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CURRENT CONCEPTS REVIEW

Repair of symptomatic cartilage lesions of the knee
The place of autologous chondrocyte implantation
Johan VANLAUWE, Frederik ALMQVIST, Johan BELLEMANS, Jean-Pierre HUSKIN, René VERDONK, Jan VICTOR

From the University Hospitals Leuven, Ghent and Liège, Belgium

An increasing number of patients with cartilage
defects of the knee are being treated with autologous
chondrocyte implantation (ACI). To date, no clear
guidelines exist for the use and indications of this
technique. The BVOT and SOBCOT have established a working group to review the clinical results
and the cost-effectiveness of the various treatment
modalities and particularly of ACI. This group has
formulated recommendations and presents a treatment algorithm based on an in-depth review of
recent European and American literature, on peerreviewed opinions of leading investigators in the field
and on a comparative analysis of the clinical results
and health-economic aspects of current cartilage
repair techniques.
Keywords : knee ; cartilage defects ; autologous cartilage implantation.

Cartilage defects and their implications
A large number of patients consult an
orthopaedic surgeon because of a joint problem
related to damage to the articular cartilage. A chondral lesion was found in 63% of 31,516 arthroscopies retrospectively analysed by Curl et al (29)
in 1997 ; almost 20% of the lesions were Grade 4
(Outerbridge Scale) and were mainly located on the
medial femoral condyle. Four percent were single
lesions in patients under 40 years of age (29).
Similar data were reported in two more recent publications by Hjelle et al (52) and Aroen et al (3). The
No benefits or funds were received in support of this study

real prevalence or incidence of cartilage lesions is
not known. There is a variety of underlying causes,
and the time to onset of clinical symptoms markedly varies. Unrecognised or untreated cartilage
defects in younger age as a result of sports injury or
other physical activity may lead to an increased
risk of developing osteoarthritis later in life (60).
A Johns Hopkins prospective cohort study of 1321
former medical students who were followed for a
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median of 36 years, concluded that young adults
with knee injuries run a considerable risk to develop osteoarthritis (OA), 10 years earlier on average
than the group without cartilage defects in young
age (41). OA is one of the most common disabling
disorders, affecting more than 10% of of the
Western population. In the USA, the “Arthritis
Foundation” (www.arthritis.org, March 2005) estimated the cost to the US economy at nearly
$ 86.2 billion per year in terms of direct expenses,
lost wages and production.
CARTILAGE DEFECTS NEED TO BE TREATED EARLY
Since Hunter (1743), we know that cartilage
has a limited capacity for repair. This originates in
its specific structure and anatomy, and is clearly
linked to age (22). Healthy adult articular cartilage
is a unique tissue in the human body, providing
joints with almost frictionless continuous gliding
motion. It can resist loading forces that are a multitude of the individual’s body weight. It absorbs
mechanical shock and spreads the load over the
underlying subchondral bone plate to reduce
extreme loading conditions. Under normal physiological conditions, articular cartilage continues for
a lifetime to exert these essential biomechanical
functions. Chondrocytes are responsible for synthesis and maintenance of the cartilage extracellular matrix (ECM). These metabolically active cells
respond to various environmental stimuli including
soluble mediators, matrix composition, mechanical
load and hydrostatic pressure. Cartilage basically
consists of a high amount of water bound within a
fine mesh of collagen fibers and proteoglycans
(aggrecans). This highly specialised architecture
provides the tissue with resilience, biomechanical
resistance and tensile strength, to withstand the
forces in the joint, and to reduce the thickness variations under load to a remarkable extent. A minor
breach within this proteoglycan architecture causes
a substantial decrease in the mechanical properties
of cartilage (17). Because of a lack of inflammatory
response, a cartilage lesion without damage to the
subchondral plate usually does not heal. When the
subchondral plate has been penetrated, repair tissue
can form but it mainly consists of collagen type I as
Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

in mature scar tissue and will deteriorate over time.
Chondrocyte cell death (apoptosis), insufficient
synthesis of new macromolecules and the release
of inflammatory mediators and catabolic enzymes
characterise the course of cartilage degeneration.
This may eventually lead to destructive osteoarthritis (22). Restoration of the normal homeostasis in
the joint must be the main purpose for reconstructive biological procedures. Existing axial malalignments, damage to menisci or ligaments and synovitis should also be addressed. The importance of
early biological reconstruction of symptomatic
lesions was highlighted by Mithoefer et al (76).
They found that return to pre-injury sporting level
correlated with a shorter duration of preoperative
symptoms and a lower number of prior operations.
All adolescents with preoperative symptoms of
12 months duration or less returned to pre-injury
level athletics, compared with 33% of those with
time intervals longer than 12 months (79).
TREATMENT OPTIONS FOR CARTILAGE LESIONS
Several surgical biological reconstruction
options exist for the treatment of ICRS
(International Cartilage Repair Society) grade 3
and 4 cartilage lesions in the knee. Arthroscopic
lavage and debridement is meant to clean out debris
and potentially harmful catabolic substances that
cause deterioration of the cartilage matrix and
inflammation of the joint (8, 12, 42, 58, 59). Marrow
stimulation recruits bone marrow stem cells from
the underlying bone marrow through abrasion of
the subchondral plate, drilling or microfracturing (12, 58, 82, 89, 94). These cells within their blood
clot will reorganise into a repair tissue covering the
original cartilage defect that was debrided back to
stable borders. These techniques lead to the development of predominantly fibrous scar tissue (56)
that does not show the biomechanical load bearing
capacity of healthy articular cartilage (21, 23).
Different variations of osteochondral grafting techniques exist to fill cartilage defects in a joint.
Hangody et al (45, 47, 48) developed mosaicplasty
using small autologous osteochondral plugs, Bobic
et al (15, 16) developed the OATS system (osteochondral autograft transplant system) which uses
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larger plugs. Osteochondral allografts can be used
in salvage operations (42). Owing to the risk of disease transmission and infection, allograft cartilage/bone transplantation should be restricted to
cases where size or depth of a defect make alternative procedures impossible (24, 25, 42).
Simple transplantation of periosteum or perichondrium cannot be recommended anymore,
because of its predominantly poor short and midterm clinical outcome (2, 67).
Autologous Chondrocyte Implantation (ACI) is
another established and promising technique for
the repair of cartilage lesions in the knee.
CLINICAL RESULTS OF THE CURRENT TREATMENT OPTIONS
The early optimistic results of lavage and lavage
combined with debridement (32, 36, 55) are the subject of much controversy, especially since a recently published prospective randomised and placebo
controlled trial by Moseley et al (78). Hubbard (55)
reported an 80% success rate with debridement
after one year, decreasing to 59% at 5 years, in a
randomised controlled trial comparing debridement and lavage alone, in patients who had not
undergone previous operations. Ogilvie-Harris and
Fitsialos (80) reported similar results.
Bert reported that the fibrocartilage repair tissue
resulting from arthroscopic abrasion arthroplasty
for cartilage lesions in otherwise healthy joints lasted only up to 4 years (12, 13). Nehrer et al (79) examined failed abrasion treatment and reported a mean
time to failure of 21 months. Examination of the
failed repair revealed soft, fibrillated tissue, frequently with central degeneration. The short term
clinical results with microfracture are mostly
good (61, 82). Steadman et al (93) published good
long term (7 to 17 years, mean 11.3 years) retrospective results in a selected patient population
with small to medium sized defects (2.77 cm2).
Concomitant pathology was not described and the
publication did not include large and deep osteochondral defects (93). Marrow stimulation techniques have much less favourable results once the
fourth decade has passed (49, 93). A study by
Mithoefer et al (77) showed that microfracture can
result in significant functional improvement at a
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minimum follow-up of two years. The best shortterm results are observed with good fill grade, low
body-mass index, and a short duration of preoperative symptoms. The worst results were seen in
patients with a body-mass index of > 30 kg/m2 (p <
0.05). On magnetic resonance imaging, the fill
grade correlated with the knee function scores (77).
A longer follow-up of the patients showed a weaning effect of the repair tissue and similar findings
were reported by Kreuz et al who found a gradual
degradation of the ICRS scores after 18 months
(62). Brown looked at the repair cartilage overlying
the microfracture which generally was depressed
with respect to native cartilage. There was a
marked propensity for bony overgrowth with loss
of adjacent cartilage evident with progressive follow-up (21).
The results of mosaicplasty are generally good
in small and medium size defects (46, 48, 57). The
applicability of this method remains limited due to
the restricted donor surface area, donor site morbidity and problems in achieving satisfactory surface congruence, thickness and filling. Hangody et
al advise to restrict indications to defects 4 cm2 or
less, based on their results in a large group of
patients with a follow-up up to 10 years (46).
The role of allograft tissue transplantation for
post-traumatic defects has been reduced to defects
larger than 3 cm in diameter and 1 cm in depth
owing to recent advances in other techniques for
cartilage repair and resurfacing (4, 6).
ACI has now been used worldwide in approximately 15000 cases. In a clinical evaluation of
244 patients followed for two to ten years, subjective and objective improvement was seen in a large
number of patients with an ICRS grade 3 or 4
femoral condylar lesion or osteochondritis dissecans (20). The percentage of good to excellent
results was high (84% to 90%) for patients with
different types of single femoral condylar lesions,
whereas it was lower (mean : 74%) for those with
other types of lesions (84, 85). In order to study the
long-term durability of autologous chondrocyte
transplantation, 61 patients were followed for 5 to
11 years (mean : 7.4 years) after the surgery. At
2 years, 50 of the 61 patients had a good or excellent result. This increased to 51 of the 61 patients at
Acta Orthopædica Belgica, Vol. 73 - 2 - 2007
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the 5 to 11-year evaluation. The total failure rate
was 16% (10 of 61) at a mean of 7.4 years. All failures of ACI occurred in the first 2 years, so a high
percentage of the patients who had a good to excellent result at 2 years retained this result at the time
of long-term follow-up. Knutsen et al (61) studied
80 patients who had symptomatic focal cartilage
lesions of the femoral condyles measuring 2 to
10 cm2. The patients were treated at four hospitals
and were randomised into two groups : those treated with autologous chondrocyte implantation and
those treated with microfracture. At 2 years, the
outcomes were slightly but not significantly better
in the patients treated with microfracture than with
ACI, but both groups had acceptable short-term
clinical results (61). ACI and mosaicplasty are both
claimed to be successful for the repair of articular
cartilage defects in the knee but there have been
only two comparative studies showing conflicting
results. Bentley et al (10) published a randomised
controlled trial comparing mosaicplasty with ACI
in 100 patients with a mean age of 31.3 years
(range : 16 to 49) and with a symptomatic lesion of
the articular cartilage in the knee which was suitable for cartilage repair. Most lesions were posttraumatic with a mean defect size of 4.66 cm2. The
mean duration of symptoms was 7.2 years. The
mean follow-up was 19 months (range : 12 to 26).
Functional assessment using the modified
Cincinatti and Stanmore scores and objective clinical assessment showed that 88% had excellent or
good results after ACI compared with 69% after
mosaicplasty. Arthroscopy at one year demonstrated excellent or good macroscopic repair in 82%
after ACI and in 34% after mosaicplasty. In this
prospective randomised clinical trial, ACI has
shown superiority over mosaicplasty for the repair
of articular defects in the knee. The results for ACI
are comparable with those in other studies, but
those for mosaicplasty are less favourable in larger
lesions (10). Horas et al (54) performed a prospective clinical study to investigate the two-year outcome in forty patients with an articular cartilage
lesion of the femoral condyle who had been randomly treated with either transplantation of an
autologous osteochondral cylinder or implantation
of autologous chondrocytes. Both treatments
Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

resulted in a decrease in symptoms. However, the
improvement obtained with ACI lagged behind the
improvement achieved by osteochondral cylinder
transplantation. Histologically, the defects treated
with ACI were primarily filled with fibrocartilage,
whereas the osteochondral cylinder transplants
retained their hyaline character, although there was
a persistent interface between the transplant and the
surrounding original cartilage. Limitations of this
study included the small number of patients, the
relatively short (two-year) follow-up, and the
absence of a control group (54). Krishnan et al (63)
identified a number of favourable factors for ACI
with a collagen membrane (ACI-C) : younger
patients with higher pre-operative modified
Cincinnati scores, a less than two-year history of
symptoms, a single defect, a defect on the trochlea
or lateral femoral condyle and patients with fewer
than two previous procedures on the index knee.
Revision ACI-C in patients with previous failed
ACI and mosaicplasty produced significantly inferior clinical results. Gender (p = 0.20) and size of
the defect (p = 0.97) did not significantly influence
the outcome (63).
AUTOLOGOUS CHONDROCYTE IMPLANTATION
ACI consists of a two- step procedure. In the first
step, which is arthroscopic, a small cartilage biopsy is taken from a lesser weight bearing area of the
affected joint. About 200-300 milligram of cartilage is harvested from the joint and sent to a dedicated laboratory where the cells are enzymatically
released from the cartilage tissue and brought in
monolayer culture to expand the number of cells
under cGMP (current Good Medical Practice) conditions. After approximately four to five weeks of
cell culture, cells have multiplied sufficiently to be
collected. The second step of the procedure
requires an arthrotomy to inject a suspension of
articular chondrocytes (approximately 1  106 cells
per cm2 defect surface), without carrier material,
underneath a periosteal flap or collagen membrane.
The second step is followed by a patient tailored
rehabilitation program.
To consistently obtain expanded chondrocytes,
able to produce a stable cartilage in vivo, cultures
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have to meet the highest standards of quality, safety and efficacy (11, 31, 38, 102). The purity of each
delivered cell product, including the number of
viable cells, the identity of the cells ( i.e. chondrocytes) and the absence of contaminants have to be
guaranteed.
In vitro expansion of articular chondrocytes normally results in dedifferentiation and loss of in vivo
cartilage formation. A newly developed “potency
assay” using molecular markers monitors the
capacity of expanded articular chondrocytes to
form stable cartilage in vivo and their ability to
withstand mineralisation, vascular invasion and
replacement by bone. The evaluation of the cartilage-forming ability in vivo may be informative for
successful cell-based joint surface defect repair
protocols (31).
Criteria for ACI
At this moment ACI is indicated for biological
reconstruction of post-traumatic ICRS grade 3 and
4 cartilage defects in the knee (table I). Before ACI
is applied for the treatment of degenerative/early
focal osteoarthritic cartilage lesions, the results of
ongoing clinical trials have to be awaited.
The current general principles for ACI are :
1. Children have high intrinsic regenerative capacities and ACI should not be applied as a first line
treatment, before radiological closure of the epiphysis (39). The upper age limit is approximately 50 years. There is no absolute upper age
limit, because calendar age does not always
reflect the biological age or the condition of the
afflicted joint. Thus in patients over 50, cartilage cells can be expanded and implanted (5, 31,
50, 85).
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2. A total defect size of 2 cm2 up to 12 cm2 is a
good indication for ACI. Clinical results in the
treatment of joints other than the knee are
promising, but no recommendations can be
given yet for the application of ACI. The optimal indication is a full thickness defect with an
intact subchondral plate. For deeper osteochondral defects and adult osteochondritis dissecans,
exceeding a depth of more then 6 to 8 mm, a
bony reconstruction is needed (84).
3. Before ACI is scheduled, the internal structures
of the knee are best visualised with MRI.
Cartilage specific sequences are essential in the
evaluation of the joint surface. Arthroscopic
inspection remains the gold standard to evaluate
the lesion and confirm the need for ACI or an
alternative resurfacing methods.
4. Results of previous surgery on the cartilage
should be awaited first. There should be a
period of at least 6 months between a failed
marrow stimulation technique and any new
surgery to allow initial healing of the subchondral plate.
Chondrocyte implantation technique
Surgical technique for defect preparation
In most cases, an arthrotomy of the knee is necessary to reach the defect. In some instances a
mini-arthrotomy or arthroscopy can be used.
Defect preparation itself must be very thorough.
The defect has to be brought back to stable hyaline
cartilage borders, perpendicular to the surface. The
defect bed can be debrided back to the subchondral
bone, ideally keeping the calcified layer intact. A
breach in (or damage to) the subchondral plate
must be avoided as much as possible. Bleeding can

Table I. — Intra-articular status as criteria for ACI
1.
2.
3.
4.
5.
6.

Intact corresponding joint surface (maximal ICRS grade 2 damage : see website.
International Cartilage Repair Society www.cartilage.org).
Intact load bearing capacity of the surrounding cartilage.
Functional meniscus (partial resection to maximum 50% of the total volume is allowed).
Maximally two separate defects.
Full range of motion.
Intact (repaired) ligaments, physiologically correct(ed) lower limb axis.
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be stopped using adrenaline soaked sponges, fibrin
glue or gentle impaction of the bone. All fibrocartilage present in the bottom of the defect has to be
cleaned out (75).

extra morbidity for the patient. Early loosening of
the periosteal flap can lead to failure of the
implant (79).
Recent developments

Defect coverage
Currently two methods to cover the defect are
used in Europe (7, 43) : 1) A periosteal flap procured
from the ipsilateral proximal tibia ; 2) A tested and
approved collagen membrane with CE-mark
(Chondro-Gide®, Geistlich AG, Switzerland).
Periosteal flap
Normally this flap is taken from the proximal
tibia below the pes anserinus. Because of shrinkage
it must be larger than the size of the defect (2 mm
in all directions). This flap is sutured into the defect
using atraumatic and resorbable suture material.
With precise size match and adequate technique a
watertight closure of the defect is achieved using
separate stitches or a running suture. The suture
knots have to rest on the periosteal flap. At the
proximal pole of the defect a small opening is left
to host a venous catheter of usually 14 Gauge.
Water tightness is tested first with saline. If there is
still leakage of fluid, additional suture points can
be added. Ideally only after water tightness is
attained, fibrin glue is applied and the joint is taken
through a range of motion to check stability of the
construct. After re-aspiration of the saline, the cell
suspension is injected beneath the flap. First the
cell suspension is reconstituted by gently shaking
and rolling the vial in both hands. Then the cells are
aspirated from the vial using a tuberculin syringe
with a 14 Gauge catheter. Repeated aspiration and
re-injection in the vial has to be avoided to prevent
shear forces and rupture of the cell membranes.
After injection a last suture point is placed at the
injection site and the wound is closed in layers
without suction drainage (19, 97).
The most frequently reported complication in
ACI as applied so far is implant hypertrophy.
According to current insights this is coming from
the periosteal flap and leads to additional surgery in
10 to 25% of cases (43, 51, 101). The extra skin incision for prelevation of the periosteal flap causes
Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

Through the development of appropriate biomaterials for implant coverage, the reported problems
with traditional ACI can hopefully be solved and
the indications can be broadened (34, 96-98). Several
biomaterials of natural or synthetic origin are under
clinical evaluation at his time and the first encouraging results have been reported (34, 43, 70, 83, 90).
Steinwachs et al and Bentley et al (7, 95) both have
published encouraging results of ACI using a collagen type 1/type 3 membrane.
Matrix coupled ACI
Implantation of isolated chondrocytes encapsulated in different artificial scaffolds such as synthetic polymers [carbon fiber (18), polylactic acid
and polyglycolic acid (37) or biological matrices
[demineralised bone matrix (14), collagen (26, 91, 98,
99), hyaluronan (70, 83, 92), fibrin (53, 97), alginate (1,
28, 30, 33, 64, 71, 98) for chondral and osteochondral
lesions has been reported. Examples are MACI
(Matrix associated ACI) and Hyalograft C (FAB,
Bologna, Italy) both are under investigation (6, 70),
but prospective randomised trials are needed before
advocating a broader use.
The artificial matrices should be biodegradable
at the appropriate rate and biocompatible to allow
the cells to colonise the scaffolds. The chondrocytes must be capable of multiplying and maintaining their original phenotype with the production of
cartilage-specific matrix components such as
aggrecan and type II collagen. The artificial matrices offer the advantage of an initial support to the
chondrocytes, making the implant in theory initially biomechanically superior to the original technique of injecting the cells as a suspension under a
periosteal flap.
Allogeneic chondrocyte implantation
When allogeneic chondrocytes are used, the surgical procedure can be performed in one step, but
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Table II. — Exclusion Criteria
Local

Systemic

Osteoarthritis (ACR criteria)
Joint stiffness
Arthrofibrosis
Malalignment if not corrected
Resection of meniscus more
than 50%
Ligamentous lesions
Patello-femoral malalignment if not corrected
Implanted carbon rods
Inflammatory joint diseases

Chronic infectious diseases
Tumors
Metabolic arthropathy
Auto-immune disease
Borreliosis
Severe neurological disease
Obesity
Alcohol or Drug Addiction
Psychiatric conditions with
reduced complicance
Pregnancy

the long term safety of the use of allogeneic cells
is not known, and therefore their use needs to
be restricted to experimental treatments in welldefined patient populations and using patient
consent forms.
Follow-up and rehabilitation
In the early phase the graft needs protection.
Training principles and guidelines specific for cartilage repair need to be identified more closely in
the future (44). The primary goals of rehabilitation
are stimulating local adaptation/remodelling of the
repair and return to previous function. Within the
wide array of rehabilitation schedules in the literature, there is an overall agreement that controlled
weight bearing for graft protection is a necessity.
The way this is achieved though, varies substantially.
There is no standard rehabilitation schedule for
mobilisation and functional strength training, in
other words, rehabilitation must be tailored to the
individual patient.
Most important is the localisation of the repair
site and its size. For a defect in the tibiofemoral
joint immediate full range of movement (FROM) is
allowed with very gentle build up. Weight bearing
is allowed two weeks after implantation with 10 kg
weekly increments, to reach full weight bearing at
8 to 10 weeks. Additional physiotherapy measures
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are useful (e.g. closed kinetic chain exercises).
Sports activities that do not cause overload of the
knee are allowed after three months, e.g. swimming
and stationary bicycle. Circulation exercises for the
knee are crucial for nutrition of the newly forming
tissue (44, 95).
In patellofemoral defects immediate weight
bearing is allowed as tolerated. Range of motion is
restricted in the first six weeks and only then is
FROM allowed.
Other factors are age, previous activity level,
concomitant surgical procedures and patient compliance. Continued patient motivation over a longer
time is crucial, due to the extent of the rehabilitation over time.
Evaluation of results after ACI
It is important for the evaluation of ACI to capture and report adverse events, peri-operative complications and failures in combination with their
probable cause (e.g. cell quality, indication, clinical
outcome, etc). This guarantees good clinical outcome and in the end the quality assurance of this
method (9, 101). At this moment we advise a
prospective follow-up of the patients using validated clinical scoring systems (e.g. Knee injury and
Osteoarthritis Outcome Score (KOOS) or ICRS)
preoperatively and at least once a year after implantation. The evaluation has to capture subjective and
objective parameters. The simultaneous use of disease specific and generic scores (Lysholm, Tegner,
Cincinati, SF 36) is an adjunct. Morphological control of defect regeneration is advised using MRI
with cartilage specific sequences, also at least at
one year and yearly thereafter. Recommended
sequences are T2, proton density, 2D Fast Spin
Echo and 3D Gradient Echo (ICRS imaging
recommendations : www.cartilage.org) (72, 73, 86).
Second look arthroscopy
Second look arthroscopy is only recommended
in case of justifiable complications or in individual
cases that are ethically defendable for scientific
reasons, only after a thorough and full explanation
to the patient (informed consent procedure).
Acta Orthopædica Belgica, Vol. 73 - 2 - 2007
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Histological and MRI evaluation
To increase the validity of histological evaluation at least two independent experts in the field
have to examine the biopsy. The biopsy, a 1cm
long cartilage-bone plug, is collected using a
cannula of maximum 2mm diameter. The analysis
is best classified according to ICRS standards (68).
The major limitation of a biopsy is that it only
constitutes a momentary view of a certain zone of
the repair tissue. In a study of 94 patients with 2- to
9-years follow-up, Peterson et al found that the
results differed depending on the defect location.
Histological analysis of 37 biopsies of those
patients showed a correlation between hyaline-like
tissue and good to excellent clinical outcome (85).
Roberts et al (87) looked at 10 biopsies between 9
and 30 months and saw a continuous remodelling
from an initial fibro-cartilaginous matrix via enzymatic degradation and synthesis of newly formed
type II collagen. The findings of this study indicate
that ACI is not only capable of cartilage repair but
in some cases also capable of regeneration.
Evaluation of the repair site by other means than
a biopsy is a necessary next step in the study of
treatment results. The role of MRI in the evaluation
of cartilage lesions has been the subject of controversy. Gelb et al (40) in 1996 concluded that MRI
had low sensitivity for chondral lesions, whereas
Roberts and colleagues in 2003 found better
results (40, 88). Interestingly, Roberts et al also
noted that the quality of cartilage inproved over
time. Brown et al found in a non-randomised controlled trial, that sensitive MRI techniques show
better results with ACI than with microfracture (21).
Marlovits et al (72) in 2005, studied the validity and
reliability of MRI in the assessment of autologous
chondrocyte implantation (ACI) in the knee joint
2 years after implantation. Nine pertinent variables
were analysed with high-resolution MRI, including
filling of the defect, integration of the border zone
to the adjacent cartilage, the subchondral lamina,
the subchondral bone, signal intensity of the repair
tissue. An intra-class correlation coefficient (ICC)
of more than 0.81 for 8 of the 9 variables showed
an “almost perfect” agreement. The correlation
between clinical outcome (Visual Analogue Scale
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and Knee injury and Osteoarthritis Outcome Score)
and MRI variables as “filling of the defect”, “structure of the repair tissue”, “changes in the subchondral bone” and “signal intensities of the repair
issue” was statistically significant (72).
Health-economic aspects of ACI
The clinical results obtained in the aforementioned strict indications, convinced the international orthopaedic community about the safety and
efficacy of ACI. More and more evidence is coming forth that ACI, when compared to other biological procedures, can be economically beneficial. To
obtain reimbursement of expenses this is the third
important criterion, next to safety and efficacy.
Health-economic analyses of longer term prospective data became available only recently. Minas et
al in a study of 44 patients, concluded that ACI
improved the Quality Of Life (QOL) and was a
cost effective method in circumscribed cartilage
lesions (74). Lindahl et al (65) have examined the
total direct economic burden in 57 patients with
full-thickness chondral lesions of the knee. They
saw a dramatic reduction in costs for absenteeism
(SEK 9,508 = € 991) and medical treatment (SEK
7,050 = € 734), compared to the 10-year period
prior to ACI (SEK 982,457 = € 102339 and SEK
47,000 = € 4895 respectively). Forty-nine of the
57 patients improved clinically as a result of ACI
treatment. A German Cost Effectiveness Analysis
of ACI based on review of the literature concluded
that per 1000 ACI treatments, 310 total knee
replacement operations and 3 surgery-related
deaths can be avoided. The authors concluded that
cost-effectiveness of ACI appears to be superior to
conventional treatment options (100). More recent
mid and long term studies, prospective randomised
trials and better insight in the natural history of cartilage lesions bring support to this conclusion (41).
ACI today is the only reliable biological reconstruction method for localised cartilage defects of
4 cm2 or more. Without biological reconstruction
cartilage injuries predispose to disabling
osteoarthritis, a huge socioeconomic burden to
society. Increasing incongruence of a joint surface,
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which in time becomes a larger defect zone, has
been shown to be an important risk factor in the
development of osteoarthritis (81). ACI helps to
deter costs of reiterative surgery, frequent absenteeism and early joint replacement and to postpone
definitive surgery (27).
However, results from a large prospective randomised trial comparing chondrocyte implantation
with microfracture must give better insight in the
place of both techniques in the treatment of cartilage defects.
Future developments
Since the original description of ACI in 1994
many new techniques and technique modifications
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have been reported (19). To guarantee the continuous improvement of biological effectiveness and to
ensure the safety of any new or modified procedure
to treat cartilage defects (such as matrix implants,
growth factors, etc) research has to be conducted
following these four subsequent steps :
1) In vitro research on growth and differentiation
behaviour of chondrocytes and mesenchymal
stem cells.
2) Experiments in adult animal models to explore
growth and differentiation behaviour of chondrocytes, with full documentation on safety and
efficacy, long term (> 6 months) examination of
the implant histology and mechanical testing of
the regenerative tissue.

Fig. 1. — Femoral cartilage treatment algorithm
Treatment algorithm for cartilage lesions on the femoral condyles. In the treatment of these defects, alignment, ligaments and meniscus have to be corrected adequately to increase the long term success rate. In the larger lesions microfracture remains an alternative
depending on patient age, concomitant ACL lesion, time to return to sports and site of the lesion on the condyle.

Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

154

J. VANLAUWE, F. ALMQVIST, J. BELLEMANS, J.-P. HUSKIN, R. VERDONK, J. VICTOR

Fig. 2. — Patellar and trochlear cartilage treatment algorithm
Treatment algorithm for patellar and trochlear cartilage lesions. Alignment of the extensor apparatus has to be corrected to increase
the chances for a good long term clinical outcome.

3) Exploratory human studies preferably using
less invasive methods, long term examination of
the implant (> 12 months), thorough evaluation
of safety and toxicity and unforeseen events,
examination of the immunological response
(cartilage specific antigens), if possible in a
prospective randomised controlled way.
4) Confirmatory human prospective randomised
studies for long term follow-up of the clinical
results through regular contact with patients.
Results have to be validated, documented and
published.
CONCLUSION
The working group of the Belgian Orthopaedic
societies on cartilage repair in the knee recommends the following treatment modalities :
1. Lavage and debridement are mostly indicated in
degenerative arthritis with mechanical symptoms.
Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

2. Microfracture is still the most widely used treatment option for small full thickness lesions
(< 2 cm2) of the femoral condyles and the
patella.
3. For larger lesions (> 2 cm2) ACI should be part
of the treatment strategy. Increasing evidence
from recent studies shows that microfracture
repair tissue has a limited lifespan. Results from
a large prospective randomised trial comparing
chondrocyte implantation with microfracture
might give better insight in the place of both
techniques in the treatment algorithm.
4. OATS as a “single plug” treatment is a good
option next to microfracture, for smaller
lesions on the femoral condyles, especially in a
young and sportive population. It is not advised
for treatment of patellar lesions. Mosaicplasty
and OATS are good second line options for
full thickness cartilage lesions of less than
3 cm2.
5. In larger lesions fresh osteochondral allografts
can be considered although availability of
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viable allografts and disease transmission might
be a problem.
6. Any new and emerging treatment should be
scrutinised against standard treatments before
generalised use as outlined in the recommendations above.
The treatment algoritms presented in fig. 1 and 2
adapted from the guidelines presented at the AAOS
in 2005 (69). According to AAOS the lower limit
is 2 cm2.
These guidelines also apply to adult OCD. In
adolescent OCD, conservative treatment is first
choice (35, 66). In a grade 3 lesion, re-fixation of the
fragment or removal and microfracture of the
defect bed are first line treatments. Microfracture
of the lesion bed will cause a “moving up” of the
bone front (21) and can obviate the need for a bone
graft in larger lesions where ACI treatment is likely to follow in a second stage, provided the bony
lesion is not deeper than 6 to 8 mm (84).
Arthroscopic lavage and debridement and marrow stimulation techniques provide only temporary
symptom relief due to the limited durability of the
repair tissue. This may change with the advent of
ACI, showing durable repair tissue and promising
long term results.
REFERENCES
1. Almqvist KF, Wang L, Wang J et al. Culture of
chondrocytes in alginate surrounded by fibrin gel :
characteristics of the cells over a period of eight weeks.
Ann Rheum Dis 2001 ; 60 8 : 781-790.
2. Angermann P, Riegels-Nielsen P, Pedersen H.
Osteochondritis dissecans of the femoral condyle treated
with periosteal transplantation. Poor outcome in
14 patients followed for 6-9 years. Acta Orthop Scand
1998 ; 69 6 : 595-597.
3. Aroen A, Loken S, Heir S et al. Articular cartilage
lesions in 993 consecutive knee arthroscopies. Am J
Sports Med 2004 ; 32 : 211-215.
4. Aubin PP, Cheah HK, Davis AM et al. Long-term
followup of fresh femoral osteochondral allografts for
posttraumatic knee defects. Clin Orthop 2001 ; 391
Suppl, S318-S327.
5. Barbero A, Grogan S, Schafer D et al. Age related
changes in human articular chondrocyte yield, proliferation and post-expansion chondrogenic capacity. Osteoarthritis Cartilage 2004 ; 12 : 476-484.

155

6. Bartlett W, Gooding CR, Carrington RW et al.
Autologous chondrocyte implantation at the knee using a
bilayer collagen membrane with bone graft. A preliminary report. J Bone Joint Surg 2005 ; 87-B : 330-332.
7. 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 : 640-645.
8. Baumgaertner MR, Cannon WD, Jr., Vittori JM et al.
Arthroscopic debridement of the arthritic knee. Clin
Orthop 1990 ; 253 : 197-202.
9. Behrens P, Bosch U, Bruns J et al. [Recommendations
for indication and application of ACT of the Joined
Advisory Board of the German Societies for Traumatology (DGU) and Orthopaedic Surgery (DGOOC).].
Z Orthop Ihre Grenzgeb 2004 ; 142 : 529-539.
10. Bentley G, Biant LC, Carrington RW et al. A prospective, randomised comparison of autologous chondrocyte
implantation versus mosaicplasty for osteochondral
defects in the knee. J Bone Joint Surg 2003 ; 85-B : 223230.
11. Benz K, Breit S, Lukoschek M et al. Molecular analysis
of expansion, differentiation, and growth factor treatment
of human chondrocytes identifies differentiation markers
and growth-related genes. Biochem Biophys Res Commun
2002 ; 293 :284-292.
12. Bert JM. Role of abrasion arthroplasty and debridement
in the management of osteoarthritis of the knee. Rheum
Dis Clin North Am 1993 ; 19 : 725-739.
13. Bert JM, Maschka K. The arthroscopic treatment of unicompartmental gonarthrosis : a five-year follow-up study
of abrasion arthroplasty plus arthroscopic debridement
and arthroscopic debridement alone. Arthroscopy 1989 ;
5 : 25-32.
14. Billings E Jr, von Schroeder HP, Mai MT et al.
Cartilage resurfacing of the rabbit knee. The use of an
allogeneic demineralized bone matrix-autogeneic perichondrium composite implant. Acta Orthop Scand 1990 ;
61 : 201-206.
15. Bobic V. Arthroscopic osteochondral autograft transplantation in anterior cruciate ligament reconstruction : a preliminary clinical study. Knee Surg Sports Traumatol
Arthrosc 1996 ; 3 : 262-264.
16. Bobic V. [Autologous osteo-chondral grafts in the
management of articular cartilage lesions]. (German)
Orthopäde. 1999 ; 28 : 19-25.
17. Bonassar LJ, Frank EH, Murray JC et al. Changes in
cartilage composition and physical properties due to
stromelysin degradation. Arthritis Rheum 1995 ; 38 2 :
173-183.
18. Brittberg M, Faxen E, Peterson L. Carbon fiber scaffolds in the treatment of early knee osteoarthritis. A
prospective 4-year follow-up of 37 patients. Clin Orthop
1994 ; 307 : 155-164.

Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

156

J. VANLAUWE, F. ALMQVIST, J. BELLEMANS, J.-P. HUSKIN, R. VERDONK, J. VICTOR

19. Brittberg M, Lindahl A, Nilsson A et al. Treatment of
deep cartilage defects in the knee with autologous chondrocyte transplantation. N Engl J Med 1994 ; 331 14 :
889-895.
20. Brittberg M, Peterson L, Sjogren-Jansson E et al.
Articular cartilage engineering with autologous
chondrocyte transplantation. A review of recent developments. J Bone Joint Surg. 2003 ; 85-A Suppl 3, 109115.
21. Brown WE, Potter HG, Marx RG et al. Magnetic resonance imaging appearance of cartilage repair in the knee.
Clin Orthop 2004 ; 422 : 214-223.
22. Buckwalter JA. Articular cartilage injuries. Clin Orthop
2002 ; 402 : 21-37.
23. Buckwalter JA, Mankin HJ. Articular cartilage : degeneration and osteoarthritis, repair, regeneration, and transplantation. Instr Course Lect 1998 ; 47 : 487-504.
24. Bugbee WD. Fresh osteochondral allografts. J Knee Surg
2002 ; 15 3, 191-195.
25. Bugbee WD, Convery FR. Osteochondral allograft
transplantation. Clin Sports Med 1999 ; 18 : 67-75.
26. Buma P, Pieper JS, van Tienen T et al. Cross-linked
type I and type II collagenous matrices for the repair of
full-thickness articular cartilage defects-A study in rabbits. Biomaterials 2003 ; 24 19, 3255-3263.
27. Clar C, Cummins E, McIntyre L et al. Clinical and
cost-effectiveness of autologous chondrocyte implantation for cartilage defects in knee joints : systematic
review and economic evaluation. Health Technol Assess
2005 ; 9 : 1-82.
28. Cohen SB, Meirisch CM, Wilson HA et al. The use of
absorbable co-polymer pads with alginate and cells for
articular cartilage repair in rabbits. Biomaterials 2003 ;
24 : 2653-2660.
29. Curl WW, Krome J, Gordon ES et al. Cartilage
injuries : a review of 31,516 knee arthroscopies.
Arthroscopy 1997 ; 13 : 456-460.
30. Dausse Y, Grossin L, Miralles G et al. Cartilage repair
using new polysaccharidic biomaterials : macroscopic,
histological and biochemical approaches in a rat model
of cartilage defect. Osteoarthritis Cartilage 2003 ; 11 :
16-28.
31. Dell’Accio F, De Bari C, Luyten FP. Molecular markers
predictive of the capacity of expanded human articular
chondrocytes to form stable cartilage in vivo. Arthritis
Rheum 2001 ; 44 : 1608-1619.
32. Dervin GF, Stiell IG, Rody K et al. Effect of arthroscopic debridement for osteoarthritis of the knee on
health-related quality of life. J Bone Joint Surg 2003 ; 85A : 10-19.
33. Domm C, Schunke M, Steinhagen J et al. Influence of
various alginate brands on the redifferentiation of dedifferentiated bovine articular chondrocytes in alginate bead
culture under high and low oxygen tension. Tissue Eng
2004 ; 10 : 1796-1805.

Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

34. Erggelet C, Sittinger M, Lahm A. The arthroscopic
implantation of autologous chondrocytes for the treatment of full-thickness cartilage defects of the knee joint.
Arthroscopy 2003 ; 19 : 108-110.
35. Federico DJ, Lynch JK, Jokl P. Osteochondritis dissecans of the knee : a historical review of etiology and treatment. Arthroscopy 1990 ; 6 : 190-197.
36. Fond J, Rodin D, Ahmad S et al. Arthroscopic debridement for the treatment of osteoarthritis of the knee : 2and 5-year results. Arthroscopy 2002 ; 18 : 829-834.
37. Freed LE, Marquis JC, Nohria A et al. Neocartilage
formation in vitro and in vivo using cells cultured on synthetic biodegradable polymers. J Biomed Mater Res
1993 ; 27 : 11-23.
38. Gaissmaier C, Fritz J, Krackhardt T et al. Effect of
human platelet supernatant on proliferation and matrix
synthesis of human articular chondrocytes in monolayer
and three-dimensional alginate cultures. Biomaterials
2005 ; 26 : 1953-1960.
39. Gaissmaier C, Fritz J, Mollenhauer J et al. Verlauf
klinisch symptomatischer Knorpelschäden des Kniegelenks : Ergebnisse ohne und mit biologischer
Rekonstruktion. Deutsches Ärzteblatt. 2003 ; 100 : 24482453.
40. Gelb HJ, Glasgow SG, Sapega AA et al. Magnetic resonance imaging of knee disorders. Clinical value and
cost-effectiveness in a sports medicine practice. Am J
Sports Med 1996 ; 24 : 99-103.
41. Gelber AC, Hochberg MC, Mead LA et al. Joint injury
in young adults and risk for subsequent knee and hip
osteoarthritis. Ann Intern Med 2000 ; 133 : 321-328.
42. Gross AE. Repair of cartilage defects in the knee. J Knee
Surg 2002 ; 15 : 167-169.
43. Haddo O, Mahroof S, Higgs D et al. The use of chondrogide membrane in autologous chondrocyte implantation. Knee 2004 ; 11 : 51-55.
44. Hambly K, Bobic V, Wondrasch B et al. Autologous
chondrocyte implantation postoperative care and rehabilitation : Science and practice. Am J Sports Med 2006 ;
34 : 1020-1038.
45. Hangody L, Feczko P, Bartha L et al. Mosaicplasty for
the treatment of articular defects of the knee and ankle.
Clin Orthop 2001 ; 391 Suppl, S328-S336.
46. Hangody L, Fules P. Autologous osteochondral mosaicplasty for the treatment of full-thickness defects of
weight-bearing joints : ten years of experimental and
clinical experience. J Bone Joint Surg 2003 ; 85-A Suppl
2 : 25-32.
47. Hangody L, Karpati Z. [New possibilities in the management of severe circumscribed cartilage damage in the
knee]. (Hungarian) Magy Traumatol Ortop Kezseb
Plasztikai Seb 1994 ; 37 : 237-243.
48. Hangody L, Rathonyi GK, Duska Z et al. Autologous
osteochondral mosaicplasty. Surgical technique. J Bone
Joint Surg 2004 ; 86-A Suppl 1 : 65-72.

THE PLACE OF AUTOLOGOUS CHONDROCYTE IMPLANTATION

49. Hankemeier S, Muller EJ, Kaminski A et al. [10-year
results of bone marrow stimulating therapy in the treatment of osteochondritis dissecans of the talus]. (German).
Unfallchirurg 2003 ; 106 : 461-466.
50. Harrison PE, Ashton IK, Johnson WE et al. The in
vitro growth of human chondrocytes. Cell Tissue Bank
2000 ; 1 : 255-260.
51. Henderson I, Tuy B, and Oakes B. Reoperation after
autologous chondrocyte implantation. Indications and
findings. J Bone Joint Surg 2004 ; 86-B : 205-211.
52. Hjelle K, Solheim E, Strand T et al. Articular cartilage
defects in 1,000 knee arthroscopies. Arthroscopy 2002 ;
18 : 730-734.
53. Homminga GN, Buma P, Koot HW et al. Chondrocyte
behavior in fibrin glue in vitro. Acta Orthop Scand 1993 ;
64 : 441-445.
54. Horas U, Pelinkovic D, Herr G et al. Autologous chondrocyte implantation and osteochondral cylinder transplantation in cartilage repair of the knee joint : a prospective, comparative trial. J Bone Joint Surg 2003 ; 85-A :
185-192.
55. Hubbard MJ. Articular debridement versus washout for
degeneration of the medial femoral condyle. A five-year
study. J Bone Joint Surg 1996 ; 78 : 217-219.
56. Hunziker EB. Articular cartilage repair : basic science
and clinical progress. A review of the current status and
prospects. Osteoarthritis .Cartilage 2002 ; 10 : 432-463.
57. Jakob RP, Franz T, Gautier E et al. Autologous osteochondral grafting in the knee : indication, results, and
reflections. Clin Orthop 2002 ; 401 : 170-184.
58. Johnson LL. Arthroscopic abrasion arthroplasty : a
review. Clin Orthop 2001 ; 391 Suppl, S306-S317.
59. Johnson LL. A controlled trial of arthroscopic surgery
for osteoarthritis of the knee. Arthroscopy 2002 ; 18 :
683-687.
60. Jones G, Ding C, Zhai G et al. Chondral defects :
Genetic contribution and relevance and associations with
pain, age, body mass index, joint surface area, cartilage
volume and radiographic features of osteoarthritis. ACR
Annual meeting. 2004.
61. Knutsen G, Engebretsen L, Ludvigsen TC et al.
Autologous chondrocyte implantation compared with
microfracture in the knee. A randomized trial. J Bone
Joint Surg 2004 ; 86-A : 455-464.
62. Kreuz PC, Erggelet C, Steinwachs MR et al. Is
microfracture of chondral defects in the knee associated
with different results in patients aged 40 years or
younger ? Arthroscopy 2006 ; 22 :1180-1186.
63. Krishnan SP, Skinner JA, Bartlett W et al. Who is
the ideal candidate for autologous chondrocyte implantation ? J Bone Joint Surg 2006 ; 88-B : 61-64.
64. Lemare F, Steimberg N, Le GC et al. Dedifferentiated
chondrocytes cultured in alginate beads : restoration of the
differentiated phenotype and of the metabolic responses to
interleukin-1beta. J Cell Physiol 1998 ; 176 : 303-313.

157

65. Lindahl A, Brittberg M, Peterson L. Health economics
benefits following autologous chondrocyte transplantation for patients with focal chondral lesions of the
knee. Knee Surg Sports Traumatol Arthrosc 2001 ; 9 :
358-363.
66. Linden B. The incidence of osteochondritis dissecans in
the condyles of the femur. Acta Orthop Scand 1976 ; 47 :
664-667.
67. Madsen BL, Noer HH, Carstensen JP et al. Long-term
results of periosteal transplantation in osteochondritis
dissecans of the knee. Orthopedics 2000 ; 23 : 223-226.
68. Mainil-Varlet P, Aigner T, Brittberg M et al.
Histological assessment of cartilage repair : A report by
the Histology Endpoint Committee of the International
Cartilage Repair Society (ICRS). J Bone Joint Surg
2003 ; 85-A Suppl 2, 45-57.
69. Mandelbaum B, Gersoff WK, Bugbee WD et al.
Articular cartilage injury in the athlete : treatment options
in 2005. AAOS annual meeting. 2005 ; ICL 286.
70. Marcacci M, Berruto M, Brocchetta D. Articular cartilage engineering with Hyalograft(R) C : 3-Year clinical
results. Clin Orthop 2005 ; 435 : 96-105.
71. Marijnissen WJ, van Osch GJ, Aigner J et al. Alginate
as a chondrocyte-delivery substance in combination with
a non-woven scaffold for cartilage tissue engineering.
Biomaterials 2002 ; 23 : 1511-1517.
72. Marlovits S, Singer P, Zeller P et al. Magnetic resonance observation of cartilage repair tissue (MOCART)
for the evaluation of autologous chondrocyte transplantation : Determination of interobserver variability and correlation to clinical outcome after 2 years. Eur J Radiol
2006 ; 57 : 16- 23.
73. Marlovits S, Striessnig G, Resinger CT et al. Definition
of pertinent parameters for the evaluation of articular
cartilage repair tissue with high-resolution magnetic
resonance imaging. Eur J Radiol 2004 ; 52 : 310-319.
74. Minas T. Chondrocyte implantation in the repair of
chondral lesions of the knee : economics and quality of
life. Am J Orthop 1998 ; 27 : 739-744.
75. Minas T, Peterson L. Advanced techniques in autologous chondrocyte transplantation. Clin Sports Med 1999 ;
18 : 13-44.
76. Mithofer K, Minas T, Peterson L et al. Functional
outcome of knee articular cartilage repair in adolescent
athletes. Am J Sports Med 2005 ; 33 : 1147-1153.
77. Mithofer K, Williams RJ, III, Warren RF et al. The
microfracture technique for the treatment of articular
cartilage lesions in the knee. A prospective cohort study.
J Bone Joint Surg 2005 ; 87 : 1911-1920.
78. Moseley JB, O’Malley K, Petersen NJ et al. A controlled trial of arthroscopic surgery for osteoarthritis of
the knee. N Engl J Med 2002 ; 347 : 81-88.
79. Nehrer S, Spector M, Minas T. Histologic analysis of
tissue after failed cartilage repair procedures. Clin Orthop
1999 ; 365 : 149-162.

Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

158

J. VANLAUWE, F. ALMQVIST, J. BELLEMANS, J.-P. HUSKIN, R. VERDONK, J. VICTOR

80. Ogilvie-Harris DJ, Fitsialos DP. Arthroscopic management of the degenerative knee. Arthroscopy 1991 ; 7 :
151-157.
81. Otte P. Physiologie der Gelenkerhaltung. In : Otte P. (ed).
Der Arthrose-Prozess. Gelenkerhaltung - Gefährdung Destruktion. Novartis Pharma Verlag, Nürnberg, 2000,
pp 7-192.
82. Passler HH. [Microfracture for treatment of cartilage
detects]. (German) Zentralbl Chir 2000 ; 125 : 500-504.
83. Pavesio A, Abatangelo G, Borrione A et al.
Hyaluronan-based scaffolds (Hyalograft C) in the
treatment of knee cartilage defects : preliminary clinical
findings. Novartis Found Symp 2003 ; 249 : 203-217.
84. Peterson L, Minas T, Brittberg M et al. Treatment of
osteochondritis dissecans of the knee with autologous
chondrocyte transplantation : results at two to ten years.
J Bone Joint Surg 2003 ; 85-A Suppl 2, 17-24.
85. Peterson L, Minas T, Brittberg M et al. Two- to 9-year
outcome after autologous chondrocyte transplantation of
the knee. Clin Orthop 2000 ; 374 : 212-234.
86. Recht M, Bobic V, Burstein D et al. Magnetic resonance
imaging of articular cartilage. Clin Orthop 2001 ; 391
Suppl, S379-S396.
87. Roberts S, Hollander AP, Caterson B et al. Matrix
turnover in human cartilage repair tissue in autologous
chondrocyte implantation. Arthritis Rheum 2001 ; 44 :
2586-2598.
88. Roberts S, McCall IW, Darby AJ et al. Autologous
chondrocyte implantation for cartilage repair : monitoring its success by magnetic resonance imaging and
histology. Arthritis Res Ther 2003 ; 51 : R60-R73.
89. Saris DB, Dhert WJ, Verbout AJ. Joint homeostasis.
The discrepancy between old and fresh defects in cartilage repair. J Bone Joint Surg 2003 ; 85-B : 1067-1076.
90. Schneider U,Andereya S. [First results of a prospective
randomized clinical trial on traditional chondrocyte transplantation vs CaReS-Technology]. (German) Z Orthop
Ihre Grenzgeb 2003 ; 141 : 496-497.
91. Schuman L, Buma P, Versleyen D et al. Chondrocyte
behaviour within different types of collagen gel in vitro.
Biomaterials 1995 ; 16 : 809-814.

Acta Orthopædica Belgica, Vol. 73 - 2 - 2007

92. Solchaga LA, Temenoff JS, Gao J et al. Repair of osteochondral defects with hyaluronan- and polyester-based
scaffolds. Osteoarthritis Cartilage 2005 ; 13 : 297-309.
93. Steadman JR, Briggs KK, Rodrigo JJ et al. Outcomes
of microfracture for traumatic chondral defects of the
knee : average 11-year follow-up. Arthroscopy 2003 ; 19 :
477-484.
94. Steadman JR, Rodkey WG, Rodrigo JJ. Microfracture : surgical technique and rehabilitation to treat
chondral defects. Clin Orthop 2001 ; 391 Suppl, S362S369.
95. Steinwachs MR, Erggelet C, Lahm A et al. [Clinical
and cell biology aspects of autologous chondrocytes
transplantation]. (German) Unfallchirurg 1999 ; 102 :
855-860.
96. van Susante JL, Buma P, Homminga GN et al.
Chondrocyte-seeded hydroxyapatite for repair of large
articular cartilage defects. A pilot study in the goat.
Biomaterials 1998 ; 19 : 2367-2374.
97. van Susante JL, Buma P, Schuman L et al. Resurfacing
potential of heterologous chondrocytes suspended in
fibrin glue in large full-thickness defects of femoral
articular cartilage : an experimental study in the goat.
Biomaterials 1999 ; 20 : 1167-1175.
98. van Susante JL, Buma P, van Osch GJ et al. Culture of
chondrocytes in alginate and collagen carrier gels. Acta
Orthop Scand 1995 ; 66 : 549-556.
99. Wakitani S, Goto T, Young RG et al. Repair of large
full-thickness articular cartilage defects with allograft
articular chondrocytes embedded in a collagen gel. Tissue
Eng 1998 ; 4 : 429-444.
100. Wildner M, Behren C, Sangha O. Economic evaluation
of autologous chondrocyte transplantation (ACT).
Arthroskopie 2000 ; 13 : 123-131.
101. Wood JJ, Malek MA, Frassica FJ et al. Autologous cultured chondrocytes : adverse events reported to the
United States Food and Drug Administration. J Bone
Joint Surg 2006 ; 88-A : 503-507.
102. Zheng MH, King E, Kirilak Y et al. Molecular characterisation of chondrocytes in autologous chondrocyte
implantation. Int J Mol Med 2004 ; 13 : 623-628.

