrode S.
Evaluation of the repair process of cartilage defects of the
equine third carpal bone with and without subchondral
bone perforation. Am J Vet Res 1986 ; 47 : 2637-2645.
60. Wakitani S, Goto T, Young RG et al. Repair of large fullthickness articular cartilage defects with allograft articular
chondrocytes embedded in a collagen gel. Tissue Eng
1998 ; 4 : 429-444.
61. Williams RJ, Gamradt SC. Articular cartilage repair
using a resorbable matrix scaffold. Instr Course Lect 2008 ;
57 : 563-571.

melton-_Opmaak 1 18/03/11 09:02 Pagina 159

OSTEOCHOnDRAl DEFECTS OF THE KnEE

62. Williams RJ, Harmly HW. Microfracture : indications,
technique and results. Instr Course Lect 2007 ; 56 : 419-428.
63. Williams RJ, Ranawat AS, Potter HG, Carter T,
Warren RF. Fresh stored allografts for the treatment of
osteochondral defects of the knee. J Bone Joint Surg 2007 ;
89-A : 718-726.
64. Woodfield TB, Malda J, De Wijn J et al. Design of
porous scaffolds for cartilage tissue engineering using a

159

three-dimensional fiber deposition technique. Biomaterials
2004 ; 25 : 4149-4161.
65. Yang Q, Peng J, Guo Q et al. A cartilage ECM-derived
3-D porous acellular matrix scaffold for in vivo cartilage
tissue engineering with PKH26-labeled chondrogenic bone
marrow-derived mesenchymal stem cells. Biomaterials
2008 ; 29 : 2378-2387.

Acta Orthopædica Belgica, Vol. 77 - 2 - 2011

