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ORIGINAL RESEARCH

Comparative Evaluation of Autologous Chondrocyte
Implantation and Mosaicplasty

A Multicentered Randomized Clinical Trial

Beatrice Dozin, PhD,* Mara Malpeli, PhD,* Ranieri Cancedda, MD,*  Paolo Bruzzi, MD,à
Silvano Calcagno, MD,¤ Luigi Molfetta, MD,¤k Ferdinando Priano, MD,¤k

Elisaveta Kon, MD,¦ and Maurilio Marcacci, MD¦

Objective: To compare the respective performance and effective-
ness of autologous chondrocyte implantation (ACI) and mosaicplasty
at resurfacing local full-thickness chondral defects of the knee.

Design:Randomized clinical trial.

Setting: Multicenter trial at orthopedic clinics and university hos-
pitals conducted from 1997 to 2000.

Patients: A population of patients selected according to eligibility
criteria of age, traumatic origin of the defect, its localization, size, and
gravity, and above all, no previous surgical treatment of the lesion.
Forty-seven patients were randomly assigned to ACI or mosaicplasty
and subjected to arthroscopic debridement of the lesion at the time of
enrollment. They were called for surgery 6 months after the initial
debridement.

Main Outcome: Improved knee functionality as assessed by
repeated clinical evaluation based on the International Knee Docu-
mentation Committee Scale and the Lysholm Knee Scoring Scale.

Results: Fourteen patients (31.8%) experienced substantial im-
provement following the initial debridement and, being clinically
cured, received no further treatment. Seven patients (15.9%) were lost
to follow-up. Among the 23 patients (52.3%) who could effectively
be evaluated, a complete recovery (ie, Lysholm Knee Scoring Scale
score, 90Ð100) was observed upon clinical examination in 88% of the
mosaicplasty-treated patients and in 68% of the ACI-treated ones (P =
0.093).

Conclusions: Although the low power of our study prevents
deÞnitive conclusions, ACI and mosaicplasty are cartilage repair
techniques that are clinically equivalent and similar in performance.
The high percentage of spontaneous improvement (1/3 of the patients)
observed after simple debridement calls into question the need for
prompt surgical treatment of patients with lesions similar to those
included in this clinical trial. Moreover, this Þnding warrants further
investigation, ideally through randomized clinical trials in which
patients subjected to debridement alone are compared with patients
undergoing reconstructive surgery.

Key Words: articular cartilage, traumatic lesion, autologous
chondrocyte implantation, mosaicplasty, randomized study

(Clin J Sport Med2005;15:220Ð226)

Damage to articular cartilage is a major challenge for the
orthopedic community due to the limited self-renewal

capacity of this tissue. Lack of vascularization and of
penetration by lymphatic vessels1 severely limits healing of
cartilage defects that are superÞcial to the subchondral plate.
These lesions do not repair spontaneously and are analogous to
those observed during the early phase of osteoarthritis.2,3

Deeper lesions penetrating the vascularized subchondral bone
are repaired to some extent as mesenchymal chondroproge-
nitor stem cells invade the lesion, differentiate into chondro-
cytes, and form cartilage.4 However, the repair is only transient:
the tissue is Þbrous in nature and does not have the functional
properties of native hyaline cartilage, thus making it more vul-
nerable to the action of free radicals, metalloproteinases, and
catabolic cytokines.5,6 Sustained damage of the joint and ma-
trix breakdown quite often lead to clefts and Þssures on the ar-
ticular surface and to the onset of degenerative joint diseases
such as osteoarthritis.7Ð11

Full-thickness chondral lesions of the knee, which can
be osteochondritis desiccans, fracture, or chondromalacia, are
particularly problematic in young individuals and athletes,
because not all the joint treatments available today are suitable
for them. For instance, total knee replacement that can be
performed in severely injured and disabled elderly people is
not advisable for younger patients with similar joint dys-
function due to the limited lifetime of the prostheses.12,13
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�  RCT:   22 ACI-P vs. 22 Mosaikplastik 

�  59% med., 11% at femur , 30 % patella 

�  FU: 10 Mo  

�  beide Gruppen signif. Verbesserung klinisch 
(Lysholm, IKDC) 

�  keine signif. Unterschiede zwischen Gruppen 
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�  RCT: 40 MF vs. 40 ACI-P  

�  Med (89%) & lat. (11%) Tibiofem. 

�  Signif. Besserung in beiden Gruppen (ICRS, Lysholm, 

SF-36, Tegner, VAS100pain) (nach 2a & 5a) - Keine 

signifikanten Unterschiede zwischen MF und ACI-P 

�  Auch keine Unterschiede zwischen Gruppen bzgl. 

makroskop. / histolog. Analyse (2a) 
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A Randomized Trial Comparing 
Autologous Chondrocyte 

Implantation with Microfracture
Findings at Five Years

By Gunnar Knutsen, MD, Jon Olav Drogset, MD, PhD, Lars Engebretsen, MD, PhD, 
Torbjørn Grøntvedt, MD, PhD, Vidar Isaksen, MD, Tom C. Ludvigsen, MD, Sally Roberts, PhD, 

Eirik Solheim, MD, PhD, Torbjørn Strand, MD, and Oddmund Johansen, MD, PhD

Investigation performed at the University Hospital North Norway and University of Tromsø, Tromsø, 
Trondheim University Hospital, Trondheim, Deaconess University Hospital Bergen, Bergen, Ullevål University 

Hospital Oslo, Oslo, Norway, and the Robert Jones and Agnes Hunt Orthopaedic Hospital, Shropshire, United Kingdom

Background: The optimal treatment for cartilage lesions has not yet been established. The objective of this random-
ized trial was to compare autologous chondrocyte implantation with microfracture. This paper represents an update,
with presentation of the clinical results at five years.

Methods: Eighty patients who had a single chronic symptomatic cartilage defect on the femoral condyle in a stable
knee without general osteoarthritis were included in the study. Forty patients were treated with autologous chondro-
cyte implantation, and forty were treated with microfracture. We used the International Cartilage Repair Society, Lys-
holm, Short Form-36, and Tegner forms to collect clinical data, and radiographs were evaluated with use of the
Kellgren and Lawrence grading system.

Results: At two and five years, both groups had significant clinical improvement compared with the preoperative sta-
tus. At the five-year follow-up interval, there were nine failures (23%) in both groups compared with two failures of the
autologous chondrocyte implantation and one failure of the microfracture treatment at two years. Younger patients
did better in both groups. We did not find a correlation between histological quality and clinical outcome. However,
none of the patients with the best-quality cartilage (predominantly hyaline) at the two-year mark had a later failure.
One-third of the patients in both groups had radiographic evidence of early osteoarthritis at five years.

Conclusions: Both methods provided satisfactory results in 77% of the patients at five years. There was no signifi-
cant difference in the clinical and radiographic results between the two treatment groups and no correlation between
the histological findings and the clinical outcome. One-third of the patients had early radiographic signs of osteoar-
thritis five years after the surgery. Further long-term follow-up is needed to determine if one method is better than the
other and to study the progression of osteoarthritis.

Level of Evidence: Therapeutic Level I. See Instructions to Authors for a complete description of levels of evidence.

Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or
grants in excess of $10,000 from the Norwegian Ministry of Health. Neither they nor a member of their immediate families received payments or
other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to
pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which
the authors, or a member of their immediate families, are affiliated or associated.
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�  RCT: 58 ACI-C/P vs. 42 Mosaikplastik 

�  med fem 52%, lat fem 18%, pat 25%, 

troch 3%, lat tib 1% 

�  FU: 10 Jahre ! 

�  ACI: signif. Mehr Knie Score 

Verbesserung  

�  Fehlerrate: ACI 17%  / Mosaicplasty 55% 
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utologous chondrocyte implantation (ACI) and 
mosaicplasty are both claimed to be successful for 

the repair of defects of the articular cartilage of the knee 
but there has been no comparative study of the two 
methods. A total of 100 patients with a mean age of 31.3 
years (16 to 49) and with a symptomatic lesion of the 
articular cartilage in the knee which was suitable for 
cartilage repair was randomised to undergo either ACI 
or mosaicplasty; 58 patients had ACI and 42 
mosaicplasty. Most lesions were post-traumatic and the 
mean size of the defect was 4.66 cm2. The mean duration 
of symptoms was 7.2 years and the mean number of 
previous operations, excluding arthroscopy, was 1.5. The 
mean follow-up was 19 months (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 repairs in 82% 
after ACI and in 34% after mosaicplasty. All five 
patellar mosaicplasties failed.

Our prospective, randomised, clinical trial has shown 
significant superiority of ACI 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 suggest that its continued use is of 
dubious value.

J Bone Joint Surg [Br]  2003;85-B:223-30.
Received 21 May 2002; Accepted after revision 26 September 2002

A

Autologous chondrocyte implantation (ACI)1 and
mosaicplasty2 have both been described for repair of sympto-
matic defects of the articular cartilage in the knee. The results
appear to be encouraging, but there are no prospective, ran-
domised, controlled clinical trials which compare the two
methods. We have therefore undertaken such a trial to com-
pare mosaicplasty with ACI for the repair of articular defects
of the femoral or tibial condyles and the patella. We also
report the use of a porcine collagen membrane (chondrogide)
to cover the defect in cartilage as an alternative to periosteum.

Patients and Methods

A total of 100 consecutive patients with a mean age of 31.3
years (16 to 49) and with symptomatic lesions of the articu-
lar cartilage of the knee was randomised to have either
mosaicplasty (42 patients) or ACI (58 patients). There were
57 men and 43 women with a mean age at the time of sur-
gery of 31.6 years (20 to 48) for those who underwent
mosaicplasty and 30.9 years (16 to 49) for those who under-
went ACI. The mean size of the defect was 4.66 cm2 (1 to
12.2) with 61 patients having defects in the right knee and
39 in the left. The study was approved by the Joint Research
and Ethical Committee of the Royal National Orthopaedic
Hospital Trust.

The aetiology and anatomical sites of the defects are
shown in Table I. Of the 100 knees, 46 (46%) had post-trau-

Table I. Aetiology and anatomical site of the defects found in the 100
patients with osteochondral defects in the knee, by number and percentage

Total ACI Mosaicplasty

Aetiology of defects
Trauma 46 (46) 24 (41) 22 (52)
Osteochondritis dissecans 19 (19) 14 (24) 5 (12)
Chondromalacia patellae 14 (14) 12 (21) 2 (5)
Other   21 (21) 8 (14) 13 (31)
Total 100 (100) 58 (100) 42 (100)

Anatomical distribution
Medial femoral condyle 53 (53) 24 (45) 29 (69)
Patella  25 (25) 20 (38) 5 (12)
Lateral femoral condyle 18 (18) 13 (25) 5 (12)
Trochlea 3 (3) 1 (2) 2 (5)
Lateral tibial condyle 1 (1) 0 (0) 1 (2)
Total 100 (100) 58 (100) 42 (100)

506 G. BENTLEY, L. C. BIANT, S. VIJAYAN, S. MACMULL, J. A. SKINNER, R. W. J. CARRINGTON
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At randomisation mosaicplasty patients had the proce-
dure performed through parapatellar arthrotomy. The
defect was debrided of macroscopically damaged cartilage
and the edges cut vertically. Mosaicplasty was mainly per-
formed using 4.5 mm diameter osteochondral plugs
obtained from the margin of the trochlea. If the defect was
large, additional plugs were harvested from the margin of
the intercondylar notch. The surface of the donor plugs was
matched to the recipient site, and care was taken not to
recess the plugs below the level of the host cartilage because
contact with the opposite articular surface during normal
knee movement ensures nutrition of the grafted plug chon-
drocytes.5 All defects treated by mosaicplasty had > 80%
cover with plugs. At the end of the procedure, the knee was
cycled through its range of movement several times to
check the position and stability of the plugs. The wound
was closed with absorbable sutures over a drain.

The rehabilitation protocol was identical for both oper-
ative techniques. A Robert-Jones type bandage was applied
and reinforced by a plaster-of-Paris (POP) backslab. The leg
was elevated for 12 hours post-operatively and the patient
encouraged to move the foot and ankle and perform iso-
metric quadriceps exercises. No movement of the knee was
allowed in this early phase to allow adherence of the cells to
the subchondral bone, and prevent detachment of the mem-
brane in ACI patients. At 24 hours post-operatively
patients were allowed to fully bear weight in the POP-
reinforced bandage to encourage fluid exchange in the
articular cartilage. At 48 hours the bandage was changed to
a lightweight POP cylinder in extension and the patient

then permitted to bear full weight with crutches and dis-
charged from hospital. At ten days post-operatively the
POP cast was removed, the wound inspected and knee
movements re-introduced according to a standard proto-
col. The patients continued full weight-bearing but used
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Fig. 1b

Kaplan-Meier survival curves for time to failure in patients treated with autologous chondrocyte implantation (broken line) and mosaicplasty (solid
line) showing a) the ‘best case scenario’, assuming grafts of patients lost to follow-up are intact, and b) the ‘worst case scenario’ where those patients
lost to follow-up are assumed to have failed immediately.

Fig. 1a

Fig. 2

The arthroscopic appearance of a failed mosaicplasty at two years show-
ing degeneration of the tissue adjacent to the plugs.
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�  nRCT: 40 MF vs. 40 MACI (alles arthroskopisch) 

�  5a FU 

�  67,5% med. / 27,5% lat. Femur / 5% Trochlea 

�  beide Gruppen: signifikante Besserung (IKDC, 

Tegner)  

�  signif. Vorteile für MACI (IKDC, Tegner) 
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�  RCT: 44 MF vs. 41 ACI (CCI) 

�  FU  3 Jahre 

�  Lateral und medial tibiofemoral 

�  Signif. bessere Histologie in ACI nach 18 Mo  

�  Signifikant mehr KOOS-Vebesserung in der ACI 

Gruppe nach 3 Jahren 

 http://ajs.sagepub.com/
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�  RCT ACI vs. MF 

�  Medial und Laterales Compartment 

�  Signifikante Überlegenheit von ACI in IKDC, KOOS, 

VAS 

NeoCart, an Autologous Cartilage Tissue Implant,
Compared with Microfracture for Treatment

of Distal Femoral Cartilage Lesions
An FDA Phase-II Prospective, Randomized Clinical Trial After Two Years

Dennis C. Crawford, MD, PhD, Thomas M. DeBerardino, MD, and Riley J. Williams III, MD

Investigation performed at Oregon Health and Science Center, Portland, Oregon; Keller Army Community Hospital, West Point, New York;
Duke Sports Medicine Center, Durham North Carolina; University of California, San Francisco California; TRIA Orthopaedic Center,

Bloomington, Minnesota; and the Hospital for Special Surgery, New York, NY

Background: Despite introduction of autologous chondrocyte therapy for repair of hyaline articular cartilage injury in
1994, microfracture remains a primary standard of care. NeoCart, an autologous cartilage tissue implant, was compared
with microfracture in a multisite prospective, randomized trial of a tissue-engineered bioimplant for treating articular
cartilage injuries in the knee.

Methods: Thirty patients were randomized at a ratio of two to one (two were treated with an autologous cartilage tissue
implant [NeoCart] for each patient treated with microfracture) at the time of arthroscopic confirmation of an International
Cartilage Repair Society (ICRS) grade-III lesion(s). Microfracture or cartilage biopsy was performed. NeoCart, produced by
seeding a type-I collagen matrix scaffold with autogenous chondrocytes and bioreactor treatment, was implanted six weeks
following arthroscopic cartilage biopsy. Standard evaluations were performed with validated clinical outcomes measures.

Results: Three, six, twelve, and twenty-four-month data are reported. The mean duration of follow-up (and standard
deviation) was 26 ± 2 months. There were twenty-one patients in the NeoCart group and nine in the microfracture group.
The mean age (40 ± 9 years), body mass index (BMI) (28 ± 4 kg/m2), duration between the first symptoms and treatment
(3 ± 5 years), and lesion size (287 ± 138 mm2 in the NeoCart group and 252 ± 135 mm2 in the microfracture group) were
similar between the groups. Adverse event rates per procedure did not differ between the treatment arms. The scores on
the Short Form-36 (SF-36), Knee Injury and Osteoarthritis Outcome Score (KOOS) activities of daily living (ADL) scale, and
International Knee Documentation Committee (IKDC) form improved from baseline (p < 0.05) to two years postoperatively
in both treatment groups. In the NeoCart group, improvement, compared with baseline, was significant (p < 0.05) for all
measures at six, twelve, and twenty-four months. Improvement in the NeoCart group was significantly greater (p < 0.05)
than that in the microfracture group for the KOOS pain score at six, twelve, and twenty-four months; the KOOS symptom
score at six months; the IKDC, KOOS sports, and visual analog scale (VAS) pain scores at twelve and twenty-four months;
and the KOOS quality of life (QOL) score at twenty-four months. Analysis of covariance (ANCOVA) at one year indicated that
the change in the KOOS pain (p = 0.016) and IKDC (p = 0.028) scores from pretreatment levels favored the NeoCart group.
Significantly more NeoCart-treated patients (p = 0.0125) had responded to therapy (were therapeutic responders) at six
months (43% versus 25% in the microfracture group) and twelve months (76% versus 22% in the microfracture group). This
trend continued, as the proportion of NeoCart-treated patients (fifteen of nineteen) who were therapeutic responders at
twenty-four months was greater than the proportion of microfracture-treated participants (four of nine) who were thera-
peutic responders at that time.

continued

Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in
support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months
prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written
in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to
influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the
online version of the article.
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�  nRCT:  ACI-C vs. MACI  

�  PF- Gelenk ! 

�  40 Mo FU 

�  Beide führen zu signif. Verbesserung in Knie-Scores 

�  Keine signif. Überlegenheit einer der Gruppen 

ORIGINAL PAPER

The role of autologous chondrocyte implantation
in the treatment of symptomatic chondromalacia patellae

Simon Macmull & Parag K. Jaiswal & George Bentley &

John A. Skinner & Richard W. J. Carrington &

Tim W. R. Briggs

Received: 27 October 2011 /Accepted: 7 December 2011 /Published online: 14 January 2012
# Springer-Verlag 2012

Abstract
Purpose Chondromalacia patella is a distinct clinical entity of
abnormal softening of the articular cartilage of the patella,
which results in chronic retropatellar pain. Its aetiology is still
unclear but the process is thought to be a due to trauma to
superficial chondrocytes resulting in a proteolytic enzymic
breakdown of the matrix. Our aim was to assess the effective-
ness of autologous chondrocyte implantation on patients with
a proven symptomatic retropatellar lesion who had at least one
failed conventional marrow-stimulating therapy.
Methods We performed chondrocyte implantation on 48
patients: 25 received autologous chondrocyte implantation with
a type I/III membrane (ACI-C) method (Geistlich Biomaterials,
Wolhusen, Switzerland), and 23 received the Matrix-assisted
Chondrocyte Implantation (MACI) technique (Genzyme,
Kastrup, Denmark).
Results Over a mean follow-up period of 40.3 months, there
was a statistically significant improvement in subjective
pain scoring using the visual analogue scale (VAS) and
objective functional scores using the Modified Cincinnati
Rating System (MCS) in both groups.
Conclusions Chondromalacia patellae lesions responded well
to chondrocyte implantation. Better results occurred with
MACI than with ACI-C. Excellent and good results were
achieved in 40% of ACI-C patients and 57% of MACI
patients, but success of chondrocyte implantation was greater
with medial/odd-facet lesions. Given that the MACI

procedure is technically easier and less time consuming, we
consider it to be useful for treating patients with symptomatic
chondral defects secondary to chondromalacia patellae.

Introduction

Chondromalacia patella is a distinct clinical entity in which
there is anterior knee pain and softening or breakdown of
the articular cartilage on the medial and “odd” facet of the
patella. Changes can also affect the lateral facet, especially if
there is tightness of the lateral patellar retinaculum, as
described by Ficat [1]. Many treatment methods have been
proposed, including drilling, defect excision and proximal
soft tissue and distal bony patellar realignment surgery [2].
Trochleoplasty [3, 4] has shown good results where femoral
condyle dysplasia is suspected as the main cause for patellar
instability. Longitudinal patellar osteotomy for anterior
patellofemoral pain [5, 6] and patellectomy have also been
described as modes of treatment, but none have been totally
successful. Disease aetiology remains unconfirmed. Some
consider it the result of malalignment of the unstable patella
as it articulates with the distal femur [7]. This has now been
largely discounted. Others propose that the cause is second-
ary to trauma to the articular cartilage where there has been a
breakdown of articular cartilage and damage to superficial
chondrocytes resulting in release of proteolytic lysosomal
enzymes [8, 9]. Outerbridge [10] originally graded chon-
dromalacia patellae as follows;

Grade I softening and swelling or fibrillation/fissuring in
an area <0.5 cm;

Grade II fissuring or fibrillation/fissuring in an area 0.5–
1 cm;

S. Macmull (*) : P. K. Jaiswal :G. Bentley : J. A. Skinner :
R. W. J. Carrington : T. W. R. Briggs
Royal National Orthopaedic Hospital,
Brockley Hill,
Stanmore, Middlesex HA7 4LP, UK
e-mail: simonmacmull@hotmail.com

International Orthopaedics (SICOT) (2012) 36:1371–1377
DOI 10.1007/s00264-011-1465-6





48 

�  nRCT: ACI-P vs. MACI bei Berufssoldaten bzw. Sportler 

�  3 Jahre FU mit Knie- & Aktivitäts-Scores 

�  Beide Gruppen: Signifikante  

     Verbesserung in Knie - Scores 

�  31,5% schaffen Rückkehr 

      zum pre-injury Aktivitäts-Level 

�  Jedoch: fast alle Patienten: Re-Cart-Repair 

ORTHOPEDICS | ORTHOSuperSite.com

! Feature Article

abstract
Full article available online at ORTHOSuperSite.com. Search: 20111122-07

Few studies have assessed the results of autologous chondrocyte implantation in patients 
with high-impact activities. The purpose of this study was to evaluate the early functional 
outcome and activity level after 2-stage autologous chondrocyte implantation in profes-
sional soldiers and athletes. Nineteen patients with an average age of 32.2 years were 
treated with autologous chondrocyte implantation and followed up for a minimum of 2 
years. All patients except 2 had received previous arthroscopic treatment with debride-
ment and/or microfracture. The mean size of the postdebridement defect was 6.54 cm2. 
Using Novocart technology (B. Braun-Tetec, Reutlingen, Germany), periosteal patch and 
matrix-assisted autologous chondrocyte implantation was sequentially performed with 
no randomization. The average subjective knee evaluation score and Lysholm score im-
proved from 39.16 and 42.42, respectively, preoperatively to 62.4 and 69.4, respectively, 
at latest follow-up. Median Tegner activity score was 8.8 before injury, 3.8 preoperatively, 
and 6.15 at latest follow-up. Second-look arthroscopy was performed in 11 patients due 
to persistent pain, decreased range of movement, and mechanical symptoms. Six of 19 
(31.5%) patients with professional or recreational athletic activities returned to preinjury 
levels of athletic performance.

This study shows that mid-term results with autologous chondrocyte implantation in high-
performance patients are not as good as have been reported with other similar technolo-
gies. Motivational issues during prolonged rehabilitation, multiple surgical interventions 
before autologous chondrocyte implantation, patient age, and large defects can poten-
tially influence the outcome and overall performance in this selected group of patients.

Dr Panagopoulos is from the Department of Sports Medicine, University Hospital of Patras, Patras, 
and Dr Triantafillopoulos is from the Department of Sports Medicine, Metropolitan Hospital, Athens, 
Greece; and Dr van Niekerk is from the Center for Sports Injury Surgery, Friarage and Duchess of Kent 
Military Hospitals, North Yorkshire, United Kingdom.

Drs Panagopoulos, van Niekerk, and Triantafillopoulos have no relevant financial relationships to 
disclose.

Correspondence should be addressed to: Andreas Panagopoulos, MD, PhD, Department of Sports 
Medicine, University Hospital of Patras, Papanikolaou Str, Rio, 26504 Patras, Greece (andpan21@
gmail.com).

doi: 10.3928/01477447-20111122-07

Autologous Chondrocyte Implantation 
for Knee Cartilage Injuries: Moderate 
Functional Outcome and Performance 
in Patients With High-impact Activities
ANDREAS PANAGOPOULOS, MD, PHD; LOUW VAN NIEKERK, FRCS(ED), FRCS(ORTH); 
IOANNIS TRIANTAFILLOPOULOS, MD, MSCI, PHD

Figure: Intraoperative photographs of autologous 
chondrocyte implantation with periosteal flap cov-
erage. Large defect on the lateral femoral condyle 
(A). Injection of the cultured cells and final sealing 
with fibrin glue (B).
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Moreover, all patients were involved 
in highly athletic or military activities, 
which had been restricted by their long-
term disability.

Of the numerous cartilage restoration 
techniques available today, no method 
has yet been able to consistently repro-
duce normal hyaline cartilage, and the 
best treatment in the long term is still un-
known.25,26 Furthermore, a recent analysis 
of the quality of cartilage repair studies 
by Jakobsen et al27 showed a modified 
Coleman Methodology Score of 43.5 out 
of 100, indicating poor methodological 
quality regarding designing, performing, 
and reporting autologous chondrocyte im-
plantation clinical studies.

Classic PACI has been proposed as 
the cornerstone technique for the resto-
ration of full-thickness articular cartilage 
lesions in the knee and has shown excel-
lent long-term durability and improved 
knee function up to 11 years postopera-
tively.2,12,16,28,29 The long-term efficacy of 
MACI has not yet been investigated, but 
it appears that this technique can give fa-
vorable functional results compared with 
classic PACI. In addition, a shorter opera-
tive time, smaller incision, and lower inci-
dence of graft-related reoperations can be 
expected.16,30-34

Other available techniques for the re-
pair of articular cartilage defects include 
microfracture and mosaic osteochondral 
autologous transplantation. Steadman et 
al4 reported that 80% of patients rated 
themselves as improved 7 years after mi-
crofracture. The patients in the study were 
retrospectively selected from a larger 
group and had relatively small chondral 
defects, with a mean size of 2.8 cm2. The 
largest single series to date of mosaic 
osteochondral autologous transplanta-
tion is that of Hangody and Fules,8 who 
reported the results of operations on 597 
femoral condyles, 76 tibial plateaus, and 
118 patellofemoral joints at up to 10 years 
postoperatively. Good or excellent results 
were reported in 92%, 87%, and 79% of 
patients, respectively.

Regarding the outcomes of these al-
ternative cartilage techniques in high-
demand patients, Blevins et al35 and 
Steadman et al5 demonstrated that 77% 
and 76% of their high-level athletes re-
turned to athletic activity at a mean of 
9.3 months and 10 months, respectively, 
after microfracture. Average lesion size in 
those studies was 2.23 cm2 and 3.80 cm2, 
respectively. Cerynik et al36 reported that 
21% of National Basketball Association 
(NBA) players treated with microfracture 
did not return to competition in an NBA 
game, and those who returned to compe-
tition demonstrated diminished perfor-
mance and playing minutes per game. 
However, Kish et al37 reported that 61% 
of 52 athletes treated with mosaic osteo-
chondral autologous transplantation re-
turned to full athletic activity after a mean 
preoperative symptomatic interval of 8 
months.

Randomized clinical trials have failed 
to identify the superiority of each method 
of cartilage repair. Bentley et al7 reported 
in a large series of 100 patients that autolo-
gous chondrocyte implantation resulted in 
slightly better Cincinnati and ICRS scores 
than did mosaic osteochondral autolo-
gous transplantation, whereas Horas et al9 
concluded that no compelling evidence 
existed in favor of mosaic osteochondral 
autologous transplantation vs autologous 

chondrocyte implantation, although they 
reported higher Lysholm scores in the mo-
saic osteochondral autologous transplan-
tation group 24 months postoperatively. 
Knutsen et al3 reported no significant clin-
ical and histological difference between 
autologous chondrocyte implantation and 
microfracture in 80 randomized patients, 
other than slightly better SF-36 scores in 
the microfracture group. Finally, Gudas et 
al38 conducted a prospective randomized 
study of mosaic osteochondral autologous 
transplantation vs microfracture in 60 
young athletes with no prior intervention 
in the knee; they found that 52% of the 
microfracture group was able to return to 
competitive sports compared with 93% 
of the mosaic osteochondral autologous 
transplantation group.

The effectiveness of autologous chon-
drocyte implantation in the high-demand 
population has only been investigated re-
cently. Mithöfer et al17 reported 72% good 
to excellent overall results after autologous 
chondrocyte implantation in 45 profes-
sional (27%) and recreational (73%) soccer 
players. Players who successfully returned 
to soccer (83% of competitive-level play-
ers and 16% of recreational players) were 
significantly younger and had a shorter pre-
operative duration of symptoms.

Furthermore, Mithöfer et al18 reported 
96% good or excellent results at a mean 

Figure 7: Change in Tegner activity scale pre- and postoperatively. Abbreviations: MACI, matrix-assisted au-
tologous chondrocyte implantation; PACI, autologous chondrocyte implantation with periosteal flap coverage.
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�  nRCT: MF vs. MACI bei (Semi)Profi - Fußballer 

�  2 J FU: keine signif. Unterschied in Knie-Score 

�  7,5 J FU: signif. Bessere Knie-Scores bei MACI 

�  Signif. Verbesserung in beiden Gruppen 

�  Rückkehr zum Leistungssport: 80 vs. 86% (MF vs. MACI) 

�  Erstes Match: nach 8 bzw. 12,5 Mo (MF vs. MACI) 

Tegner-Score  

Articular Cartilage Treatment
in High-Level Male Soccer Players

A Prospective Comparative Study of Arthroscopic
Second-Generation Autologous Chondrocyte
Implantation Versus Microfracture

Elizaveta Kon,*y MD, Giuseppe Filardo,y MD, Massimo Berruto,z MD, Francesco Benazzo,§ MD,
Giacomo Zanon,§ MD, Stefano Della Villa,|| MD, and Maurilio Marcacci,y MD
Investigation performed at the Rizzoli Orthopaedic Institute, Bologna, Italy; the Gaetano Pini
Orthopaedic Institute, Milano, Italy; the Fondazione IRCCS Policlinico San Matteo, Pavia, Italy;
and the Isokinetic FIFA Medical Centre of Excellence, Bologna, Italy

Background: Soccer is a highly demanding sport for the knee joint, and chondral injuries can cause disabling symptoms that may
jeopardize an athlete’s career. Articular cartilage lesions are difficult to treat, and the increased mechanical stress produced by
this sport makes their management even more complex.

Hypothesis: To evaluate whether the regenerative cell-based approach allows these highly demanding athletes a better func-
tional recovery compared with the bone marrow stimulation approach.

Study Design: Cohort study; Level of evidence, 2.

Methods: Forty-one professional or semiprofessional male soccer players were treated from 2000 to 2006 and evaluated pro-
spectively at 2 years and at a final 7.5-year mean follow-up (minimum, 4 years). Twenty-one patients were treated with arthro-
scopic second-generation autologous chondrocyte implantation (Hyalograft C) and 20 with the microfracture technique. The
clinical outcome of all patients was analyzed using the cartilage standard International Cartilage Repair Society (ICRS) evaluation
package. The sport activity level was evaluated with the Tegner score, and the recovery time was also recorded.

Results: A significant improvement in all clinical scores from preoperative to final follow-up was found in both groups. The per-
centage of patients who returned to competition was similar: 80% in the microfracture group and 86% in the Hyalograft C group.
Patients treated with microfracture needed a median of 8 months before playing their first official soccer game, whereas the Hy-
alograft C group required a median time of 12.5 months (P = .009). The International Knee Documentation Committee (IKDC) sub-
jective score showed similar results at 2 years’ follow-up but significantly better results in the Hyalograft C group at the final
evaluation (P = .005). In fact, in the microfracture group, results decreased over time (from 86.8 6 9.7 to 79.0 6 11.6, P \
.0005), whereas the Hyalograft C group presented a more durable outcome with stable results (90.5 6 12.8 at 2 years and
91.0 6 13.9 at the final follow-up).

Conclusion: Despite similar success in returning to competitive sport, microfracture allows a faster recovery but present a clinical
deterioration over time, whereas arthroscopic second-generation autologous chondrocyte implantation delays the return of high-
level male soccer players to competition but can offer more durable clinical results.

Keywords: cartilage lesion; arthroscopic second-generation autologous chondrocyte implantation; microfracture; arthroscopy;
knee; soccer

Soccer is a highly demanding activity, especially in top ath-
letes. High-impact repetitive loading, torsional forces,
rapid deceleration motion, as well as frequent pivoting
and player contacts explain the high injury level that has

been reported to lead up to 47% of the soccer players retir-
ing because of an injury, mainly in the knee.8 In particular,
the significant mechanical stress on the articular surface
may lead to cartilage damage, which is a major cause of
disability in the soccer population. Cartilage lesions are
reported at all levels: collegiate, professional, or world-
class athletes are most often affected.26 Chondral injuries
involve disabling symptoms that may jeopardize an ath-
lete’s career; even after suspending playing, surgical

The American Journal of Sports Medicine, Vol. 39, No. 12
DOI: 10.1177/0363546511420688
! 2011 The Author(s)
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�  Vorteile ACI gegenüber MF & Mosaikplastik – 

wenn ältere Techniken (ACI-P) nicht gewertet 

�  Gold-Standard des Cartilage - Repair 
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Einleitung 

�  Meniskusläsion = häufigste Knieverletzung 
�  Drastische Evolution der Behandlung der 

Meniskuspathologien 
�  ‚If in doubt, get it out‘ 

 (Biomech Folgen bekannt) 

�  1970er: Partielle ME & Naht 
�  Keine Therapie für ‚Postmeniskektomie-Syndrom‘ 
�  1984: Erste Meniskus Allograft Transplantation (MAT) 

(Milachowsky et al., München) 
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Methodik 

Einschlußkriterien 
�  Minimum 6mo FU 
�  Klinische Studie am Mensch 
�  klinisches, radiologisches oder 

histologisches Outcome  
�  Datenpooling möglich 

�  44 Artikel: 1136 MAT bei 1068 Patienten 
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Methodik 

Grafts: 
�  Lyophilisiert (1,5%) 
�  Kryokonserviert (40%) 
�  Gefroren (36,2%) 
�  Mix (7,7%) 
�  Viable (?) (11,2%) 
�  Nicht angegeben (3,5%) 
(Bestrahlung und Immun-Matching aufgegeben 

wegen schlechter Kosten-Nutzen-Ratio) 
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Methodik 
Technik: 
�  17 Artikel: offene Technik 
�  15 Artikel: arthroskopische Technik 
�  3 Artikel: gemischt 
�  Größen-matching: meist Röntgen 
�  Fixation: meist knöchern (plug / bridge) 
�  Begleitende Eingriffe:  

�  36% isolierte MAT, ansonsten viele Kombinationen mit 
Knorpelchirurgie, Umstellungen, Kreuzband 
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Methodik 
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Meniscal Allograft Transplantation. Sekiya and Ellingson J Am Acad Orthop Surg.2006; 14: 164-174  



Ergebnisse 

�  Alter 35 Jahre (range 14-69) 
�  678 medial & 458 lateral 
�  Zeit seit erster Meniskusläsion: mean 10,7 J. 
�  Durchschnittlich 2,5 Meniskus OP im Vorfeld 
�  Mehrheit der Patienten: °III / IV 

Knorpeldegen. 
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Ergebnisse 

Klinisches Outcome: 
�  FU im Mittel 5 Jahre (8Mo-20J) 
�  12 Scores (Lysholm, IKDC, VAS...) 
�  Lysholm 44 prä  - 77 post 
�  VAS  48mm prä – 17mm post 
�  Leichte Verschlechterung im Laufe der Zeit 
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Ergebnisse 

Outcome Bildgebung: 
�  Röntgen: 16 Artikel   /   360 MAT: 

unterschiedl. Parameter (JSW, KL…) 
�  Meisten Studien: Bewahrung d. Gelenkspaltweite 
�  5 Studien: Zunahme d. Gelenkspaltweite 

�  MRI: 19 Artikel  / 404 MAT: gutes Einwachsen, jedoch 
häufig leichte Schrumpfung oder Extrusion 

�  2nd look Arthroskopie: 21 Artikel / 348 MAT             
100 Biopsien: teilungsfähige Zellen, 
Neovaskularisierung ausgehend von Synovium, 
intakte Kollagenarchitektur 
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Ergebnisse 

Graft-Versagen 
�  Definition: (Sub)totale Destruktion – folgende 

Graftexplantation (mit/ohne prothetische 
Konsequenz) 

�  In 10,6 % der Fälle 

Komplikationen 
�  128 Fälle 

�  43 Riße im Graft (ME oder Naht) 
�  27 Arthrofibrose (Narkosemob) 
�  sonst 
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Diskussion 
MAT: 
�  Erfolgreiche Prozedur für med. & lat. 

�  Schmerz, Aktivitätslevel 

�  Indikation: Postmeniskektomie – 
Symptome, Alter <55 Jahre, compliant 

�  Wichtig: Instabilitäten, Achsfehler etc. 
mitbehandeln 

�  Meniskus: ‚immunologisches Privileg‘; 
Meniskuszellen dicht in extrazelluläre 
Matrix eingebettet, HLA-match nicht nötig 
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Diskussion 
�  Unklar: „prophylaktische“ MAT wenn mehr 

als 50% Meniskektomie bei jungem Pat. 
(v.a. lateral) 

�  Conclusio:  
�  effektive, relativ sichere Methode 
�  Keine großen Komplikationen 
�  Keine Verschlechterung der 

Ausgangsbedingungen für spätere prothetische 
Eingriffe 

�  Höherer Level of Evidence möglich / ethisch 
vertretbar ? 
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Einleitung 

�  Systematisches Review  
� …zur Beantwortung der Fragen (& Hypothesen): 

�  Verlangsamt MAT die Kniedegeneration ? 
�  Idealer Kandidat ? 
�  Survival ? 
�  Kombinierbarkeit mit Begleiteingriffen ? 
�  Unterschied bzgl. Med. / Lat. ? 
�  Zu erwartender Erfolg ? 

21.10.13 Liebensteiner MC: Meniskus Allograft 64 



Methodik 

Einschlußkriterien 
� MAT mit knöcherner Fixation (plugs oder 

bridge) 
� ≥ 2 Jahre FU 
 

21.10.13 Liebensteiner MC: Meniskus Allograft 65 



Studien – 
Charakteristika: 

�  14 Studien (13 LoE IV, 1 LoE III) 
�  Grafts: 8 Kryokonserviert, 2 FF, 3 Mix, 1 ? 
Gepoolte Daten: 
�  352 MAT (323 Patienten) 
�  Alter 33,9 (14-58) Jahre 
�  Follow Up 54 Monate (24-167) 
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Ergebnisse 

Klinisches Outcome: 
�  Patientenzufriedenheit: 60-95 % 
�  Alle Studien: Verbesserung in den Scores (IKDC, 

Lysholm etc.) 
�  Postop Aktivitätslevel  

� subjektiv ‚normal‘ oder ‚fast normal‘: 68-89%    
� 61-88% Rückkehr zum Sport  (moderat) 

�  MAT-failure (? Definition): ca. 10% in ersten 2 
Jahren (jene mit präop mehr Arthrose)  
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Diskussion 

MAT ... 
�  Gute kurz- und mittelfristige Ergebnisse 
�  Junge Pat. mit Knorpelschaden ≤ 3° 
�  Mit stabilem (stabilisiertem) Knie 
�  Gute Ergebnisse durch Kombinationseingriffe 

(außer > 3 Zusatzprozeduren) 
�  Häufig notwendige Folgeeingriffe: partielle 

Meniskektomie 
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•  Gute (nicht sehr gute) Ergebnisse 
•  Streng ausgewählter Patient 
•  Ziel: ATL schmerzfrei, moderater Sport 
•  Wenn, dann offensive Behandlung (inkl. HTO,     

 ev. Knorpel etc.) 
•  ‚buying time procedure‘ 

 
 







Akzep&erte	
  Studien:	
  
�  RCTs	
  die	
  Effek,vität	
  oder	
  Toxizität	
  untersuchen	
  
�  Kontrolle	
  mit	
  Placebo	
  oder	
  sonst	
  Ther.	
  
�  einfach-­‐	
  /	
  doppelt	
  verblindet	
  
�  quan,ta,ve	
  Daten	
  für	
  Datenpooling	
  
�  Arthrose	
  an	
  allen	
  Gelenken	
  (Ausnahme	
  Kiefer)	
  
�  Keine	
  Kombina,onspräparate	
  

	
  



Studien:	
  
�  25	
  RCTs	
  (1980-­‐2008)	
  
�  4963	
  Personen	
  /	
  Alter	
  60.7	
  
�  durchschniUlich	
  drop	
  out:	
  17%	
  
�  21	
  p.o.	
  ;	
  	
  1500	
  mg/d	
  
�  20:	
  nur	
  Knie	
  
�  14:	
  RoUa;	
  	
  10:	
  non-­‐RoUa;	
  1:	
  beides	
  

	
  



Outcome: 
�  Schmerz (25) 
�  ROM (6) 
�  Funktion (20) 
�  Radiografisches Outcome (3) 
�  HRQoL (1) 
 

 



Ergebnisse:	
  
�  „POOLED“:	
  kein	
  Benefit	
  von	
  Glucosamin	
  bzgl.	
  div.	
  

Schmerzscores,	
  WOMAC	
  pain,	
  func,on,	
  s,ffness	
  

	
  
	
  

	
  



Ergebnisse:	
  
	
  

	
  



Ergebnisse:	
  
�  jedoch	
  signif.	
  Verbesserung	
  bei	
  WOMAC	
  total	
  

	
  
	
  

	
  



Ergebnisse:	
  
�  nur	
  Studien	
  mit	
  RoUa-­‐Präpara,on:	
  signifikante	
  

Verbesserung	
  bzgl.	
  Schmerz	
  und	
  Funk,on	
  und	
  
radiolog.	
  Progression	
  und	
  WOMAC	
  total	
  	
  

	
  
	
  

	
  







Ergebnisse:	
  
�  nur	
  Studien	
  mit	
  Non-­‐RoUa:	
  kein	
  signif.	
  Effekte	
  

	
  
	
  

	
  



Ergebnisse:	
  
�  Alle	
  Studien	
  zusammen:	
  sicher	
  wie	
  Placebo	
  

	
  
	
  

	
  



Interpreta&on	
  d.	
  Autoren:	
  
� Gepoolte	
  Analyse:	
  Verbesserung	
  nur	
  bei	
  

wenigen	
  Parametern	
  (z.b.	
  Womac	
  total)	
  
�  RoDa-­‐Prepara&on:	
  Glucosamin	
  ist	
  signifikant	
  

besser	
  als	
  Placebo	
  hinsichtlich	
  Schmerz	
  und	
  
Funk&on	
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