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Abstract 
BACKGROUND: Although a variety of strategies have been employed for managing articular cartilage defects in the 
knee, overall outcomes have not been satisfactory. An alternative option may be autologous chondrocyte transplantation 
(ACT). However, as this method is still under investigation, here we assessed the efficacy of ACT for human knee de-
fect cartilage repair. 

METHODS: In a randomized clinical trial study, eleven patients (mean age 31.09 years) were enrolled in the study with 
full thickness cartilage defects in the knee. Arthroscopically, healthy cartilage was obtained, chondrocytes expanded for 
2-3 weeks and ACT performed. Clinical status was evaluated before ACT, 6 and 12 months after ACT using the Britt-
berg-Peterson functional assessment and modified Cincinnati rating score. Magnetic resonance imaging (MRI) findings 
were evaluated based on the scoring systems used by Sally Roberts and by Henderson. 

RESULTS: Modified Cincinnati rating indicated significant improvement of clinical score before ACT compared to 6 (p 
= 0.000) and 12 (p = 0.000) months after ACT (from 2.73 before ACT to 7.27, 8.36 and 9.5 at 6, 12, and 48 months 
after ACT, respectively). Brittberg-Peterson functional assessment indicated a decline from 79.27 to 25.82 and 19.27 at 
6 and 12 months post ACT. Further, statistical test demonstrated significant differences 6, 12 and 48 months post ACT 
(p = 0.007). Evaluation of MRI revealed a score of 6.5 for Henderson criteria and a score of 2.5 for Robert criteria. 

CONCLUSIONS: Our study demonstrated that ACT of the knee provides an excellent treatment for full thickness cartilage 
defects with outstanding clinical and radiological outcomes. 
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rticular cartilage defects present one of 
the most common disorders of the 
large articular joints and result in a 

wide spectrum of clinical manifestations. In-
deed, the prevalence of articular cartilage de-
fects, at the time of arthroscopy, was reported 
to be around 60%.1, 2 However, it remains 

somewhat unclear that to which percentage 
these defects are symptomatic and require sur-
gical intervention.3 Considering that the 
world’s population not only continues to live 
longer but also a large proportion is more ac-
tive into later life, new methods for cartilage 
repair and regeneration are needed.  

A

www.mui.ac.ir



Treatment of full thickness cartilage defects with ACT Nazem et al 
 

856 J Res Med Sci / July 2011; Vol 16, No 7. 

 While William Hunter reported in 1943 that 
“cartilage once destroyed never heals”,4 today 
we know that given the appropriate circums-
tances, there is potential for cartilage repair. In 
1994, for the first time, Brittberg and colleagues 
established the technique of autologous chon-
drocyte implantation (ACI) reported for full-
thickness chondral injuries.1 In this technique, 
a suspension of in vitro cultured autologous 
chondrocytes are injected into the cartilage de-
fect beneath a tightly sealed periosteal flap.5 
This procedure has been implemented in sev-
eral joint defects such as the talus and ankle.6, 7 
As outcomes have been reported to be excel-
lent, with regenerated cartilage comparable to 
that of the surrounding cartilage,8 today it is 
well accepted that autologous chondrocyte 
transplantation (ACT) produces mechanically 
and functionally stable cartilage in full-
thickness cartilage defects.9 Therefore, al-
though, in vitro culture techniques are costly,10 
ACT seems to be the “gold standard” tech-
nique for cartilage defect repair.9 However, 
results of ACT in the knee are still discussed 
controversially and some studies do not rec-
ommend ACT for knee cartilage defect re-
pair.11, 12 
 We reported the use of ACT on human knee 
cartilage defect repair first in 2007. The aim of 
this study was a postoperative evaluation of 
this technique using Henderson’s MR imaging 
score; modified Brittberg-Peterson functional 
assessment and Cincinnati rating score.13 

Methods 
Study design 
This was a randomized clinical trial study that 
conducted in Alzahra hospital in Isfahan Be-
tween 2004-2007. Presented study consisted of 
11 male patients with the mean age of 31.09 
years (ranged 20 to 44 years); of which 90.9 % 
(10 patients) had the chondral lesion in the 
medial condyle and 9.1 % (one patient) had the 
chondral lesion in lateral condyle of the femur. 
Patients presented themselves with isolated 
symptomatic cartilage defects, a limited chon-
dral lesion (mean surface area: 5 cm2) and 
without generalized osteoarthritis, genu val-

gum and/or genu varum of the knee. Patients 
under 40 years old with chief compliant of 
knee pain and up to three cartilaginous lesions 
between 2-9 cm2 were entered to study and 
patients lost to follow-up were excluded.  
 Knee arthroscopy was performed in Alza-
hra hospital, Isfahan, Iran. Cartilage defect was 
inspected and a decision was made regarding 
the implementation of ACT. Mean duration of 
the symptoms before operation was 33.82 
months. Follow-up of all patients was for at 
least 12 months after surgery, additionally fol-
low-up for 4 patients continued for 48 months. 
The study was approved by the Scientific & 
Ethical Committee of Isfahan University of 
Medical Science (IUMS), Isfahan, Iran 
(No.186012). 
 
Chondrocyte isolation and culture 
After decision for performing ACT was taken, 
approximately, a 200-300 mg full thickness car-
tilage biopsy from a healthy area of the joint 
was obtained from the outer edge of the supe-
rior medial condyle, from a non-weight-
bearing area (e.g., trochlear cartilage) and im-
mediately transferred into a sterile transporta-
tion vessel containing calcium and magnesium 
free phosphate buffered saline solution at 4° C.  
 Biopsy specimens were transferred to 
Royan Institute, Isfahan Campus, for 
processing and culturing as previously de-
scribed.14, 15 Briefly, after enzymatic digestion 
of the tissue with 0.2% protease (Calbiochem, 
La Jolla, CA) for two hours in a 37°C shaking 
water bath, chondrocytes were seeded into a 
medium cell culture flask containing whole cell 
culture medium (including 
DMEM/Ham’sF12 (Dulbecco’s), modified 
Eagle’s medium containing human serum 
(10%), ascorbic acid (25 µg/ml), streptomycin 
(50 IU/ml) and penicillin (50 IU/ml)) all ob-
tained from Seromed (Munich, Germany) and 
cultured until confluency was reached. Over-
all, chondrocytes were cultured for 2-3 weeks 
and Alcian blue staining performed to confirm 
maintenance of chondrogenic phenotype be-
fore re-implantation.   
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ACT procedure 
For chondrocyte re-implantation, patients were 
readmitted to the hospital as previously de-
scribed.14, 15 To prepare for chondrocyte im-
plantation, a medial or lateral para-patellar 
arthrotomy either in left or right (depended on 
the defect site) was performed. The osteochon-
dral lesion was debrided with minimum bleed-
ing. In two patients the defect was very deep, 
so an autogenous bone graft (from proximal of 
tibia) was placed in the depth of the defect be-
fore performing ACT.  
 In the next step, the periosteal flap was har-
vested from the proximal medial tibia through 
a small separate incision over the anteromedial 
tibia just distal to the insertion of the pes ten-
dons and was fitted and sutured to the sur-
rounding rim of the cartilage with PDS. The 
periosteal flap was sealed to the rim with fibrin 
glue except for one upper corner, within which 
the cultured chondrocytes were later injected 
into the defect. The flap was tested first with 
normal saline insufflations into the space be-
tween the periosteal flap and bone layers 
through a syringe-soft catheter setup to check 
that there was no leakage. The saline was then 
aspirated from under the periosteum. After 
chondrocyte injection beneath the periosteal 
flap, the remaining defect between the perios-
teal flap and rim was sutured with PDS and 
sealed with fibrin glue (Berlin Heart, GMIBH, 
Berlin, Germany). 
 
Post-operative rehabilitation  
The postoperative rehabilitation program was 
a critical part of the treatment, including active 
and passive movement, muscle training, and 
weight-bearing exercises. Patients began phy-
siotherapy with 0°–30° angle of continuous 
passive motion beginning 6 hours after sur-
gery. The range of motion was gradually in-
creased until 12 weeks, culminating in full flex-

ion. Each patient remained non-weight-bearing 
for the 1st-4th week, with partial weight-bearing 
exercise beginning after the 4th week. By the 
12th week post ACT, patients had progressed to 
walking with full weight-bearing. Sports activ-
ity was gradually increased after 6 months; 
however, hard sporting activity was allowed 
only after 12 months. 
 
Evaluation of ACT outcome 
The clinical status of patients was evaluated 
before, 6 and 12 months after ACT, using the 
Brittberg-Peterson functional assessment (the 
best 0 to the worst 130), and modified Cincin-
nati rating score (the worst 2 to the best 10). 
Four patients were also followed for 48 month. 
Evaluation of MRI findings was performed 
based on the scoring systems used by Sally 
Roberts and by Henderson, by a blind skilled 
musculoskeletal radiologist.  
 
Statistical analysis 
Wilcoxon statistical test was used for data 
analysis in SPSS (version 18.0) and P-value < 
0.05 was considered statistically significant. 

Results 
The outcome of the ACT was rated to be good 
or excellent by 82% of the patients after 12 
months. In the 4 patients who were followed 
for 48 months rating increased to 100%, which 
is considered as excellent.  
 The results of Brittberg-Peterson functional 
assessment for all 11 patients were a mean of 
79.27 ± 16.93 before ACT and declined to 25.82 
± 7.33 and 19.27 ± 6.05 at 6 and 12 months post 
ACT (Table 1). Statistical analysis revealed a 
significant difference between Brittberg-
Peterson functional assessment scores before 
ACT compared to 6 months (p < 0.001) and 12 
months (p < 0.001) post ACT. There was also a 

 
Table 1. Brittberg-Peterson functional assessment before, 6, 12 and 48 month after surgery 

48 months after ACT 12 months after ACT 6 months after ACT Before ACT Brittberg-Peterson 

11.75 19.27 25.82 79.27 Mean 

2.36 6.05 7.33 16.9 Std. deviation 

10 5 6 47 Min 

15 28 35 110 Max 
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statistical significant difference between 6 and 
12 months post ACT in Brittberg-Peterson 
functional assessment (p = 0.001). In the 4 pa-
tients that were followed for 48 month post 
ACT, Brittberg-Peterson functional assessment 
decreased from 86.25 ± 17.02 before ACT to 
11.75 ± 2.36 48 months after ACT, and was sta-
tistical significant (p = 0.003 , p = 0.001 and p = 
0.001 respectively). The results of Wilcoxon test 
demonstrated a statistical difference (p = 0.007) 
for the score before ACT to 6, 12 and 48 month 
post ACT.  
 The modified Cincinnati rating score for all 
11 patients was 2.73 ±1.01 before ACT. It im-
proved to 7.27 ± 1.35 and 8.36 ± 1.50 at 6 and 12 
months post ACT (Table 2). Statistical analysis 
revealed a significant difference of modified 
Cincinnati rating score comparing patients be-
fore and after 6 months (p < 0.001) and 12 
months (p < 0.001) post ACT. A statistically 
significant difference of the modified Cincin-
nati rating score was also found between 6 and 
12 month follow up post ACT (p = 0.007). In 
the 4 patients which were followed up to 48 
month post ACT, modified Cincinnati rating 
score increased from 2.50 ± 1.0 before ACT to 
9.50 ± 1 after 48 month post ACT, and was sta-
tistically significant (p = 0.001).  
 Para clinical evaluation by the MRI scoring 
system revealed a score of 2.5 for Robert crite-
ria (Table 3) and a score of 6.5 for Henderson 
criteria (Table 4). 

Discussion 
The aim of the presented clinical study was to 
evaluate the clinical outcome of ACT on cir-
cumscribed human knee cartilage defects after 

follow up of 6, 12 or 48 months. Excellent clini-
cal outcome on all 11 patients after 6, 12 and 48 
months follow up was obtained as defined by 
modified Cincinnati score, Brittberg-Peterson 
assessment and para-clinical MRI scoring by 
Henderson and Robert criteria.  
 The outcome of the ACT 12 months after 
treatment was rated as good or excellent by 
82% of the patients. In 4 patients who were fol-
lowed for 48 month this rate was 100%. In the 
presented study we compared the modified 
Cincinnati rating score and Brittberg-Peterson 
functional assessment in regard to their influ-
ence on ACT outcome rating. The findings re-
veal that the Cincinnati score increased after 
ACT treatment while the Brittberg-Peterson 
functional assessment score decreased after 
ACT, thus suggesting ACT improves function-
al capacity of knee including range of motion 
and decreases the symptoms of articular de-
fects including pain while sitting, and/or dur-
ing joint movement, locking, joint instability 
and running. 
 Para clinical evaluation by MRI scoring re-
vealed a score of 6.5 out of 14 for Henderson 
criteria and a score of 2.5 out of 4 for Robert 
criteria. The results of Robert criteria were 
higher than in a previous study by Moriya et 
al.,16 while our Henderson score was lower 
than what had been reported by them, thus 
suggesting that our ACT outcome was better 
in some aspects of MRI scoring.  
 Our results concur with other studies that 
excellent results for graft integrity and short 
term follow up of ACT were observed.1, 17, 18 In 
a systematic review on ACT by Jobanputra et 
al. on 2600 patients, it was concluded that the

 
Table 2. Modified Cincinnati rating score before, 6, 12 and 48 month after surgery 

48 months after ACT 
Patient(percentage) 

12 months after ACT 
Patient(percentage) 

6 months after ACT 
Patient(percentage) 

Before ACT 
Patient(percentage) 

Cincinnati 
score 

0 0 0 7 (63.6%) 2 (Poor) 

0 0 0 4 (36.4 %) 4 (Fair) 

0 2 (18.2%) 5 (45.5%) 0 6 (Good) 

1 (25%) 5 (45.5%) 5 (45.5%) 0 8 (Very good) 

3 (75%) 4 (36.4 %) 1 (9%) 0 10 (Excellent) 

9.50±2.11 8.36±1 7.27±3.1 2.73±0.79 Mean score 
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Table 3. Robert’s Magnetic resonance (MR) imaging score 

Feature Score 

I. Surface integrity and contour 1 = normal or near normal, 0 = abnormal 

II. Cartilage signal in graft region 1 = normal or near normal, 0 = abnormal 

III. Cartilage thickness 1 = normal or near normal, 0 = abnormal 

IV. Changes in underlying bone 1 = normal or near normal, 0 = abnormal 

Maximum total possible 4 (minimum: 0 is the worst) 

 
outcome of the ACT two years after treatment 
was rated as good or excellent by 70% of the 
patients.18 Furthermore, Erggelet and col-
leagues determined ACT as “a safe and effec-
tive method for the treatment of large full 
thickness cartilage defects”.1 Clinical assess-
ment of ACT by Bentley et al. also showed that 
88% of patients had excellent or good results 
and 82% had excellent or good repairs in arth-
roscopy at one year post ACT.17 In a multicen-
ter cohort study, it was further concluded that 
“ACT is a viable treatment option that may 
yield relatively long-term symptomatic relief 
and functional improvement”.19 In our study 
the modified Cincinnati rating score improved 
from 2.73 before ACT to 7.27, 8.36 and 9.5 at 6, 
12 and 48 month post ACT. These results are 
similar to clinical outcome of a study by Scor-
rano et al., were the modified Cincinnati rating 
score improved from 2.2 before ACT to 7.6, 9, 
and 9.6 at 6, 12, and 24 months post ACT.20 
 However, although our results and results 
from the above mentioned studies were excel-
lent, several studies also found contradictory 

findings after knee ACT. O'Driscoll et al.11 did 
not recommend ACT in general population 
and Gikas et al.21 even suggested that 80% of 
the patients have early pain relief but after 8 
years 80% have osteoarthritis and 75% showed 
poor clinical results. Furthermore, Clar et al.22 
concluded that there is insufficient evidence to 
suggest that ACT is cost-effective compared 
with microfracture or mosaicplasty  and Horas 
et al.23 reported that the defects treated with 
ACT were primarily filled with fibrocartilage. 
A study by Knutsen et al.24 further suggested 
that microfracture is a less costly and less inva-
sive procedure and should be preferred as the 
first-line cartilage repair procedure and that 
ACT may be preferred only as a second-line 
treatment. However, it is important to note 
that inclusion criteria of these studies were 
broad, and little consideration was paid to 
patients´ age or the size and location of the 
defects.  
 Mandelbaum et al.12 also report that the de-
gree of improvement was not significantly dif

 
Table 4. Henderson ’s MR imaging score  

Feature Score 
I. Fill of the repair site Complete = 1, 

>50% of the defect = 2 
<50% of the defect = 3 

Full-thickness defect = 4 
II. Signal at the repair site Normal = 1, Nearly normal = 2, 

Abnormal = 3, Absent = 4 
III. Bone marrow edema Absent = 1, Mild = 2. Moderate = 3, 

Severe = 4 
IV. Joint effusion Absent = 1, Mild = 2. Moderate = 3, 

Severe = 4 
Minimum total possible 4 (maximum: 16 is the worst) 
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ferent between patients who had a concurrent 
procedure with ACT than those who did not, 
however they did not take into consideration 
the history of failed marrow stimulation pro-
cedure in their exclusion criteria and 48% of 
their case had a history of failed marrow sti-
mulation. 

Conclusion  
The findings that were obtained in this study 
provided clear evidence that indeed the Auto-

logous Chondrocyte Transplantation is an ex-
cellent method for full thickness cartilage re-
pair of limited size and well-defined human 
articular knee cartilage defects as considered in 
this study. 
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