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Abstract
Purpose Third generation autologous chondrocyte implanta-
tion (ACI) is an established treatment for full thickness carti-
lage defects in the knee joint. However, little is known about
cases when revision surgery is needed. The aim of the present
study is to investigate the complication rates and the main
reasons for revision surgery after third generation autologous
chondrocyte implantation in the knee joint. It is of particular
interest to examine in which cases revision surgery is needed
and in which cases a Bwait and see^ strategy should be used.
Methods A total of 143 consecutive patients with 171 carti-
lage defects were included in this study with a minimum
follow-up of two years. All defects were treated with third
generation ACI (NOVACART®3D). Clinical evaluation was
carried out after six months, followed by an annual evaluation
using the International Knee Documentation Committee
(IKDC) subjective score and the visual analogue scale
(VAS) for rest and during activity. Revision surgery was
documented.
Results The revision rate was 23.4 % (n=36). The fol-
lowing major reasons for revision surgery were found in
our study: symptomatic bone marrow edema (8.3 %, n=
3), arthrofibrosis (22.2 %, n=8) and partial graft carti-
lage deficiency (47.2 %, n=17). The following revision
surgery was performed: retrograde drilling combined with
Iloprost infusion therapy for bone marrow oedema (8.4 %,
n=3), arthroscopic arthrolysis of the suprapatellar recess

(22.2 %, n=8) and microfracturing/antegrade drilling
(47.3 %, n=17). Significant improvements of clinical
scores after revision surgery were observed.
Conclusion Revision surgery after third generation autolo-
gous chondrocyte implantation is common and is needed pri-
marily in cases with arthrofibrosis, partial graft cartilage defi-
ciency and symptomatic bone marrow oedema resulting in a
significantly better clinical outcome.
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Introduction

Cartilage repair is challenging for patients and orthopaedic
surgeons. Autologous chondrocyte implantation (ACI) in the
knee joint using a periosteal flap [1] has become a promising
treatment with encouraging results for femoral and patellar
cartilage defects [2–6]. In the last two decades since the first
study by Brittberg et al., its further developments including
the third generation autologous chondrocyte implantation
using collagen I/III scaffolds has become increasingly popular
for treatment of large full thickness cartilage defects. The sim-
plification of the operative procedure had made the third gen-
eration ACI more common [7–10].

However, the knowledge of revision surgery and the com-
plication rate after third generation autologous chondrocyte
implantation is still low. Very few studies addressing the com-
plication rates and revision surgery have been performed.
Jungmann et al. analysed the complication rates of patient
after autologous chondrocyte implantation with regard to the
risk factors for revision surgery [11]. To date, there is no in-
formation about the revision rate and their risk factors after
third generation autologous chondrocyte implantation.
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Given the increasing number of cases including problems
and complications related to revision surgery, it is necessary
to get more information about common problems and appro-
priate revision procedures. This information is needed to be
able to inform patients and for them to make informed
decisions.

The aim of the present study is to investigate the
complication rates and common revision operations after
third generation autologous chondrocyte implantation. It
is of particular interest to determine in which cases and
what revision surgery is necessary. We also examined
the success rate after revision surgery.

The following hypothesis was stated: Third generation ACI
is an appropriate therapy for patients with a full thickness
cartilage defect of the knee joint resulting in an acceptable
number of complications and revision operations. We also
hypothesize that cartilage-inducing operating procedures are
appropriate treatments in cases with partial graft cartilage
deficiencies.

Materials and methods

A total of 143 consecutive patients with 171 cartilage defects
are included in this study with follow up of a minimum of two
years. The average ACI follow-up was 5.0 (SD 2.1) years. All
cartilage defects were full thickness cartilage defects classified
as III and IV using the Classification of the International
Cartilage Repair Society (ICRS). The mean patient age was
35.1 years (11–66). The study was comprised of a total of
58.7 %men (n=84) and 41.3 % (n=59) women. Defects were
located in 44.4 % femoral (n=76) and in 55.6 % (n=95)
femoropatellar. The femoral defects were mainly on the me-
dial femoral condyle (84.2 %, n=64). A total of 18.9 % (n=
18) of the femoropatellar defects were located in the trochlea.
The average defect size was 4.0 cm². The average body mass
index was 26.3. In 80.1 % of the defects, ACI was performed
as a firstline therapy (n=137). In 19.9 % (n=34) of the treated
defects, ACI was conducted as secondline therapy after a pre-
viously failed cartilage repair procedure (e.g. microfracturing,
drilling, first generation ACI, third generation ACI) (Table 1).

Cartilage therapy was performed according to the
guidelines of the German Working Group Tissue
Regeneration [12]. Therefore the exclusion criteria for
matrix based ACI was: osteoarthritis of the knee, joint
instability, arthritis, corresponding cartilage defects or
more than two focal cartilage defects. All defects were
treated with NOVACART®3D (TETEC AG, Reutlingen,
Germany). The operation technique was performed as
described in a previous study [13].

At first, the sampling of two to three osteochondral plugs
was obtained from an unloaded area of the intercondylar notch
with a diameter of 3 mm and a thickness of 5–10 mm.

Afterwards the osteochondral plugs were sent to the man-
ufacturer (TETEC GmbH, Reutlingen, Germany) in sterile
nutrient solution. The cultivation time was three to four
weeks. After a sufficient proliferation, the chondrocytes
were seeded on a collagen I/III biphasic scaffold. In a
second operation, a parapatellar arthrotomy was per-
formed and the cartilage defects were carefully debrided
with curettes until a stable rim of healthy surrounding
cartilage was prepared. The scaffolds were implanted in
the prepared cartilage defect. Afterwards, the scaffolds
were fixed with absorbable sutures in the defect (Fig. 1).
In cases without a stable cartilage shoulder, an additional
fixation using PLLA pins was conducted (Aesculap AG,
Tuttlingen, Germany).

In regards to the postoperative rehabilitation, patients did a
standardized protocol as described earlier [13]. After 24 hours
of bed rest and drain removal, continuous passive motion
device (CPM) was done and weight-bearing was limited to
20 kg for six weeks for femoral cartilage defects. Flexion
was increased quickly. In cases with patella defects, flexion
was limited to 30° for two to three weeks and gradually in-
creased in the following weeks. Weight bearing was allowed
with full extension after wound healing.

In order to assess the clinical evaluation, the follow-
ing standardised protocol was performed. The first clin-
ical evaluation was done after six months, followed by
an annual evaluation. Then the subjective knee evalua-
tion form of the International Knee Documentation
Committee (IKDC) was completed. For pain detection,
the visual analogue scale (VAS) during activity and at
rest was used. Both scores were established and validat-
ed [14, 15] and were obtained in previous studies
analysing cartilage reconstruction [16–18].

To get information about complications and revision sur-
geries, the patients were assessed using a standardised form
and the data was documented. We also collected the informa-
tion about the time point of revision operations. The clinical
evaluation after revision surgery was continued as described
above.

Furthermore, we analysed individual parameters like pa-
tients’ age, gender, body weight and body height to determine
the bodymass index (BMI). In regards to the defect associated
parameters we collected the information about defect size,
aetiology, and localisation as well as first- and secondline
therapy. The detailed information about these parameters is
given in Table 1.

Statistical analysis

The statistical analysis was done using the statistics program
SPSS (Statistical Package of Social Sciences, Version 22,
Chicago, IL, USA). The Wilcoxon test was used to examine
differences regarding the clinical outcome in the postoperative
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course. The level of statistical significance was set at
P<0.05. Significant differences before and after revision
surgery were determined using the Wilcoxon test for
dependent samples. For statistical analysis of possible

risk factors of revision surgery, we used the Mann–
Whitney-U test for independent samples in the compar-
ison of two groups. The level of statistical significance
was also set at P<0.05.

Table 1 Patient characteristics
Characteristic Description p-value

Patients’ age 34.1 years (SD 44.8; range 11–66) 0.569

Body weight 79.6 kg (16.0; 47–125) 0.764

Body height 1.75 m (0.1; 1.5-2.0) 0.936

BMI 26.0 (4.3; 17.6-38.3) 0.742

Defect size 5.0 cm² (2.5; 1–12) 0.368

Gender Male: 58.7 % (n=84)

Female: 41.3 % (n=59)

0.934

Defect etiology Osteochondrosis dissecans 13.3 % (n=19) 0.320
Acute trauma<12 months 11.9 % (n=17)

Old trauma >12 months 27.3 % (n=39)

Chronic/degenerative 46.9 % (n=67)

Number of defects One defect 80.4 % (n=115)

Two defects 19.6 % (n=28)

0.254

Firstline therapy 80.1 % (n=137) 0.854
Secondline therapy 19.9 % (n=34)

Localization Medial femoral 37.4 % (n=64) 0.335
Lateral femoral 6.4 % (n=11)

Patellar 45.0 % (n=77)

Trochlea 10.5 % (n=18)

Tibial 0.6 % (n=1)

Fixation Suture 86 % (n=147) 0.609 *

Pin+suture 14 % (n=24) 0.102 **

* For all revisions, ** For partial graft deficiencies

Fig. 1 Autologous chondrocyte
implantation of a retropatellar
cartilage defect (a). Cartilage
defects were carefully debrided
with curettes until a stable rim of
healthy surrounding cartilage was
prepared (b). The scaffolds were
implanted in the prepared
cartilage defect (c). Afterwards,
the scaffolds were fixed with
absorbable sutures in the defect
(d)
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Results

The clinical evaluation showed a significant improvement of
the analysed clinical scores compared to the pre-operative
values over the whole observation period. The subjective
IKDC scores increased significantly from 39.4 to 60.0 points
after two years. The measured subjective IKDC scores
showed a slight decline especially up to five years with an
IKDC score of 58.7. Significant differences between the
follow-up examinations were found in the first two postoper-
ative years. The VAS score during activity and at rest showed
significant improvements compared with the pre-operative re-
sults over the whole observation period with significant im-
provements between the follow-up examinations up to two
years. Detailed information of the overall clinical results is
given in Table 2.

The revision rate was 22.4 % (n=32). On average, the
revision surgery was performed after 418 days after ACI with
a range from 10–1172 days. The following reasons for revi-
sion surgery were given: symptomatic bone marrow oedema
(8.3 %, n=3) with an intact cartilage surface, arthrofibrosis
(22.2 %, n=8) and partial graft cartilage deficiency (47.3 %,
n=17) (Table 3).

The following revision surgeries were made: Iloprost ther-
apy for five days combined with retrograde drilling (8.4%, n=
3), arthroscopic arthrolysis (22.2 %, n=8) and microfracturing
or antegrade drilling (47.3 %, n=17).

The clinical scores after revision surgery in general
showed significant improvements of the subjective IKDC
and the VAS during activity and at rest (Fig. 2). The subjec-
tive IKDC score increased from 30.0 to 50.1 after the first
evaluation after revision surgery. Significantly better results
regarding the VAS during activity and at rest were also found
(Table 4).

Considering the special revision operations, we found the
following: better clinical results after arthroscopical
arthrolysis in cases with arthrofibrosis in all clinical scores.
In regards to the partial graft cartilage deficiencies we per-
formed microfracturing or antegrade drilling of the non-
covered area. They were located at the border zone of the
implanted ACI implants with well-developed cartilage regen-
eration in the central part of the ACI scaffolds. Afterwards we
observed significantly better results in the subjective IKDC
scores and the VAS during activity (Fig. 3). The overall
IKDC result after revision surgery was 50.1 (17.8; 21.8–
82.8), which is comparable to the clinical results of the pa-
tients without revision surgery.

The analysis of the individual and defect associated param-
eters to get more information about risk factors which could
predict revision surgery did not show a higher complication
rate in view of the individual parameters patient’ age, gender,
body weight, body height and body mass index. The defect-
associated parameters such as defect size, localization and

defect aetiology also had no influence on the revision rate.
Furthermore, cartilage defects with secondline therapy after
a previously performed cartilage repair before ACI, did not
show a higher complication or revision rate (Table 1).

In this study, in 14 % (n=24) of the treated cartilage de-
fects, an additional fixation of the ACI graft with PLLA pins
was performed. A significant influence of the different types
of fixation and the revision rate could not be found.
Interestingly, we found a statistical trend without significant
results regarding the partial graft deficiencies and the types of
fixation. No partial graft deficiencywas found in cases with an
additional pin fixation (p-value 0.109).

Discussion

The most important finding of the present study is that revi-
sion surgery after third generation autologous chondrocyte
implantation is common and is often needed in cases with
arthrofibrosis, partial graft cartilage deficiency and symptom-
atic bone marrow oedema with significant better clinical out-
come afterwards.

Autologous chondrocyte implantation is an established
procedure for treatment of full cartilage defects in the knee
joint with several satisfactory results in the literature
[19–23]. Although little is known about cases when joint re-
vision surgery is needed. The aim of the present study is to
investigate the complication rate and common revision sur-
gery after third generation autologous chondrocyte implanta-
tion. It is of particular interest in which cases a revision sur-
gery is indicated and leads to better clinical results.

In this study, for the first time complication rates after third
generation ACI in the knee joint are standardised and
analysed. Jungmann et al. described risk factors which are
associated with the cause of reintervention after first, second
and third generation ACI [11]. Typical complications are
analysed. But no special data is given about third generation
ACI which is now a common orthopaedic practice. Minas
described the complication rate of a large patient cohort over
ten years. This complication rate involves only patients after
first generation ACI in the knee joint [24]. Vijayan et al.
showed the revision cartilage transplantation after primary
ACI can yield acceptable functional results [25].

In the present study, a standardised protocol was performed
to analyse clinical results after third generation ACI. Clinical
evaluation was carried out for the first time after six months,
followed by an annual evaluation using IKDC subjective
score and the VAS score for rest and during activity. These
scores are established in case series after ACI procedure and
were used in several previous studies [16–18, 26]. We includ-
ed 143 consecutive patients with 171 cartilage defects in this
study.
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The minimum follow-up was two years for detecting typ-
ical complications and revision surgeries.With a mean follow-
up of 5.0 (SD 2.1) years, this observation period is also com-
parable to previous studies analysing this topic [7, 27, 28]. All
revision surgeries and their underlying complications were
documented.

In general, we observed significantly better clinical results
in the IKDC subjective score after ACI treatment. However, in
a total of 36 cases, a revision surgery had to be performed. The
revision rate in this study was 23.4 %. This result is similar to
previously performed studies [11].

The following must be taken into consideration in evaluat-
ing the relatively high revision rates. One of the major reasons

for revision surgery was a postoperative arthrofibrosis. As a
result, arthroscopic arthrolysis of the suprapatellar recess were
performed in 22.2 % of the cases. This relatively high rate of
arthrofibrosis was caused by the restricted flexion after the
surgery. Arthrofibrosis was observed in 71.4 % (n=5) in
retropatellar cartilage defects and in 21.6 % (n=2) in femoral
cartilage defects, without significant differences (p=0.781).

The most postoperative complication was a partial graft
cartilage deficiency, which was found in 47.2 % (n=17).
These partial defects were treated with trimming of the rim
and microfracturing of the uncovered defect. The remaining
part of the ACI implant was firmly attached into the defect.
These partial graft cartilage deficiencies were located at the
border zone of the implanted ACI implants. The central part of
the ACI scaffolds was a well-developed cartilage regenerate.

These partial graft cartilage deficiencies can be interpreted
as a problem of bonding to the surrounding healthy cartilage.
Hypothetically it can be assumed, that the reduced bonding

Table 2 The clinical evaluation showed a significant improvement of the analysed clinical scores compared to the pre-operative values over the whole
observation period. Significant differences between the follow-up examinations could be found in the first two postoperative years

Parameter PreOP 0.5 years 1 year 2 years 3 years 4 years 5 years

N 143 124 117 102 72 50 28

IKDC 39.4 (SD 20.5) 50.1 (19.8) 57.1 (20.7) 60.0 (23.2) 58.3 (20.7) 57.8 (21.4) 58.7 (20.9)

p-value 1 0.000 0.000 0.000 0.000 0.000 0.000

p-value 2 0.000 0.000 0.018 0.617 0.199 0.295

VAS during activity 5.8 (3.2) 4.2 (2.7) 3.3 (2.7) 3.4 (3.0) 3.6 (2.6) 3.5 (2.8) 3.7 (3.1)

P-value 1 0.000 0.000 0.000 0.000 0.000 0.000

P-value 2 0.000 0.000 0.824 0.701 0.694 0.732

VAS at rest 2.9 (3.0) 1.2 (1.8) 0.8 (1.4) 1.1 (1.9) 1.2 (1.7) 0.9 (1.7) 0.8 (1.2)

P-value 1 0.000 0.000 0.000 0.000 0.000 0.000

P-value 2 0.000 0.008 0.321 0.446 0.525 0.460

PreOP pre-operative, P-value 1 p-value compared with pre-operative values, P-value 2 P-value compared with previous result

Table 3 The revision rate was 22.4 % (n=32). On average, the revision
surgery was performed 418 days after ACI with a range from 10–1172
days

Complications

Overall 22.4 % (n=32)

Partial graft deficiencies 46.9 % (n=15)

Arthrofibrosis 21.9 % (n=7)

Pain 9.4 % (n=3)

BME 6.3 % (n=2)

Graft dislocation 6.3 % (n=2)

Gonarthritis 6.3 % (n=2)

Infection 3.1 % (n=1)

Revision surgeries

Microfracturing/drilling 46.9 % (n=15)

Arthrolysis 21.9 % (n=7)

ACI 9.4 % (n=3)

Arthroscopy 9.4 % (n=3)

Retrograde drilling 6.3 % (n=2)

Arthroplasty 3.1 % (n=1)

High tibial osteotomy 3.1 % (n=1) Fig. 2 The clinical scores after revision surgery showed significant
improvements (*) of the subjective IKDC score (p=0.003)
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capacity is caused by a limited regenerative potential of the
ACI implants in this area. One reason for that reduced regen-
erative potential might be due to a localized cellular problem
of the implanted autologous chondrocytes. This complication
could be solved with an operative revision surgery of this
small area with microfracturing or drilling. Accordingly, the
patients showed better clinical results and less pain, therefore
this procedure appears to be a successful approach.

Symptomatic defect-associated bone marrow edema were
found in 8.4 % (n=3) of the cases. In a previous study, bone
marrow edema after autologous chondrocyte implantation
was analysed [13]. In this study, it was shown that bone mar-
row oedema appears in over 78 % of the cases. In cases with
postoperative defect-associated bone marrow oedema without
cartilage defects, we performed a retrograde drilling combined
with intravenous application a prostacyclin analogue Iloprost
(Bayer Schering Pharma AG, Berlin, Germany) for a total of
five days.

If a symptomatic BME could be observed, an appropriate
procedure is recommended. The procedure should be adapted
to the graft maturation process, which needs at least
12 months. In cases with symptomatic BME in the early
pre-maturation course up to 12 months postoperatively, no
operative revision surgery is recommended. But a MR inves-
tigation should be performed for control. In the late postoper-
ative course after 12–18 months after completely finished
graft cartilage maturation, it must be assumed, that the BME
is caused by a partial deficiency of the cartilage. In these cases,
we recommended a revision surgery with diagnostic knee ar-
throscopy and cartilage repair, e.g. microfracture, if necessary.
With intact cartilage without bonding problems of the graft
cartilage, an operative therapy of the BME could be done with
retrograde drilling and, if applicable, followed by Iloprost in-
travenously, which is an alternative treatment option for pa-
tients with symptomatic BME [29].

Analysing the individual und defect associated parameters
we could not find higher complication rate in view of the
individual and defect-associated parameters. Therefore it is
astonishing that no risk factors could be identified for revision
surgery. This finding could be confirmed by the results of
Jungmann et al. [11]. We expected that patients with large
cartilage defects would have a larger rate of revision surgery,
but no significant differences could be found.

In regards to the different types of fixation, we found a
statistical trend without significant results regarding the partial
graft deficiencies. No partial graft deficiency was found in
cases with an additional pin fixation. In cases without a stable
cartilage shoulder, an additional pin fixation seemed to be a
suitable method for stabilization of the graft cartilage, but no
significant difference could be found because of the low num-
bers of cases with pin fixation.

A limitation of the study is the relatively short follow-up.
Therefore it would be interesting to analyse the development
of osteoarthritis and especially the rate of knee arthroplasty
after ACI procedure in the postoperative course. For evaluat-
ing this question a longer follow-up with a high number of

Table 4 The subjective IKDC score increased from 30.0 to 50.1 after the first evaluation after revision surgery. Significantly better results regarding
the VAS during activity and at rest could also be found (SD; range)

Clinical scores IKDC P value VAS during activity P value VAS at rest P value

Overall

Before revision surgery 30.0 (15.5; 11.5–59.4) 0.003 7.0 (2.2; 3–10) 0.004 3.5 (2.5; 0–7) 0.006
After revision surgery 50.1 (17.8; 21.8–82.8) 4.2 (2.9; 0–8.8) 1.5 (2.1; 0–6.5)

Partial graft cartilage deficiency

Before revision surgery 36.7 (15.4; 13.8–59.4) 0.043 4.7 (2.3; 3–8) 0.048 3.0 (2.9; 0.5-7) 0.269
After revision surgery 50.4 (18.5; 24.1–74.7) 3.8 (2.6; 1.6-7.5) 1.5 (1.5; 0–3.5)

Arthrolysis

Before revision surgery 22.1 (11.5; 11.5–46) 0.028 8.2 (1.4; 6–10) 0.013 4.2 (2.2; 1.5-7) 0.015
After revision surgery 48.6 (18.5; 21.8–82.8) 4.5 (2.7; 0–8) 1.7 (2.5; 0–6.5)

Fig. 3 In cases with partial graft cartilage deficiencies, we performed
microfracturing or drilling of the non-covered area. Afterwards, we
observed significantly better results in the subjective IKDC (p=0.043)
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patients is needed. Furthermore, we included only cases after
third generation ACI treatment. A control group with different
cartilage repair procedures would be required to detect rele-
vant information about the complication rates of different car-
tilage repair techniques.

Finally, the results of the present study show that revision
surgery after third generation ACI is common. Especially in
cases with partial graft cartilage deficiencies after ACI, an
operative revision with microfracturing or drilling is a prom-
ising method for successful cartilage treatment. Restricted
limitation after ACI is associated with a high rate of
suprapatellar arthrofibrosis. Therefore, increasing flexion
quickly in cases with femoral defects appears advisable.

Conclusion

This study is the first standardized analysis of complication
and revision rates after third-generation ACI in the knee joint.
The most important finding of the present study is that revi-
sion surgery after third generation autologous chondrocyte
implantation is common and is needed particularly in cases
with arthrofibrosis, partial graft cartilage deficiency and symp-
tomatic bone marrow oedema. We observed significantly bet-
ter results after revision surgery with reduced pain compared
with the pre-revision constitution. In regards to the treatment of
partial graft cartilage deficiency, microfracturing seems to be
an advisable therapy with promising clinical results afterwards.
We could not find any individual or defect-associated param-
eters which could be seen as predictive of revision surgery.
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