Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:1535-1542
https://doi.org/10.1007/500167-021-06584-x

KNEE q

Check for
updates

Good healing potential of patellar chondral defects
after all-arthroscopic autologous chondrocyte implantation
with spheroids: a second-look arthroscopic assessment

Yoshikazu Sumida'? - Kaori Nakamura' - Sven Feil' - Maja Siebold’ - Joachim Kirsch? - Rainer Siebold'3

Received: 17 August 2020 / Accepted: 15 April 2021/ Published online: 23 April 2021
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2021

Abstract

Purpose To report second-look arthroscopic assessment after all-arthroscopic autologous chondrocyte implantation (ACI)
for articular cartilage defects at the patella.

Methods A second-look arthroscopy after all-arthroscopic ACI using chondrospheres® (ACT3D) was performed in 30
patients with 30 full-thickness retropatellar cartilage defects. The mean time from ACI to second-look arthroscopy was
14.9 +16.3 (6-71) months. The quality of cartilage regeneration was evaluated by the International Cartilage-Repair Score
(ICRS)—Cartilage Repair Assessment (CRA).

Results Eleven lesions (36.7%) were classified as CRA grade I (normal) and 19 lesions (63.3%) as grade II (nearly normal).
Concerning the degree of defect repair, 25 lesions (83.3%) were repaired up to the height of the surrounding articular ret-
ropatellar cartilage. Five lesions (16.7%) showed 75% repair of defect depth. The border zone was completely integrated
into the surrounding articular cartilage shoulder in 28 lesions (93.3%) and demarcated within 1 mm in 2 lesions (6.7%).
Macroscopically and by probing, 12 lesions (40%) had intact smooth surface, 17 lesions (56.7%) had fibrillated surface and 1
lesion (3.3%) had small, scattered fissures. A negative correlation was found between the overall repair assessment score and
the defect size (r>=— 0.430, p=0.046) and between integration into border zone and defect size (r*=— 0.340, p=0.045).
A positive correlation was found between macroscopic appearance and age (> = +0.384, p=0.036).

Conclusions All-arthroscopic ACI using chondrospheres® (ACT3D) for full-thickness retropatellar articular cartilage defects
proved to be reproducible and reliable. The advantage of the procedure is that it is minimal invasive. Arthroscopic second-
look demonstrated a high grade of normal or nearly normal cartilage regeneration. Although statistically significant differ-
ences were not observed, larger defect size and younger age may compromise the result of overall repair.

Level of evidence III.
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Introduction

Retropatellar chondral defects may cause anterior knee pain
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Several surgical treatment options have been proposed
for retropatellar chondral defects. Arthroscopic chondral
debridement [9], microfracture [19, 22, 26], autologous
matrix-induced chondrogenesis [11, 22, 28] and osteochon-
dral transplantation [4, 15] are discussed among treatment
options. Recently autologous chondrocyte implantation
(ACI) has been reported to be one of the surgical options
with good outcomes [11, 18, 27]. Several authors report
good clinical results after ACI at the patella [5, 6, 12-14, 16,
18, 20, 21, 25, 26, 34-36]. However, second-look arthros-
copy was rarely done. Even if it was performed, the number
of patients was few and limited [12, 13, 36]. Therefore, the
visual aspect after ACI for retropatellar cartilage defects is
still unknown.

Full size articular cartilage defects at the patella are usu-
ally treated by an arthrotomy and open ACI [25, 26].

The purpose of this study is to report second-look results
of cartilage regeneration after arthroscopic ACI for the treat-
ment of full size retropatellar cartilage defects. The advan-
tage of the method is that it is minimal invasive allowing
for easier rehabilitation. The hypothesis is that retropatellar
arthroscopic ACI may be reliable leading to good clinical
results.

Materials and methods

From 2012 to 2018, 30 patients with 30 full-thickness ret-
ropatellar cartilage defects underwent second-look arthros-
copy after all-arthroscopic ACI at our institution. The
patients’ demographic data are shown in Table 1. The mean
size of the cartilage defects was 4.4 +3.7 cm? (0.9-14) and
the mean time from ACI to second-look arthroscopy was
14.9+16.3 months (6-71). All patients were clinically and
radiologically assessed before the ACI. In case of patella
malalignment, additional procedures such as a medial tibia
tubercle transfer (Elmslie-Trillat) or/and a medial patel-
lofemoral ligament reconstruction (MPFL-R) were com-
bined with the ACI. Other combined surgeries were partial
meniscus resection, anterior cruciate ligament reconstruction
and autologous matrix-induced chondrogenesis (AMIC) for
the medial femoral condyle (MFC), which were performed
simultaneously to the ACIL. In total, 21 patients (70%) had
concomitant surgeries. All surgeries were performed by the
senior surgeon. This study was approved by the local IRB of
the ATOS Clinic Heidelberg (ID 02/2020).

All-arthroscopic ACI

The procedure of ACI needs two stages: cartilage-har-
vest and implantation of the cultured chondrocytes. After
arthroscopic inspection of the joint, the retropatellar chon-
dral defect was assessed. In case of indication for ACI, a

Table 1 Patient demographic

Patient demographic data
data

Number of patients

Sex (male:female)

Age at the time of ACI* (years)
BMI? (kg/m?)

Operated side (left:right)

Size of defects® (cm?)

Time from ACI to second-look® (months)

Concomitant surgeries with ACI
None
Elmslie-Trillat

Elmslie-Trillat and partial meniscal resection

Elmslie-Trillat and MPFL-R

Elmslie-Trillat and MPFL-R and AMIC (for MFC)
Elmslie-Trillat and MPFL-R and ACL-R

MPFL-R

30
14:16

34.4+12.8 (15-55)
23.6+2.4 (19.2-29.0)
12:18

4.43+3.73 (0.9-14)
14.9+16.3 (6-71)

W = = Q = 0 O

The abbreviations shown in the table are as follows

ACI autologous chondrocyte implantation, BMI body mass index, MPFL-R medial patellofemoral ligament
reconstruction, AMIC autologous matrix-induced chondrogenesis, MFC medial femoral condyle, ACL-R
anterior cruciate ligament reconstruction

“The values are given as the mean with standard deviation and range in parentheses
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cartilage biopsy was taken from the intercondylar notch and
the chondrocytes were cultivated for 8 weeks [7, 10] (co.don
AG, Berlin, Germany). At the time of arthroscopic ACI,
the retropatellar cartilage defect was debrided with a curette
and a shaver. The arthroscopic fluid was retrieved from the
joint to create ideally dry conditions for the implantation.
Dry-arthroscopically, the three-dimensional autologous
chondrocyte spheroids (chondrospheres®) were placed into
the defect using a special applicator and were spread evenly
with a probe. The adhesion of spheroids to the defect was
obtained within several minutes. Detailed data of the cul-
tured spheroids in this study are shown in Table 2.

Table 2 Details of cultured spheroids

Details of cultured spheroids

Number of spheroids 144 +52.8 (41-236)

Size of spheroids (um) 624.8+141.1 (396—
792)x610.1+133.9
(396-851)

Viability of spheroids >95%

Number of spheroids/size of defect (sphe- 49.7+41.0 (16.1-177)
roids/cm?)

Values are given as the mean with standard deviation and range in
parentheses

Fig. 1 Full size articular
cartilage defect at patella (a),
implantation of spheroids in
retropatellar defect (b), result
of second-look arthroscopy at
20 months after ACI (¢)

Postoperative rehabilitation

Free range of motion supported by a CPM device twice a day
for 30 min and physiotherapy were encouraged from the sec-
ond postoperative day. 10 kg weight bearing was allowed in
week 1-6, 20 kg in week 7-8, followed by full weight bear-
ing thereafter. Swimming and cycling were encouraged from
week 8 and jogging earliest 1 year postoperatively. High-
intensity sports were permitted 1-1.5 years postoperatively
depending on the type of sports.

Second-look arthroscopy

The quality of the recovered cartilage was assessed visually
and also by probing according to the International Cartilage-
Repair Score (ICRS)—Cartilage Repair Assessment (CRA)
[2]. The assessment was performed by the senior surgeon.
An example is shown in Fig. 1. The reasons for the second-
look arthroscopy are shown in Table 3.

Statistical analysis
Data were analysed using the Statistical Package for Stat-

cel 4 (OMS, Saitama, Japan). All measured values were
expressed as means + standard deviation (SD) and range.

@ Springer



1538

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:1535-1542

Table 3 Reasons for second-look arthroscopy

=

Reasons for second-look

—_
w

Removal of screws

AMIC for different lesion and removal of screws
Arthrolysis

Arthrolysis and removal of screws
Chondroplasty

ACT for different lesions

Arthroscopy

AMIC and MPFL-release

Mobilisation and arthrolysis

Revision MPFL

_— = = =N NN WA

Person’s correlation coefficient was applied to analyse
correlations between predictors and ICRS-CRA. P <0.05
was considered for statistical significance.

Results

According to the ICRS-CRA, 11 lesions (36.7%) were clas-
sified as grade I (normal) and 19 lesions (63.3%) as grade
IT (nearly normal). None of the lesions was abnormal or
severely abnormal. Concerning the degree of defect repair,
25 lesions (83.3%) were repaired up to the height of sur-
rounding cartilage and 5 lesions (16.7%) showed 75% repair
of defect depth. The border zone was completely integrated
with surrounding cartilage in 28 lesions (93.3%) and demar-
cated within 1 mm in 2 lesions (6.7%). Macroscopically, 12
lesions (40%) had intact smooth surface, 17 lesions (56.7%)
had fibrillated surface and 1 lesion (3.3%) had small, scat-
tered fissures. The detailed result of ICRS-CRA is shown in
Table 4. The mean time from ACI to second-look arthros-
copy was 14.9 months; however, three patients demonstrated
relatively longer intervals: 53, 62 and 71 months, respec-
tively. The ICRS-CRA for these three patients was 11, 11
and 12 (maximum score is 12), respectively. There was no
drop out from the study. All patients treated with a retropa-
tellar ACI at our institution and who had a second look have
been included in this study.

Table 4 Results of second-

. Cartilage Repair Assessment (points) N %
look arthroscopy evaluation
according to the International Degree of defect repair
Cartilage-Repgir Score 4 I Protocol A
(ICRS)—Cartilage Repair
Assessment (CRA) In level with surrounding cartilage (4) 25 83.3
75% repair of defect depth (3) 5 16.7
50% repair of defect depth (2) 0
25% repair of defect depth (1) 0
0% repair of defect depth (0) 0
II Integration to border zone
Complete integration with surrounding cartilage (4) 28 93.3
Demarcating border < 1 mm (3) 2 6.7
3/4 of graft integrated, 1/4 with a notable border > 1 mm width (2) 0
172 of graft integrated with surrounding cartilage, 1/2 with a notable bor- 0
der>1 mm (1)
From no contact to 1/4 of graft integrated with surrounding cartilage (0) 0
III Macroscopic appearance
Intact smooth surface (4) 12 40
Fibrillated surface (3) 17 56.7
Small, scattered fissures or cracks (2) 1 3.3
Several, small or few but large fissures (1) 0
Total degeneration of grafted area (0) 0
Overall repair assessment
Grade I: normal (12 points) 11 36.7
Grade II: nearly normal (11-8 points) 19 63.3
Grade III: abnormal (7—4 points) 0
Grade IV: severely abnormal (3—1 points) 0
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A negative correlation was found between the ICRS-CRA
and the defect size (7> =— 0.430, p=0.046), and integration
into border zone and defect size (> = — 0.340, p=0.045).
A positive correlation was found between the macroscopic
appearance of the ACI and age (* = +0.384, p=0.036). The
other predictors (sex, BMI, operated side, defect size, num-
ber of spheroids, size of spheroids, number of spheroids for
size of defect, concomitant surgeries and time from ACI)
did not have correlations with ICRS-CRA (Table 5). In this
analysis, the detected correlation coefficients are in a weak
to moderate category.

Discussion

The most important finding in this study is that full-thick-
ness retropatellar articular cartilage lesions can regenerate
to a normal or nearly normal cartilage appearance at second-
look arthroscopy in the majority of cases when treated by an
arthroscopic ACI. A larger defect size had a negative effect
on the overall repair assessment score and the integration of
the ACI into the border zone, whereas age at time of ACI
had a positive correlation with the macroscopic cartilage
appearance.

Previously, several studies reported a hypertrophy of the
ACI when combined with a periosteal flap: Adachi et al.
reported results of second-look arthroscopy after ACI
in 15 patients with retropatellar full-thickness cartilage
defects [1]. The ACI was performed in an open fashion
using a periosteal membrane. Two years postoperatively

Table 5 Correlation between predictors and ICRS-CRA

nine patients were classified as grade II (nearly normal),
five were as grade III (abnormal) and one was as grade
IV (severely abnormal) according to the ICRS-CRA. The
authors reported that hypertrophy was the most commonly
seen complication due to the use of periosteal membrane.
Similarly, Henderson et al. used an ACI with periosteal
flap to repair full size articular cartilage defects at the
patella [16]. A total of 23 out of 44 patients were re-
operated due to hypertrophy or extrusion related to the
periosteal patch. In addition, Gillogly et al. reported a
high reoperation rate after ACI combined with periosteal
flap for retropatellar cartilage lesions [12]. Of 25 knees,
10 knees (40%) underwent subsequent surgery for arthro-
scopic debridement for graft and for removal of a loose
body. Zarkadis et al. reported a series of 51 knees who
underwent patellofemoral ACI with a periosteal mem-
brane (11 knees, 15%) or a type I/III collagen membrane
(40 knees, 85%) [36]. Twenty-five percent of patients had
a second-look arthroscopy showing a complete incor-
poration of the regenerate cartilage. Four patients (5%)
required a surgical debridement for hypertrophy of the
periosteal flap. A lower number of revisions were observed
when no periosteal flap was used. Vanlauwe et al. treated
38 patellofemoral cartilage defects with ACI using a bilay-
ered collagen membrane. Nine patients (25%) underwent
a re-arthroscopy, four (11.1%) for hypertrophic tissue and
two (5.6%) for partial loosening of less than 20% of the
repaired tissue [34].

Arthroscopic results were reported by Gobbi et al. [13]
performing ACI using HYAFF11 (Hyalograft C) in 25

Person’s correlation coefficient (p value) for

Overall repair
assessment
(grade)

Overall repair assess-
ment (score)

Protocol A (degree
of defect repair)

Integration to border
zone

Macroscopic appearance

Sex (male or female) =—10.0185 (n.s) = +0.155 (n.s)

Age at ACI P=—0.268 (n.s) r*=+0.186 (n.s)

BMI = +40.0750 (n.s) > =— 0.120 (n.s)

Operated side (left or =+0.198 (n.s) *=—0.220 (n.s)
right)

P=+0.216 (n.s) r*=— 0.430 (p=0.046)
P=+0.191 (n.s) =—0.293 (n.s)
P=—0.313 (n.s) =+0.199 (n.s)
P=—0.208 (n.s) *=+0.305 (n.s)

Defect size
Number of spheroids
Size of spheroids

Number of spheroids/
size of defect (sphe-
roids/cm?)

P?=-0.123 (n.s) *=-0.0166 (n.s)

=—0.0303(n.s) *= +0.142 (n.s)

Concomitant surgeries
Time from ACI

=+0.120 (n.s) *=+0.179 (n.s) = +0.139 (n.s)

P?=-0203 (ns) r>=+0.0616 (n.s) r*= +0.384 (p=10.036)
P=-0270 (n.s) r*=+0.0495 (n.s) =—0.0158 (n.s)
P=-0.183 (n.s) r*=— 0.0546 (n.s) ?=—0.174 (n.s)
P=—0202(ns) r*=—0.340 (p=0.045) =—0.356 (n.s)

= +0.0559 (n.s) =—0.381 (n.s) P?=-0.283 (n.s)

2= +40.00734 (n.s) »= +0.0236 (n.s)
P=+0210 (ns) ~=-0.161 (n.s)

P=+0.279 (n.s)
= +0.245 (n.s)

P==0.0976 (n.s) #=-0.175 (n.s)
P=+0.196 (n.s) r*=+0.114 (n.s)

= +0.0400 (n.s)
= +0.0230 (n.s)

Increasing defect size leads to a lower score in the CRA overall repair assessment and in the integration of the regenerated cartilage into the bor-
der zone. Increasing age leads to higher scores regarding the criteria of “macroscopic appearance”

Significant correlations are indicated in bold with *p <0.05
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retropatellar lesions. Six knees (24%) underwent a second-
look arthroscopy at a mean time of 15.7 months which
revealed a CRA grade II (nearly normal) in all repaired
lesions.

In contrast, in the present study, the CRA was normal in
40% and nearly normal in 60% of patients which is a remark-
able number of good cartilage repair and only 2 reoperations
due to hypertrophy.

In the present study, larger size lesions tend to have a
lower overall assessment score and a reduced integration
into border zone. Previously, Niemeyer demonstrated that
no correlation was found between the size of the defect and
morphological aspects on MRI [24]. However, MRI results
might be difficult to be interpreted and may be less pre-
cise compared to a visual inspection by arthroscopy. Gobbi
et al. reported of six patients who underwent a second-look
arthroscopy in lesions with an average size of 4.5 cm?.
Most tissue repairs were well integrated with the surround-
ing cartilage, however, the detailed scores were not men-
tioned in their study [13]. Similar results were reported by
Zarkadis et al. who performed a second-look arthroscopy
in six patients. All showed a complete incorporation of the
regenerate cartilage after ACI in defects with an average size
of 4.3 cm? [36]. In the present study, the cartilage defects
were an average of 4.43 cm? large, which was almost equiva-
lent to the previous reports. A strength of the study is that
the number of second-look arthroscopies was much higher
(n=30) than previously reported, which could give more
detailed insight on the relationship between lesion size and
arthroscopic findings.

In the current study, the macroscopic appearance of the
regenerated cartilage at time of second-look had a positive
correlation with the patient’s age at time of ACI. In the
literature, there are reports that younger patients are more
suitable candidates for an ACI due to their biological heal-
ing potential [23]. However, Zarkadis et al. concluded that
age < 30 years was a risk factor for failure of a retropatellar
ACI. The authors discuss that failures in the general popula-
tion may be due to an age-related decline in cartilage qual-
ity and viability. In contrast, a younger military population
tends to fail for activity-related reasons and due to the inabil-
ity to self-modify professional activity [36]. In an evaluation
of MACI procedures, Enea et al. pointed out, that CRA val-
ues at second-look were significantly higher in patients older
than 40 years [8]. The histological examination of biopsies
also showed that the outcome was not significantly related
either to the macroscopic appearance of the lesion nor to the
patient’s functional status.

In the past, it was impossible to treat a retropatellar full
size articular cartilage lesion with an arthroscopic ACIL.
So far, the surgical procedure required an arthrotomy [5,
6, 12-14, 16, 18, 20, 21, 34-36]. In contrast, the proce-
dure used in this study allowed an all-arthroscopic ACI as

@ Springer

previously described [29-31]. The technique could be of
benefit for the patients because it is less invasive, reduce
pain and encourage a faster rehabilitation.

In our study, there was no correlation between the result
of second-look arthroscopy and the number of spheroids per
unit area. This is similar to the findings by Niemeyer et al.
[24]. They demonstrated that a higher number of spheroids
per unit area had a trend towards better defect filling, while
the outcomes were similar regardless of the number of sphe-
roids after 12 months.

There are some limitations to this study. First, there was
no assessment of patient’s clinical symptoms. Many patients
underwent concomitant patella-related surgical procedures
which makes isolated assessment of patients’ cartilage-
related clinical symptoms difficult. Second, no biopsies
were performed for not to harm the repair tissue. Thus, the
relationship between morphologic and histological results
cannot be discussed. The mean time from ACI to second-
look arthroscopy was 14.9 months. Although three patients
with relatively long intervals after ACI demonstrated a good
overall repair assessment score, the results must be consid-
ered early-stage results after ACI. Unfortunately, we do not
have any histologies of the regenerated cartilage. However,
this was done in the interest of the patients for not to damage
the ACI and compromise the clinical result.

The study is of clinical relevance. It is the first to show
that arthroscopic retropatellar ACI is reliable and does lead
to reproducible good results of cartilage regeneration con-
trolled by second-look arthroscopy. The findings support the
use of spheroids for arthroscopic retropatellar ACI and do
show that open surgery for retropatellar ACI may be aban-
doned in the future. Further studies are necessary to support
the current findings.

Conclusion

All-arthroscopic ACI using chondrospheres® (ACT3D) for
full-thickness retropatellar articular cartilage defects proved
to be reproducible and reliable. The advantage of the proce-
dure is that it is minimal invasive. Arthroscopic second-look
demonstrated a high grade of normal or nearly normal car-
tilage regeneration. Although statistically significant differ-
ences were not observed, larger defect size and younger age
may compromise the result of overall repair.
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