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Abstract Autologous chondrocyte implantation
(ACI) and osteochondral autograft transplantation
(OAT or mosaicplasty) are two effective surgeries
for the treatment of large cartilage defects for more
than two decades. But there are always some contro-
versies about which one has the better outcomes for
the patients. The purpose of this meta-analysis is to
compare the outcomes of these two surgeries and give
an advice to the clinical practices. The literature search
was performed on multiple electronic databases with
specific included criteria. After the assessments, five
Randomized controlled trials (Ievel II) were included
and two of them were in the same cohort. The
continuous data of outcomes were categorized into
ranked ones (excellent, good, fair and poor) for
comparisons. In the six comparisons of excellent or
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good results and poor results, the outcomes of ACI
were significantly better than OAT in only one
comparison (RR 2.57, 95 % CI 1.09-6.07, P = 0.03)
while others had no significant differences. We may
reach a primary conclusion that there is no significant
different outcome between ACI and OAT in a short-
term follow-up but it may indicate that the patients
with OAT may be more likely to have worse condition
than that with ACI for a long-term period.

Keywords Osteochondral autograft transplantation -
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Introduction

Articular hyaline cartilage is an avascular tissue which
covers the surface of the bone in a joint for low-friction
motion and weight-bearing capacity. It is usually less
than 3 mm and likely to suffer from trauma or
degeneration (Smith et al. 2005; Chiang and Jiang
2009). The joints with cartilage defects usually have
the symptoms of pain, articular effusion and crepitus
that are hard to relief. For the lack of access to
abundant nutrients or circulating progenitor cells,
articular cartilage has a poor self-repair capacity after
injury and these defects are easy to progress into
osteoarthritis with pain and instability (Huey et al.
2012). Thus the cartilage defects often require surgical
intervention for a better function.
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The surgical interventions in knee can be classified
as reparative and reconstructive surgeries. The repar-
ative surgery includes microfracture, drilling and
abrasion arthropasty and the reconstructive surgery
comprises allograft transplantation, osteochondral
autograft transplantation (OAT) and autologous chon-
drocyte implantation (ACI) (Stroh et al. 2011).
According to the results of clinical trials and review
articles, reparative surgery is more effective on the
smaller defects (<100 mm?) than reconstructive sur-
gery while in large defects (>100 mm?), reconstructive
surgery performs better (Perera et al. 2012; Smith et al.
2005). Osteochondral autograft transplantation and
autologous chondrocyte implantation are two popular
methods in the treatment of large cartilage defects.

Osteochondral autograft transplantation, also
known as osteochondral cylinder transplantation or
mosaicplasty, is a technique that was described in
1990s (Matsusue et al. 1993; Hangody and Karpati
1994). It uses the osteochondral grafts taken from
lighter-load-bearing areas of patient’s own joint to fill
the focal defects (Hangody et al. 1998). Autologous
chondrocyte implantation is put forward in the same
period (Brittberg et al. 1994) but it is a totally different
technique from osteochondral autograft transplanta-
tion. It needs to get the chondrocytes from the patient’s
joint and expand them in vitro for the reimplantation
(Chilelli et al. 2014). However, for the treatment of
large cartilage defects, it still remains controversial
that which method has better outcomes. So this meta-
analysis mainly aimed to compare the efficacy of
osteochondral autograft transplantation with autolo-
gous chondrocyte implantation in the treatment of
large cartilage defects of knee.

Materials and methods
Search strategy

The literature search was performed on November 5,
2014 through the electronic databases: PubMed (1966
to November 2014), OVID (1974 to November 2014),
The Cochrane Library (Issue 10 of 12, October 2014)
and SinoMed (1978 to November 2014). The search
terms and Boolean operators used were as follow:
[(osteochondral autograft transplantation or osteochon-
dral autologous transplantation or mosaicplasty or
osteochondral cylinder transplantation) and (autologous
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chondrocyte implantation or autologous chondrocyte
transplantation or matrix-assisted chondrocyte implan-
tation)]. No language or article type restrictions were
included in search strategy. The eligibility criteria are
presented in Table 1.

Study selection and data collection

After excluding the duplicates, two reviewers inde-
pendently screened the titles and abstracts of the initial
studies to determine if each article might meet the
eligibility criteria. Studies which definitely failed to
meet the eligibility criteria were excluded. The rest
studies were screened the full text without the authors,
institutions, journal of publications and results. The
studies which had disagreement in either assessment
were screened by the third reviewer to determine
whether the studies were included or not.

Each included randomized controlled trials were
assessed by two reviewers according the assessment of
study quality from randomization, allocation conceal-
ment, blinding, drop-out and outcomes. For each eligible
study, information was extracted as follows: first
author’s name, year and country of publication, study
design, follow-up period, setting, mean age and defect
size of patients and postoperative functional assessment.
We attempted to contact the authors through emails for
the data that was not presented on the paper.

Statistical analysis

The extracted information from each study was turned
into dichotomous data to describe the postoperative
outcomes. The data was expressed as risk ratios (RR)
and 95 % confidence intervals (CIs) and was com-
bined by the method of Mantel and Haenszel to test
significance and homogeneity. The statistical hetero-
geneity was evaluated by y? test and I” statistics. The
pooled effect was calculated in fixed-effect model
when there was no significant heterogeneity (P > 0.10
and I? < 50 %), or random-effects model was used.

Results
Study selection (Fig. 1)

The initial literature research identified 850 potential
relevant studies with 108 duplicates. After the screen
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Table 1 Eligibility criteria

Study Randomized controlled trial
design
Population  Patients with focal symptomatic cartilage defects of III or IV Outerbridge grade (larger than 100 mm?) on the medial,

lateral femoral condyle or patella

Intervention Osteochondral autograft transplantation (mosaicplasty)

Control Autologous chondrocyte implantation (no matrix-assisted ACI)
Timing Studies with a minimum follow-up period of 1 year
Outcome Postoperative function assessed with clinical scores

of title, abstract and full text according to the
eligibility criteria, 5 studies were included: Bentley
et al. (2003, 2012), Dozin et al. (2005), Horas et al.
(2003), Lim et al. (2012) (Table 2). The Kappa value
was 0.828 for the title and abstract screening and 0.876
for the full-text screening. Two reviewers had a
controversy on Dozin et al. (2005) which was included
after discussion. All the studies were randomized
controlled trials with evidence level II (evidence level
as declared by the journal in which the study was
published). Two studies were in the same cohort with

different follow-up periods (Bentley et al. 2003,
2012).

Study characteristics

Bentley et al. (2003) had a total of 100 patients and 96
had osteochondral defects on medial/lateral femoral
condyle or patella. The clinical results were graded as
excellent (>80), good (55-79), fair (30-54) or poor
(<30) by the assessment of modified Cincinatti rating
system at 12 months. This study also used arthroscopy

Fig. 1 Process of selection .
of eligible studies Initial Search through
PubMed. OVID, SinoMed,
the Cochrane Library
N=850
Duplicates
N=108
Title and Abstracts screened
N=742
Excluded
N=718
Full-text screened
N=24
Excluded
N=19
Not RCT about ACI and OAT: 15
Duplicated conference proceedings: 3
Letters to the Editor: 1
Included
N=5
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Table 2 Characteristics of the studies included in the meta-analysis

Study Country Study Level of Minimum Setting OAT ACI Mean Mean defect
design evidence follow-up(Months) age size (mmz)
(years)

Lim et al. (2012) South Korea RCT I 36
Bentley et al. (2012) England RCT 1I 120
Dozin et al. (2005) Italy RCT 11 12
Bentley et al. (2003) England RCT II 12
Horas et al. (2003) Germany RCT 11 24

Single-center 22 18 28.0 279.0
Single-center 42 58 313 466.0
Multicenter 22 22 28.8 192.5
Single-center 42 58 31.3 466.0
Single-center 20 20 33.4 375.0

to assess the results according to the International
Cartilage Research Society (ICRS) grading system in
60 patients. There were no lost in follow-up patients.

Bentley et al. (2012) used the same cohort with
Bentley et al. (2003) and 6 patients were lost (5 ACI
patients and 1 OAT patient). This study reported the
5-year failure rate (failure was defined as the poor
result by the assessment of modified Cincinatti rating
system) and 63 patients were taken arthroscope to
evaluate the outcomes.

Dozin et al. (2005) was a multicenter trial of 5
orthopedic units with 47 patients registered and 3
quitted. The results were presented on the basis of
Lysholm Knee Scoring Scale (LKSS). There was a
poor follow-up at 12 months with 18 out of 44 (41 %)
so that the outcomes of 37 patients was categorized
into four classes: LKSS < 60, LKSS = 69-90,
LKSS > 90 and subjective improvement.

Horas et al. (2003) included 40 patients with the
lesion on the medial/lateral femoral condyle. Seven of
twenty patients with ACI and four of twenty patients
with OAT had arthroplasty or spongiolization previ-
ously. The postoperative results were presented as
enumeration data by Lysholm, Tegner and Meyers
scores and ranked data by chief complaint. No
participants were lost to follow-up.

Lim et al. (2012) investigated 30 knees with
microfracture, 22 with OAT and 18 with ACI which
were compared postoperatively by Lysholm score,
Tegner score, Hospital for Special Surgery score,
modified Outerbridge cartilage grades using MRI and
International Cartilage Research Society (ICRS) grad-
ing system using arthroscopy. MRI was taken on 36 of
40 (90 %) while arthroscopy was used on 32 of 40
(80 %) and the results was ranked as excellent (1),
good (2), fair (3), poor (4).
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The outcome measurements of these studies were
different from each other and there are no satisfied
responses from the authors by emails, so we catego-
rized the results into the grades as excellent, good, fair
and poor results (Table 3 and Table 4). Four studies
(Bentley et al. 2003; Dozin et al. 2005; Horas et al.
2003; Lim et al. 2012) were included first for the
comparison of the excellent or good results (Table 3
presented the outcome assessments used in the com-
parisons) and Fig. 2 showed that the P value was 0.06
and there was no significant overall results. Figure 3
displayed the results that Dozin et al. (2005) was
excluded for the poor follow-up and dissatisfied
outcome assessments and the total RR was 0.85 with
a95 % confidence interval of (0.73, 1.00). In these two
comparisons, neither ACI nor OAT had more satisfied
outcomes in about one-year period. Then, we included
five studies (Bentley et al. 2003, 2012; Dozin et al.
2005; Horas et al. 2003; Lim et al. 2012) for the
comparison of postoperative poor results between
these two therapies (Table 4 presented the outcome
assessments used in the comparisons). Bentley et al.
(2003, 2012) were not used in one comparison for they
came from the same cohort with different follow-up
periods. Figures 4 and 5 which included Bentley et al.
(2003) with/without Dozin et al. (2005) showed no
significant results and the P values were 0.12 and 0.19.
Lastly, we used Bentley et al. (2012) which had a five-
year follow-up to replace Bentley et al. (2003) (1-year
follow-up) (Figs. 6, 7) and there was a significant
overall effect with Dozin et al. (2005) excluded. In
Fig. 7, the overall RR was 2.57 with a 95 %
confidence interval of (1.09, 6.07) and it revealed
OAT had poorer outcomes than ACI in statistics.
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Table 3 Characteristics of the studies for the comparison of excellent or good results
Study Outcome: excellent or good results Follow-up OAT ACI
(months)
Events Total Events Total
Bentley et al. (2003) Cincinatti rating system (55-100) 12 26 39 50 57
Dozin et al. (2005) Lysholm Knee Scoring Scale (60-100) 12 18 18 18 19
and subjective improvement
Horas et al. (2003) Substantial improvement 24 17 20 17 20
Lim et al. (2012) International Cartilage Repair Society 12 14 17 13 15
(ICRS) repair grade (1 or 2)
Table 4 Characteristics of the studies for the comparison of poor results
Study Outcome: poor Follow-up OAT ACI
(months)
Events Total Events Total
Bentley et al. (2003) Cincinatti rating system (0-30) 12 7 39 0 57
Bentley et al. (2012) Cincinatti rating system (0-30) 60 11 36 4 55
Dozin et al. (2005) Lysholm Knee Scoring Scale (0-60) 12 0 18 1 19
Horas et al. (2003) Increase in pain and deterioration of function 24 0 20 1 20
Lim et al. (2012) International Cartilage Repair Society 12 17 1 15
(ICRS) repair grade (4)
OAT ACl Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bentley 2003 26 39 50 57 241% 0.76 [0.60, 0.97] —
Dozin 2005 18 18 18 19 335% 1.05[0.91,1.22)
Horas 2003 17 20 17 20 226% 1.00[0.77,1.30)
Lim 2012 14 17 13 15 19.8% 0.95[0.71,1.28) —
Total (95% Cl) 94 111 100.0% 0.94 [0.79, 1.13] -
Total events 75 98
Heterogeneity: Tau?= 0.02; Chi*= 7.48, df= 3 (P = 0.06); F= 60% = f —t
05 07 1 15 2

Test for overall effect: Z= 0.64 (P =0.52)

Fig. 2 Comparison of excellent or good results

Favours ACl Favours OAT

OAT ACI Risk Ratio Risk Ratio
Study or Subgqroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bentley 2003 26 39 50 57 56.9% 0.76 [0.60, 0.97] ——
Horas 2003 17 20 17 20 238% 1.00[0.77,1.30)
Lim 2012 14 17 13 15 19.3% 0.95(0.71,1.28] — &
Total (95% CI) 76 92 100.0% 0.85[0.73, 1.00] <
Total events 57 80
Heterogeneity: Chi*= 2.80, df= 2 (P = 0.25); = 29% f t f f
Test for overall effect. Z=1.96 (P = 0.05) 05 07 1 15 :
Favours ACl Favours OAT

Fig. 3 Comparison of excellent or good results (without Dozin et al. 2005)
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OAT ACI Risk Ratio Risk Ratio
Study or Subgqroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bentley 2003 7 39 0 57 9.2% 21.75[1.28,370.13]
Dozin 2005 0 18 1 19 33.0% 0.35(0.02, 8.09] — &
Horas 2003 0 20 1 20 33.8% 0.33[0.01,7.72) — T
Lim 2012 1 17 1 15 24.0% 0.88 [0.06,12.91) -
Total (95% CI) 94 111 100.0% 2.44[0.87, 6.85] ‘
Total events 8 3
Heterogeneity: Chi*= 5.85, df= 3 (P = 0.12); F= 49% t t t t
Testfor overall effect: Z= 1.70 (P = 0.09) 0.002 01 1 10 500
Favours ACl Favours OAT
Fig. 4 Comparison of poor results (with Bentley et al. 2003)
OAT ACI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bentley 2003 7 39 0 57 338% 21.75([1.28,370.13) —
Horas 2003 0 20 1 20 30.9% 0.33[0.01,7.72) I R
Lim 2012 117 1 15 353% 0.88 [0.06, 12.91] i
Total (95% Cl) 76 92 100.0% 1.93[0.15, 25.04]
Total events 8 2
Heterogeneity: Tau®= 2.97; Chi*= 4.75, df = 2 (P = 0.09); F= 58% f f t i
Test for overall effect: Z= 0.50 (P = 0.61) 0.001 0.1 1 10 1000
Favours ACl Favours OAT
Fig. 5 Comparison of poor results (with Bentley et al. 2003 and without Dozin et al. 2005)
OAT ACI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bentley 2012 11 36 4 55 44.0% 4.20([1.45,12.18) ——
Dozin 2005 0 18 1 19 20.3% 0.35(0.02, 8.09) -
Horas 2003 0 20 1 20 20.9% 0.33[0.01,7.72) =
Lim 2012 1 17 1 15 14.8% 0.88(0.06,12.91)
Total (95% Cl) 91 109 100.0% 2.12[0.96, 4.71] ‘
Total events 12 7
Heterogeneity: Chi*= 4.59, df= 3 (P = 0.20); IF= 35% f f f i
Test for overall effect: Z=1.85 (P = 0.06) 0.01 0.1 1 10 100
Favours ACl Favours OAT
Fig. 6 Comparison of poor results (with Bentley et al. 2012)
OAT ACI Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bentley 2012 1 36 4 55 553% 4.20[1.45,12.18) —i—
Horas 2003 0 20 1 20 26.2% 0.33[0.01,7.72) =
Lim 2012 1 17 1 15 18.6% 0.88(0.06,12.91)
Total (95% Cl) 73 90 100.0% 2.57 [1.09, 6.07] ’
Total events 12 6
Heterogeneity: Chi*= 3.05, df= 2 (P = 0.22); IF= 34% f f f i
0.01 0.1 1 10 100

Test for overall effect: Z=2.16 (P=0.03)

Fig. 7 Comparison of poor results (with Bentley et al. 2003 and without Dozin et al. 2005)
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Discussion

OAT and ACI are two effective surgeries for the
treatment of large cartilage defects that usually bigger
than 100 mm? (Perera et al. 2012).

In surgical techniques, OAT needs multiple cylin-
drical autogenous osteochondral plugs which are
usually taken from the less weight-bearing joint area
as a mosaic to fill the lesions for a resurfaced area.
Therefore it is usually used in the defect that is less
than 400 mm? for the limitation of autograft and may
have some complications years after the cylindrical
cutting devices. It also has some limitations such as the
absence of fill among the mosaics and different
orientations of the surfaces of plugs (Bedi et al.
2010; Robert 2011; Bekkers et al. 2009). In the
arthroscopical and histological results, smooth surface
with hyaline or hyaline-like cartilage could be seen in
the most of OAT cases but some patients had a circular
gap between the transplanted and surrounding resident
cartilage (Bentley et al. 2003, Horas et al. 2003).

ACI has a more complicated procedure than OAT
since ACI needs at least two operations. Firstly, the
joint should be evaluated by arthroscopy to assess the
injury. It also needs full-thickness cartilage biopsy for
chondrocyte culturing and expansion (Smith et al.
2005). Obviously, the injury of preparation for the
surgery is much less than that of OAT but ACI needs
more time and higher cost. Because of the chondrocyte
culturing, ACI usually used for the defects over
400 mm? (Bekkers et al. 2009). There are various
kinds of technique for implantation, such as perios-
teum-covered ACI, collagen-covered ACI, matrix-
induced ACI and ACI within a 3D scaffold (Harris
et al. 2011; Brittberg 2010; Marlovits et al. 2006). In
the included studies, three used the surgical techniques
of periosteum-covered ACI while the rest two (Bent-
ley et al. 2003, 2012) used ACI covered with porcine
collagen membrane or periosteum. In the most cases
of ACI, fibrous repair tissues or fibrocartilage and
monodirectional collagen bundles were grown with
the surfaces rippled or rough and some had overgrown
the level of the surrounding cartilage. Only did a few
patients have the results with hyaline or hyaline-like
cartilage (Horas et al. 2003; Bentley et al. 2003;
Roberts et al. 2009; Huey et al. 2012).

In recent years, there have been several systematic
reviews discussing the outcomes of these surgeries,
but as little researches and high heterogeneity, no

powerful conclusion was drawn (Goyal et al. 2014;
Bekkers et al. 2009; Vasiliadis and Wasiak 2010). In
this meta-analysis, there were five randomized con-
trolled trials about OAT and ACI included with two of
them in one cohort and we included one more study
than the previous reviews (Bentley et al. 2012). For
these five studies, various outcome assessments
(Lysholm score, Meyers score, Tegner activity score,
Hospital for Special Surgery score, International Knee
Documentation Committee Scale, mofied Outerbridge
cartilage grades using MRI, International Cartilage
Repair Society repair grade using arthroscopy) and
statistic data (quantitative data and quantitative data)
were used and no available unified criteria and data
remained. We attempted to communicate with the
authors for the details of data but there were no
positive responses. Consequently, we utilized the
ranked data extracted from the original articles.
Bentley et al. (2003) used the assessments of modified
Cincinatti rating system in 100 patients (100 %) and
International Cartilage Research Society (ICRS) in 60
patients (60 %). As a result we prefer the former one
for the comparison. Same condition was found in
Bentley et al. (2012) where 94 patients (94 %)
assessed by Cincinatti rating system while only 63
patients (63 %) by ICRS. In Lim et al. (2012), the
available outcomes were presented by MRI (36 of 40,
90 %) and arthroscopy (32 of 40, 80 %) but we
considered the results of arthroscopy were more
precise and credible. Dozin et al. (2005) and Horas
et al. (2003) had no more available choices in ranked
data for comparison. In the quality assessment of all
the studies included, we found that Dozin et al. (2005)
was a multicenter trial with different operators and
technique, poor follow-up, dissatisfied outcome
assessments and smaller mean defect size
(192.5 mm?). So we did the meta-analysis without
Dozin et al. (2005) to reduce its interference.

The pooled outcomes of each study were graded as
excellent, good, fair and poor. In the comparison of the
results with the follow-up of 1-2 years, whether good
or poor, there was no significant difference between
OAT and ACI. However, when we replaced Bentley
et al. (2003) with Bentley et al. (2012) which had a
longer follow-up, we could see the significant result
that OAT was poorer. So in the short-term, we may not
distinguish which one has the better outcomes. Both of
these two techniques can cover the large cartilage
defects and relief the symptom obviously but as time
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goes on, the disadvantages shows. In OAT, the injuries
for autografts, absence of fill and differences in
orientation may influence the outcomes in the future
and patients can not afford another OAT operation. In
contrast of OAT, ACI has huge potential to be
renovated into a more effective technique with the
development of tissue engineering and can be taken
repeatedly on one patient.

In the six comparisons of the excellent or good
results and the poor results, we may reach a primary
conclusion that there is no significant different
outcomes between ACI and OAT in a short-term
follow-up but it may indicate that the patients with
OAT may be more likely to have worse conditions
than that with ACI for a long-term period.

Obviously, there were some limitations in this
study. For this meta-analysis, although all the included
studies were RCTs, the qualities of them were not
satisfied (level IT) and these results might have placebo
effects. Moreover, the outcome measurements of the
studies were different from each other and we had to
categorize the quantitative data into crude grades for
comparisons. Different selections of patients, opera-
tive technique and rehabilitation program might also
cause the heterogeneity. The heterogeneity made it
difficult to reach a conclusion that was strong enough,
so more high-quality randomized controlled trials and
other clinical trials are needed urgently with unified
criteria, surgical techniques and long-term follow-up.
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