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Introduction

The general increase in sports-related injuries of the past 
decades and the high demands for fast and accurate treat-
ment create one of the biggest challenges for the orthopedic 
surgeon of the 21st century. As such, early osteoarthritis 
(OA) is increasingly being recognized, creating an even 
bigger challenge for the field. Early OA is considered more 
difficult to diagnose than OA as signs and symptoms may 
still be limited, often becoming manifest after higher strains 
such as sport activities.1 In contrast, the diagnosis of 
advanced OA is easily made based on the patient history 
and physical and X-ray examinations. Patients are typically 
over 50 years old and show symptoms of pain and decreased 
joint function, which in turn, reduces quality of life.2 In 
early OA, the articular cartilage shows fibrillation and verti-
cal fissures that extend into the mid-zone. The articular sur-
face becomes discontinuous and there is progressive 
increase in subchondral bone plate and subarticular spon-
giosa.3 The prevalence of (early) osteoarthritic defects in 

patients with knee pain (mean age 39 years) has been 
approximated by Widuchowski et al.4 Of 25,124 arthrosco-
pies, 15,074 showed cartilage defects, 29% of which were 
osteoarthritic. Other structures such as the menisci and liga-
ments are frequently affected as well, thus disturbing the 
joint homeostasis.3,5 As early OA generally presents in 
younger more active patients, traditional approaches for 
OA such as anti-inflammatory drugs and physical therapy 
may only provide temporary relief whereas joint 
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replacement limits function and could be prone to future 
revision surgery.6-8 Articular cartilage repair may be a 
promising treatment modality for early OA patients, poten-
tially providing symptom relief and delaying or preventing 
disease progression. However, there is considerable debate 
whether cartilage repair is effective in this patient category 
as the disturbed homeostasis in early OA may create extra 
difficulty for local cellular regeneration. The aim of this 
systematic review was to evaluate the existing evidence for 
treatment of patients with early OA using articular cartilage 
repair techniques.

Methods

Systematic Search

A systematic review of the literature was conducted on treat-
ment of early OA with articular cartilage repair. The search 
was performed on November 1, 2012 in the electronic data-
bases of MEDLINE, EMBASE, and the Cochrane 
Collaboration using the following terms: (osteoarthritis) OR 
(early osteoarthritis) OR (moderate osteoarthritis) OR (early 
osteoarthrosis) OR (osteoarthritic) OR (early osteoarthritic 
changes) OR (early arthritis) OR (degenerative) OR (salvage) 
AND ((cartilage repair) OR (tissue engineering) OR (cartilage 
restoration) OR (autologous chondrocyte implantation) OR 
(autologous chondrocyte transplantation) OR (matrix-assisted 
autologous chondrocyte transplantation) OR (matrix-induced 
autologous chondrocyte implantation) OR (MACT) OR 
(MACI) OR (characterized chondrocyte implantation) OR 
(autologous osteochondral transplantation) OR (osteochon-
dral autologous transplantation) OR (OATS) OR (osteo-
chondral autograft transplantation) OR (OCT) OR 
(mosaicplasty) OR (allograft osteochondral transplantation) 
OR (scaffolds) OR (microfracture) OR (microfracturing).

Literature

Inclusion criteria for relevant articles that were used during 
screening of titles and abstracts included: therapeutic stud-
ies of articular cartilage repair in patients with early osteo-
arthritis and/or degenerative changes with a minimal 
follow-up of 12 months. Languages that were included 
were English, German, and Dutch. Etiologic studies, 
reviews, case reports, animal and cadaver studies were 
excluded and also articles of which the full texts were not 
retrievable. The Cochrane Handbook for Systematic 
Reviews9 and the guidelines for Transparent Reporting of 
Systematic Reviews and Meta-analysis (PRISMA)10 were 
used. To assess the methodological quality, 2 independent 
observers (TdW and LV) appraised each study using the 
modified Coleman Methodology score.11 A score of 100 
represents a study with a solid design and no biases or 

confounding factors. If there was a difference in scores, 
studies were discussed and a consensus was reached. 
Extracted data from the selected studies included patient 
demographics, grade of OA, surgical procedure(s), defect 
sizes, and clinical outcome scores.

Results

Systematic Search and Study Appraisal

The literature search in MEDLINE resulted in 986 articles. 
The search in EMBASE and Cochrane resulted in 226 and 
26 articles, respectively. After excluding duplicates, 1,212 
articles remained for screening title and abstract. Application 
of inclusion and exclusion criteria resulted in 10 articles.12-21 
One full-text article22 could not be retraced and was there-
fore excluded (Fig. 1). All included articles were case series 
reporting on a total of 502 patients (mean age range 36-57 
years). One report presented the 4-year follow-up of a sub-
set of patients from one of the included studies.18 All studies 
were of level 4 evidence according to the Oxford Center 
for Evidence-Based Medicine and had a mean modified 
Coleman score of 58 (range = 36-73; Table 1).

Literature

Minas et al.19 performed a prospective study including 153 
patients with early OA who were treated with first-generation 
ACI and followed for a mean of 64 months (range = 24-132 
months). In this study, radiographic criteria for early OA 
were peripheral intra-articular osteophyte formation and/or 
0% to 50% joint space narrowing as defined by Ahlbäck 
stage 0-I whereas the clinical criteria included evidence of 
bipolar (kissing) lesions or generalized chondromalacia. 
Concomitant procedures were performed in 103 (66.5%) 
patients (Table 2). At 5 years, 92% of patients experienced 
improvement in the WOMAC (Western Ontario and 
McMaster Universities Osteoarthritis Index) score (P < 
0.001) and were able to delay the need for joint replace-
ment. Of the patients, 8% were considered treatment fail-
ures and were revised to partial (n = 2) or total (n = 10) joint 
arthroplasty (Table 3).

In 2 similar case series, Filardo et al.15,16 evaluated 57 
patients with degenerative grade III-IV ICRS (International 
Cartilage Repair Society) lesions (at least 6 months of symp-
toms not responding to conservative treatment) and 44 
patients with cartilage lesions in OA knees (Kellgren–
Lawrence grade 2-3) who had refused total knee arthroplasty 
(TKA). In the first study,15 patients were treated with second-
generation ACI and followed for a mean of 74 months. 
Concomitant procedures were performed in 23 patients (41%; 
Table 2). After 6 years, 85% of patients showed a significant 
improvement in the International Knee Documentation 
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Committee (IKDC) score (P < 0.005). Ten patients (18.5%) 
required reintervention because of symptoms related to the 
primary defect (Table 3). In the second study,16 44 patients 
received the same treatment (Hyalograft C) and were fol-
lowed for up to 9 years. Of the patients, 55% received con-
comitant procedures. Although clinical improvement was 
shown (IKDC P < 0.0005), the failure rate was higher than 
the previous study (27.3% vs. 18.5%; Table 3).

Ossendorf et al.20 used second-generation ACI to treat 
40 patients suffering from chronic posttraumatic and/or 

degenerative cartilage lesions. Thirteen patients had early 
OA with a Jäger–Wirth23 score of 3 whereas 27 patients had 
a Jäger–Wirth score of 1 to 2. The mean defect size was 5.0 
cm2 and the follow-up was 24 months (Table 2). Comparable 
clinical improvement (KOOS/IKDC P < 0.05) in both the 
osteoarthritic and posttraumatic/mild degenerative groups 
was seen. Second-look biopsies of 4 patients showed 
hyaline-like and mixed repair tissues. At final follow-up,  
22 patients had radiological OA (Kellgren–Lawrence24 
score ≥2) while still showing significant improvement (P < 
0.0001) in the Lysholm and Cincinnati Knee Rating 
Systems. The failure rate was 12.5%, and 2.5% required 
TKA (Table 3). Kreuz et al.18 later presented the 4-year 
clinical improvement (Lysholm and KOOS P < 0.05) of 19 
patients of the cohort of Ossendorf et al.20 who preopera-
tively had confirmed OA with a Kellgren–Lawrence score 
of ≥2. MRI analysis showed defect filling in 16 out of these 
19 patients.

In a case series of 56 patients aged ≥45 years, Rosenberger 
et al.21 used first-generation ACI to treat 32 patients with 
large early osteoarthritic lesions (mean size 11.7 cm2). The 
same criteria for early OA as described by Minas et al.19 
were used. Thirty patients (53.6%) required a concomitant 
procedure (Table 2). Overall, patients rated their outcomes 
as excellent (72%) and comparable clinical improvement 

Figure 1.  Flowchart of the literature search.

Table 1.  Study Design and Quality Assessment.

Authors Design Level of Evidence Coleman

Minas et al.19 CS 4 73
Filardo et al. (2011)15 CS 4 60
Filardo et al. (2013)16 CS 4 60
Ossendorf et al.20 CS 4 64
Rosenberger et al.21 CS 4 72
Hollander et al.17 CS 4 36
Bae et al.12 CS 4 46
Brittberg et al.13 CS 4 54
De Windt et al.14 CS 4 60

Note: CS = case series; Coleman = modified Coleman score.
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was seen for all defect categories, that is, simple, complex, 
and salvage. Both failure of treatment and conversion to 
TKA occurred in 3 patients (9%; Table 3).

Hollander et al.17 compared second-look biopsies from 
14 ACI patients with no X-ray signs of OA (Ahlbäck25 
score 0) and 9 patients with X-ray signs of OA (Ahlbäck 
score III-IV). After 1 year, the repair tissue showed hyaline 
cartilage in 67% of OA joints compared with 36% of non-
OA joints. Two out of 3 biopsies from patients with 
advanced OA (Ahlbäck IV) showed hyaline cartilage.

Bae et al.12 evaluated 44 patients with an average lesion 
size of 3.9 cm2 (range = 1-6 cm2, Outerbridge grade IV) 
with moderate osteoarthritic changes who underwent 
microfracture (MF; Table 2). After a mean of 2.3 years, 
significant improvement (P < 0.05) in pain and daily living 
was seen and 95% of patients were rated good to excellent 
(Table 3). In addition, using second-look arthroscopy, 
defect filling was determined which was confirmed with 
histologic evaluation and type II collagen staining.

Brittberg et al.13 and de Windt et al.14 used drilling and 
subsequent carbon fiber scaffold implantation for treatment 
of early osteoarthritic defects in 2 separate cohorts with a 
short-term success rate of more than 80% in terms of pain 
and clinical outcome (Tables 2 and 3). All patients had 
ICRS grade III-IV lesions and fulfilled the criteria for 
symptomatic OA by the Subcommittee of the American 
College of Rheumatology.

Discussion

Early OA is increasingly being recognized in patients who 
wish to remain active while not accepting the limitations of 
conservative treatment or joint replacement. As such, the 
research field in articular cartilage repair is extending its 
grounds, aiming at early treatment and prevention of 

disease progression. This review evaluated the literature 
that describes the use of cartilage repair procedures in 
patients with early OA. After application of inclusion and 
exclusion criteria, 9 articles of generally low methodologi-
cal quality (mean Coleman score 58) could be 
included.12-17,19-21 The low methodological quality and het-
erogeneity in patient populations is a known limitation of 
clinical research in cartilage repair.26,27 This heterogeneity 
may even be more profound in early OA, as these patients 
frequently have been subjected to multiple previous and/or 
concomitant procedures.6 In fact, in the included studies, 
46% to 100% of patients received a previous treatment for 
to the index knee and up to 67% of patients underwent con-
comitant procedures (Table 2). The use of concomitant 
treatments in this patient category does not seem to have a 
negative effect on clinical outcome as no substantial differ-
ences in outcome were reported. This is surprising, as it is 
thought that concurrent injuries can disturb joint homeosta-
sis.5,28 For example, anterior cruciate ligament and meniscal 
tears are known to be a risk factor for OA.29-34 Indeed, in 
one of the included studies by Filardo et al.,16 inferior out-
come in knees with previous or combined partial menisec-
tomy was found. Moreover, numerous studies have found 
correlation between time since symptom onset and clinical 
outcome, suggesting a disturbance in joint homeostasis 
could affect cartilage regeneration.35-39

The combined treatment of articular cartilage defects 
and malalignment is increasingly being applied and shows 
promising results.40 Bauer et al.41 demonstrated significant 
clinical improvement in 18 patients (mean age = 47 years) 
with medial knee OA receiving matrix-induced ACI and a 
high tibial osteotomy. Sterett et al.42 found a 91% survivor-
ship 7 years after combined high tibial osteotomy and MF 
in 106 patients. Twelve patients (11%) required TKA after 
a mean of 81 months. In our review, we found a conversion 

Table 3.  Outcomes of the Included Studies.

Authors Procedure Clinical Outcome Failure rate (%) Conversion to TKA (%)

Minas et al.19 ACI WOMAC P < 0.001 8.0 6.5
Filardo et al. (2011)15 ACI IKDC P < 0.005 18.5 N/A
Filardo et al. (2013)16 ACI IKDC P < 0.005 27.3 N/A
Ossendorf et al.20 ACI Lysholm/IKDC/KOOS P < 0.05 12.5 2.5
Rosenberger et al.21 ACI WOMAC/Cincinnati P < 0.001 9.0 5.4
Hollander et al.17 ACI IKDC improvement ≥90% N/A N/A
Bae et al.12 MF Daily living and pain P < 0.05 0.0 N/A
Brittberg et al.13 CF VAS/Tegner P < 0.001 N/A N/A
De Windt et al.14 CF VAS/KOOS/Lysholm P < 0.005 14.9 N/A

Note: TKA = total knee arthroplasty; ACI = autologous chondrocyte implantation; WOMAC = Western Ontario and McMaster Universities Osteo-
arthritis Index; IKDC = International Knee Documentation Committee Knee Examination Form; KOOS = Knee Injury and Osteoarthritis Outcome 
Score; Cincinnati = Cincinnati Knee Rating System; MF = Microfracture; CF = carbon fibers; VAS = Visual Analogue Scale; Tegner = Tegner Activity 
Scale; N/A = not applicable.
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to TKA rate of 2.5% to 6.5% for ACI (Table 3). This is 
encouraging, as the conversion rates for isolated osteotomy 
has been found to be higher (20% to 50%).43-45 It should be 
acknowledged, however, that only a randomized controlled 
trial would be able to distinguish between the effect of car-
tilage repair and realignment osteotomy.

Of all patients included in this review, 75% were treated 
with ACI. This is not surprising, as in general, ACI is pre-
ferred in larger and complex lesions and clinical outcome 
after MF may have the tendency to deteriorate over time.46-49 
Indeed several in vitro studies50-52 have shown good prolif-
eration of OA chondrocytes and recently, ACI showed 
superior macroscopic and histological results compared to 
cell-free approaches in an early OA model in vivo.53 While 
Bae et al.12 used MF to treat cartilage defects in early OA, 
no patients underwent previous procedures and the mean 
defect size was smaller (3.9 cm2) than in most studies 
(Table 2). Kaul et al.54 recently showed that tissue removed 
prior to TKA in failed MF patients with early OA consisted 
of fibrocartilaginous tissue. This could imply that the qual-
ity of the regenerative tissue is an important prognostic fac-
tor. However, as Brittberg et al.13 and de Windt et al.14 also 
demonstrated clinical improvement using marrow stimula-
tion, long-term (comparative) research is needed to deter-
mine if regenerative tissue quality affects clinical outcome 
in early OA.

Although a study aiming specifically at osteochondral 
autograft or allograft transfer for early OA could not be 
included, these procedures may well be an option for future 
clinical trials in this patient category. Hangody et al.55 per-
formed osteochondral autograft transfer in 82 professional 
athletes including those with early signs of OA and found 
similar success rates compared with that of less athletic 
patients, although high motivation resulted in better subjec-
tive evaluation. Osteochondral allograft transfer has suc-
cessfully been applied in young patients with steroid-induced 
osteonecrosis showing 90% graft survival at 6 years.56 At 
their last follow-up, TKA was avoided in 27 out of 28 
knees. In contrast, Beaver et al.57 found a higher failure rate 
for posttraumatic osteoarticular bipolar lesions treated with 
fresh allografts. Furthermore, primary OA has been reported 
to reduce clinical outcome after allograft transfer.45

Limitations of this review are the low methodological 
quality, small sample sizes, and heterogeneity of patients. 
Although the inclusion criteria were strictly aimed at early 
OA, the variation in the definition of early OA may also 
limit the findings of this review. Minas et al.19, Rosenberger 
et al.,21 and Hollander et al.17 primarily used the radio-
graphic Ahlbäck score whereas Ossendorf et al.20 and Kreuz 
et al.18 used the Jäger–Wirth scale. All others applied clini-
cal and macroscopic grading only. In recognizing and 
defining early OA as a disease entity, the Osteoarthritis 
Research Society International histologic histochemical 
grading system was recently adapted aiming specifically at 
early OA.3 The development and use of such a standardized 

radiological and clinical grading system could especially be 
important for the comparability between (future) clinical 
trials in early OA.

The excellent clinical outcome (up to 4 years) in a small 
subset of patients with advanced OA as shown by Ossendorf 
et al.20 and Kreuz et al.18 as well as hyaline-like regeneration 
shown in biopsies by Hollander et al.17 are promising find-
ings, which could imply that cartilage repair can be an alter-
native for active patients with advanced OA. Furthermore, 
the comparable failure rates in early OA compared with the 
general population, that is, 8% to 27.3%12-17,19-21 versus 
1.5% to 33%,58 respectively, underline the potential of carti-
lage repair as a salvage procedure. However, it is important 
to note that Filardo et al.15,16 found a relatively high failure 
rate, which increased for the longer follow-up. Although 
they still consider ACI as an option to delay joint replace-
ment, these findings stress the importance of careful treat-
ment selection and patient counseling.

In considering TKA as an alternative for younger patients 
with OA, Keeney et al.59 performed a systematic review 
and found surgeon-measured clinical improvement in 
patients younger than 55 years who had received TKA. In 
this study, a moderate increase in second decade implant 
failures (from 91% to 99% implant survival to 85% to 97%) 
was found. Unfortunately, a lack of patient-based and func-
tional outcome measures as well as the difference in patient 
selection makes these results difficult to compare with the 
results of this review. Thus, a (randomized) comparison 
between TKA, cartilage repair, and/or conservative mea-
sures for early OA could be of great value. Nevertheless, 
revisions and the known limitations in activity following 
TKA emphasize the need for different treatment options in 
active patients with (early) OA.60,61

In conclusion, although not yet a fact, there is low-level 
evidence that suggests cartilage repair is a feasible treat-
ment for (early) OA, which demonstrates preliminary 
effectiveness of up to 9 years. Although a (randomized 
controlled) trial in this patient category with long-term 
follow-up is needed, the literature suggests ACI could pro-
vide short- to mid-term clinical outcome and delay the 
need for TKA. The use of standardized criteria for early 
OA and implementation of (randomized) trials with long-
term follow-up may allow for further expansion of the 
research field in articular cartilage repair to the challenging 
population with (early) OA.
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