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Abstract
Purpose  Third-generation autologous chondrocyte implantation (ACI) is an established and frequently used method and 
successful method for the treatment of full-thickness cartilage defects in the knee. There are also an increasing number of 
patients with autologous chondrocyte implantation as a second-line therapy that is used after failed bone marrow stimula-
tion in the patient’s history. The purpose of this study is to investigate the effect of previous bone marrow stimulation on 
subsequent autologous chondrocyte implantation therapy. In this study, the clinical results after the matrix-based autologous 
chondrocyte implantation in the knee in a follow-up over 3 years postoperatively were analysed.
Methods  Forty patients were included in this study. A total of 20 patients with cartilage defects of the knee were treated 
with third-generation autologous chondrocyte implantation (Novocart® 3D) as first-line therapy. The mean defect size was 
5.4 cm2 (SD 2.6). IKDC subjective score and VAS were used for clinical evaluation after 6, 12, 24 and 36 months postop-
eratively. The results of these patients were compared with 20 matched patients with autologous chondrocyte implantation 
as second-line therapy. Matched pair analysis was performed by numbers of treated defects, defect location, defect size, 
gender, age and BMI.
Results  Both the first-line (Group I) and second-line group (Group II) showed significantly better clinical results in IKDC 
score and VAS score in the follow-up over 3 years compared with the preoperative findings. In addition, Group I showed 
significantly better results in the IKDC and VAS during the whole postoperative follow-up after 6, 12, 24 and 36 months 
compared to Group II with second-line autologous chondrocyte implantation (IKDC 6 months p = 0.015, 1 year p = 0.001, 
2 years p = 0.001, 3 years p = 0.011). Additionally, we found a lower failure rate in Group I. No revision surgery was per-
formed in Group I. The failure rate in the second-line Group II was 30%.
Conclusion  This study showed that third-generation autologous chondrocyte implantation is a suitable method for the 
treatment of full-thickness cartilage defects. Both, Group I and Group II showed significant improvement in our follow-up. 
However, in comparing the results of the two groups, autologous chondrocyte implantation after failed bone marrow stimu-
lation leads to worse clinical results.
Level of evidence  III

Keywords  ACI · Second-line therapy · Cartilage

Introduction

Full-thickness cartilage defects, known as pre-arthritic 
lesions [7], often cause significant pain and disabil-
ity for the patient [1]. It is well known that the intrin-
sic regeneration capacity of the cartilage is very limited 
and the healing likelihood of once damaged cartilage is 
very small [16]. Surgical medical options in these cases 
include bone marrow stimulation (BMS) techniques such 
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as microfracturing, osteochondral cylinder transplantation 
and autologous chondrocyte implantation (ACI) [23, 37, 
45].

Bone marrow stimulation techniques like microfracture 
expose the subchondral bone marrow and create a blood 
clot in the chondral defect, ultimately recruiting mesenchy-
mal stem cells that heal the defect with a fibrocartilaginous 
scar [41]. Due to the technical simplicity, short surgical 
times, low cost, and lack of need for additional equip-
ment, BMS has become a popular first-line treatment for 
chondral defects [28, 45]. Microfracture has historically 
demonstrated good to excellent results in active patients 
with small defects at short-term follow-ups [13, 14, 26, 
40, 45]. However, the quality of the new regenerated tis-
sue after microfracturing seems to be inferior to that after 
ACI, as shown by an investigating the histomorphometry 
and the overall histologic evaluation in the randomised 
control trial of patients [38].

Autologous chondrocyte implantation, which is a more 
elaborate and expensive procedure has been proven by 
several studies to be an appropriate method for treatment 
of larger full-thickness cartilage defects in knee [10, 21, 
29–31, 35]. Since the first ACI, there have been many 
improvements in this procedure. The third-generation 
autologous chondrocyte implantation, where the chon-
drocytes are seeded on an absorbable matrix, simplified 
the operative procedure and produced comparable clinical 
results [12].

There are many studies comparing the ACI with BMS 
options and they have provided various results [3, 18, 42]. 
There seems to be a general agreement that BMS is appro-
priate for small defects, while ACI is more suitable for larger 
defects > 3.5 cm2 [30]. In selecting the appropriate proce-
dure, a variety of patient-related (sex, age, BMI, activity 
level) and defect-related (lesion size, location, prior proce-
dures) aspects need to be considered. To date, there has not 
been much information regarding the results of the subse-
quent third-generation ACI after the failure of the first-line 
cartilage therapy.

The aim of this study is the investigation of the clini-
cal results after third-generation autologous chondrocyte 
implantation as first-line and second-line therapy after failed 
previous cartilage therapy with bone marrow stimulation 
technique. This study was focused on investigating the effect 
of previous BMS on subsequent autologous chondrocyte 
implantation therapy. The question arises, if autologous 
chondrocyte implantation is a suitable method for treatment 
of full-thickness cartilage defects in both situations. The fol-
lowing hypothesis was generated from the questions above: 
second-line autologous chondrocyte implantation after failed 
BMS leads to inferior outcomes in comparison to patients 
with the autologous chondrocyte implantation as first-line 
therapy.

Materials and methods

In this prospective study, 40 patients with cartilage defects 
of knee classified as grades III–IV according to the Inter-
national Cartilage Repair Society (ICRS) were treated with 
third-generation ACI (NOVOCART® 3D, TETEC AG, 
Reutlingen, Germany). All patients were treated according 
to the guidelines of the working group Tissue Regeneration 
of the German Society for Orthopaedic and Trauma Sur-
gery [30]. A matched pair analysis was performed with 20 
patients with ACI after failed previous cartilage therapy 
with bone marrow stimulation technique (Group II) and 20 
patients with ACI without previous cartilage therapy (Group 
I) was created. The criteria for pair matching were numbers 
of treated defects and defect location. If there were multiple 
options, the criteria gender, aetiology, defect size, BMI and 
age were used for pair matching (Table 1).

The International Knee Documentation Committee 
(IKDC) Subjective Knee Form and the visual analogue 
scale (VAS) at rest and during activity were used after 6, 
12, 24, and 36 months postoperatively to evaluate the clini-
cal outcomes.

Surgical technique

All patients were treated with NOVOCART® 3D (TETEC 
AG, Reutlingen, Germany), a third-generation ACI. In the 
initial arthroscopic procedure of the knee joint, which con-
firmed the full-thickness cartilage defect of ICRS III–IV, two 
or three osteochondral cylinders were harvested from the 
non-weight bearing place at the intercondylar notch and sent 
in a sterile nutrient solution to the manufacturer. Developing 
and cultivation time was approximately 3–4 weeks. After 
cultivation, the cells were seeded on a collagen I/III biphasic 
scaffold, with a dense membrane and a spongy part of pores. 
The ACI procedures were performed with a parapatellar 
arthrotomy of the knee joint, the cartilage defect measured 
and debrided to create the healthy rim. The ACI scaffolds 
were cut to the needed size and placed with the cell-seeded 
spongy part into the debrided cartilage defect. Afterwards 
the grafts were fixed with absorbable sutures. Perioperative 
antibiotic prophylaxis was done with intravenous Cefuro-
xim 1.5 g. In cases with existing deformities or pathologies, 
additional co-operations were performed.

Rehabilitation

Postoperative rehabilitation was carried out with a stand-
ardised protocol. In patients with femoral cartilage defects, 
rehabilitation began with use of a continuous passive motion 
(CPM) device after 24 h of bed rest and drain removal. 
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During the first 6 weeks post-operation, only a partial load 
of 20 kg for the femoral cartilage defects was permitted. 
In patients with patellar defects, a limited knee brace was 
fitted with flexion to 30° for 2–3 weeks and was gradually 
increased in the next weeks. Full weight bearing was allowed 
with full extension after wound healing. All patients were 
also treated by physical therapists. Moderate physical activi-
ties such as cycling, swimming, and Nordic walking were 
not allowed until 3 months postoperatively. High-impact 
sports (e.g., soccer, basketball) were not allowed earlier than 
12 months after surgery. Institutional review board (IRB) 
approval was obtained from the ethical committee of the 
Ludwig Maximilian University (LMU) of Munich (344-12).

Statistical analysis

For the statistical analysis of the clinical data, the statistic 
program SPSS (Statistical Package for the Social Sciences, 
Chicago, IL, USA) was used. All patients were detected 
with a failed previous BMS. Accordingly, a matched paired 
analysis was performed as described above. To calculate the 
required sample size, power analysis was performed with 
G*Power (version 3.1) using a t test (alpha 0.05, power of 
0.95, two-tailed). A minimum total sample size of 57 were 
calculated (medium effect size of 0.5). For the detection of 
significant differences between the two groups at the same 
time of investigation, the Wilcoxon or Friedman test was 
carried out for paired samples. To compare multiple groups 
of non-related samples at one point, the Mann–Whitney U 

test was used. A statistically significant result of p < 0.05 
was reported.

Results

Patient characteristics are described in Table 1.
Group I with first-line ACI showed an IKDC subjective 

score of 37.0 (SD 13.7) preoperatively. The maximum IKDC 
value was reached after 2 years with 77.7 (SD 19.7) points. 
Compared to the preoperative IKDC values, a significant 
improvement at all timepoints was detected (preoperative vs. 
6 months p = 0.001, vs 12 months p = 0.000, vs 24 months 
p = 0.002, vs 36 months p = 0.003).

In Group II with second-line ACI patients, a significant 
increase of the subjective IKDC score was found. The IKDC 
subjective score was 29.9 (SD 17.0) preoperatively and 
44.3 (SD 19.5) after 6 months. Afterwards we observed an 
increasing IKDC subjective score to a maximum value of 
50.1 (SD 20.4) after 1 year. After 3 years, the average IKDC 
subjective score was 49.1 (SD 21.2) (Table 2). A significant 
improvement of the IKDC subjective score was seen at all 
times compared to preoperative findings (preoperative vs. 
6 months p = 0.05, vs 12 months p = 0.002, vs 24 months 
p = 0.009, vs 36 months p = 0.011).

Comparing the IKDC results of the two groups over a 
period of 3 years, a significant difference between the groups 
was found. In all follow-ups, a significant difference between 
the IKDC results of both groups was seen. At all time points, 

Table 1   Patients’ characteristics Group I: ACI without previ-
ous BMS

Group II: ACI with previous BMS

Number of patients 20 20
Number of defects n (%)
 One treated defect 16 (80) 16 (80)
 Two treated defects 4 (20) 4 (20)

Localisation n (%)
 Femoral 11 (55) 10 (50)
 Patellar 8 (40) 9 (45)
 Trochlear 1 (5) 1 (5)

Gender n (%)
 Male 8 (40) 6 (30)
 Female 12 (60) 14 (70)

Aetiology n (%)
 OD 4 (20) 2 (10)
 Old trauma > 12 months 3 (15) 3 (15)
 Chronic/degenerative 13 (65) 15 (75)

Defect size in cm2 ± SD (range) 5.40 ± 2.6 (2–15) 4.82 ± 2.0 (2–10)
BMI in kg/m2 ± SD (range) 26.8 ± 4.9 (19.2–34.4) 26.5 ± 3.6 (20.0–34.0)
Age in years ± SD (range) 32.9 ± 11.8 (16–55) 39.1 ± 10 (19–53)
Failure rate (%) 0 of 20 (0) 6 of 20 (30)
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the IKDC value of Group I was better than in Group II. After 
6 months, the difference was significant: p = 0.015. The sig-
nificant differences of IKDC subjective scores continued 
after 1 year p = 0.001, 2 years p = 0.001 and after 3 years 
p = 0.011 (Table 2) (Fig. 1).

The VAS for pain in Group I was preoperatively at 
6.4, and at rest 1.9. A significant improvement in motion 
and at rest was shown at all time points postoperatively 

with significant differences of p = 0.002 (VAS in motion 
6  months), p = 0.001 (VAS in motion after 1  year), 
p = 0.002(VAS in motion after 2 years), p = 0.002 (VAS in 
motion after 3 years) and p = 0.049 (VAS at rest 6 months), 
p = 0.007 (VAS at rest after 1 year), p = 0.008 (VAS at 
rest after 2 years), p = 0.029 (VAS at rest after 3 years) 
compared to the preoperative values.

Table 2   Results of the clinical 
scores

Significant p values < 0.005 are underlined

Group I: ACI with-
out previous BMS

SD Group II: ACI with 
previous BMS

SD P value

Preoperative
 Average IKDC score 37.0 13.7 29.9 17.0
 Average VAS score in motion 6.4 2.2 6.8 2.6
 Average VAS score at rest 1.9 2.5 4.4 3.8

6 months
 Average IKDC score 57.6 14.3 44.3 19.5 0.015
 Average VAS score in motion 2.7 2.4 4.8 3.2 0.043
 Average VAS score at rest 0.8 2.3 1.9 2.5 n.s

12 months
 Average IKDC score in 72.5 14.8 50.1 20.4 0.001
 Average VAS score in motion 1.2 1.3 3.8 2.5 0.003
 Average VAS score at rest 0.1 0.3 1.0 1.2 0.010

24 months
 Average IKDC score 77.7 19.7 48.6 21.8 0.001
 Average VAS score in motion 1.4 1.9 5.0 3.1 0.002
 Average VAS score at rest 0.2 0.5 2.0 2.9 0.014

36 months
 Average IKDC score 74.7 22.6 49.1 21.2 0.011
 Average VAS score in motion 1.4 1.9 4.5 2.8 0.005
 Average VAS score at rest 0.4 1.1 1.5 1.7 0.028

Fig. 1   In Group I and Group 
II, significantly increased 
IKDC values compared with 
the preoperative findings were 
shown. The outcome of ACI 
as second-line therapy after 
previous failed cartilage therapy 
with bone marrow stimulation 
is worse than ACI as first-line 
therapy. At all time points, the 
IKDC value of Group I is better 
than the Group II (6 months 
p = 0.015, 1 year p = 0.001, 
2 years p = 0.001 and after 
3 years p = 0.011) (*p < 0.05)
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In the Group II, a significant improvement in visual 
analogue scale (VAS) for pain in motion and at rest was 
observed. The initial VAS pain was 6.8 in motion and 4.4 
at rest. Afterwards, a significant improvement in VAS in 
motion was found only after 6 months and 1 year. In VAS 
for pain at rest was it after 6 months, 1 year and 3 years com-
pared to the preoperative results. The best value of VAS was 
achieved after 1 year (3.8 in motion and 1.0 at rest).

The VAS score in motion showed a significant difference 
between these groups also in all follow-ups. Group I with 
first-line ACI patients without previous cartilage therapy had 
less pain in motion and at rest (Fig. 2). The VAS score at rest 
showed a significant difference between the two groups in 
all follow-ups except for after 6 months.

Failure was determined by the need of another revision 
surgery. The failure rate in Group II was 30% (6 of 20). 
In three cases, microfracturing was performed, because of 
partial graft insufficiency, which were treated with microf-
racturing. In two cases, revision surgery was performed with 
high tibial osteotomy (n = 1) and knee arthroplasty (n = 1), 
because of osteoarthritis. In one case, a symptomatic bone 
marrow edema occurred, what was treated with retrograde 
drilling. In Group I, no revision surgery was performed.

Discussion

The major finding of this study is that third-generation 
of autologous chondrocyte implantation represents a suit-
able method and has satisfactory results as first-line and 
as second-line therapy in treating full-thickness cartilage 
defects. However, the outcome of ACI as second-line 
therapy after previous failed cartilage therapy with bone 
marrow stimulation is worse than ACI as first-line therapy. 
Our data demonstrate that bone marrow stimulation (BMS) 

(e.g. microfracturing) has a negative effect on subsequent 
cartilage repair with ACI.

BMS is one of the most commonly used surgical 
techniques for the treatment of cartilage defects in the 
knee. Many studies have reported statistically significant 
improvements in clinical outcomes after microfracture [26, 
40, 45]. Due to its low costs and, compared with other car-
tilage therapies, less demanding surgical procedure, bone 
marrow stimulation was performed in cases with small and 
large cartilage defects.

The evidence regarding ACI procedure has significantly 
increased over the past years [43, 44]. The efficacy of this 
procedure has been demonstrated in multiple studies show-
ing a positive effect, with increased functionality and pain 
reduction [5, 10, 31, 34, 35]. As the use of ACI has been 
increasing over time, there are also more patients with 
prior cartilage procedures with bone marrow stimula-
tion as the microfracturing in their patient history. Since 
the introduction of ACI, several studies have described 
factors that influence its clinical outcome. Studies have 
shown the disadvantageous effects of defect chronicity and 
patient age on the outcome of ACI [19, 42]. To date, there 
have been only a few studies investigating the outcome of 
ACI as the second-line therapy after previous cartilage 
treatment.

As a result, a matched pair analysis of first-line vs. sec-
ond-line ACI in a follow-up over 3 years was performed. 
Matched pair analysis is a well-established method allow-
ing the scientific statements, often used in similar types of 
studies [32]. International Knee Documentation Committee 
(IKDC) Subjective Knee Form and the visual analogue scale 
(VAS) at rest and during activity were used. Both scores are 
valid, reliable [6, 15] and have been frequently applied in 
various studies analysing autologous chondrocyte implanta-
tion in the knee joint with ACI [27, 32, 33].

Fig. 2   This diagram shows the 
comparison of the VAS score 
in motion of the two groups 
over a period of 3 years. The 
VAS score in motion showed a 
significant difference between 
these groups in all follow-ups 
(6 months p = 0.043, 1 year 
p = 0.003, 2 years p = 0.002 
and after 3 years p = 0.005) 
(*p < 0.05)
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Several studies address the second-generation ACI in 
the knee joint [36]. These studies have shown an increased 
failure rate in the second-line ACI group. In the study by 
Pestka et al., 28 patients with second-line ACI were analysed 
after failed microfracturing [36] with matched pair analysis. 
They also observed an increased failure rate and significant 
reduced clinical scores in the second-line ACI group. Jun-
gmann et al. [17] shows that patients with second-line ACI 
after previous BMS, for the most part with microfracturing, 
have an increased failure risk. There were no specific data 
about the third-generation ACI mentioned. In the present 
study, we also found a significantly higher rate of failure in 
the second-line ACI Group II of 30% in cases with third-
generation ACI.

In the study by Zaslav et al., first-generation ACI was 
analysed without a control group. They showed that patients 
with second-line ACI after failed prior cartilage treatments 
can expect significant clinical and long-lasting improve-
ments in pain and knee function [46]. A comparison between 
patients with ACI as first-line therapy was not performed 
in this study. Minas et al. [24] reported an increased failure 
rate of second-line ACI after treatment with the previous 
bone marrow stimulation (BMS) techniques in cases with 
first-generation ACI. The failure rates of second-line ACI 
after drilling was 28%, abrasion arthroplasty 27% and micro-
fracture 20%. No further assessment regarding clinical knee 
function after ACI was investigated in this study.

In a further study, Minas et al. described the survivorship 
of first-generation ACI in a large patient cohort over 10 years 
[25]. The survivorship of first-generation ACI grafts was 
significantly decreased in patients with prior microfracturing 
(44%) in comparison to patients with first-line ACI (77%). 
Interestingly, there was no significant difference in clinical 
outcome scores between second-line ACI after failed mar-
row stimulation and first-line ACI with periosteal flap.

In the present study, it could be demonstrated that bone 
marrow stimulation (BMS) (e.g. microfracturing) has a 
negative effect on subsequent cartilage repair with third-
generation ACI. A possible explanation for these findings 
can be a thickening and alteration of the subchondral plate 
after microfracturing. Microfracturing and microcracks 
could be responsible for initiating the secondary ossifica-
tion centre [8]. With regard to that, the overlying articular 
cartilage becomes more vulnerable to damage from shear 
forces [4, 11, 22]. This mechanism results in thickening of 
the subchondral bone and corresponding thinning of the 
overlying cartilage, which is then more susceptible to dam-
age and further degeneration [2]. Similar changes are found 
in osteoarthritis and chronic chondral defects, which have 
demonstrated worse outcomes with cartilage repair proce-
dures [9].

A deterioration of the regenerated cartilage which 
appears several years after BMS techniques [20] was 

observed. The reason for this could be that the new regen-
erated fibrocartilage tissue induced by bone marrow-
stimulating techniques seems to be inferior in its histo-
logical-structural quality in direct comparison with hyaline 
articular cartilage [39]. Although the mechanism of this 
degeneration has not been conclusively proven, changes 
in the subchondral bone could be potentially seen as an 
explanation for the deterioration of BMS and subsequent 
second-line ACI therapy.

Limitations of the present study are the relatively small 
number of patients—40, with 20 in each group and the 
relatively short follow-up of 3 years. A larger study pop-
ulation would be helpful for analysing the subgroups to 
identify the risk factors for the poorer outcomes of the 
group with previous BMS therapy. Additional research is 
needed to identify the exact cause of worse outcomes in 
cases with second-line ACI. A possible explanation is the 
influence of the damaged subchondral plate with increased 
mechanical stiffness. Therefore, an extensive analysis of 
the subchondral plate in patients with cartilage therapy is 
needed.

Based on the results of this study, the autologous 
chondrocyte implantation provides clinical benefits in 
both first-line cartilage therapy and second-line therapy. 
In addition, our data demonstrate that BMS has a nega-
tive effect on subsequent cartilage repair with autologous 
chondrocyte implantation in the knee joint. Therefore, 
the choice of which primary cartilage therapy to perform 
should be made very carefully. This study has shown that 
first-line ACI leads to superior clinical results compared 
with the results after second-line ACI.

Conclusion

This matched pair study analysed the effect of previous 
bone marrow stimulation on subsequent second-line third-
generation ACI. This study showed that third-generation 
autologous chondrocyte implantation is a suitable method 
for treatment of full-thickness cartilage defects, including 
for patients with prior BMS. However, the outcome of 
ACI patients as second-line therapy was worse than that 
of the first-line ACI. These results should be considered 
when choosing the appropriate therapy in cases with large 
full-thickness cartilage defects.
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