Knee Surg Sports Traumatol Arthrosc (2016) 24:1678-1685
DOI 10.1007/s00167-015-3822-2

@ CrossMark

KNEE

Second-look assessment after all-arthroscopic autologous
chondrocyte implantation with spheroides at the knee joint

Rainer Siebold! - Georgios Karidakis” - Sven Feil! - Francis Fernandez®

Received: 24 March 2015 / Accepted: 29 September 2015 / Published online: 24 December 2015
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2015

Abstract

Purpose To report arthroscopic second look as well as
clinical results after arthroscopic autologous chondrocyte
implantation (ACI) for articular cartilage repair at the knee
joint.

Methods A second-look assessment after arthroscopic
ACI using spheroides was performed in 41 patients with
57 full-size articular cartilage defects of the knee. The
median time from ACI to second-look arthroscopy was 10
(6-72) months. The ACI was assessed macroscopically and
by probing according to the International Cartilage Repair
Score (ICRS)—Cartilage Repair Assessment (CRA) to get
information on the amount and quality of regeneration.
Clinical follow-up with subjective outcome scores was
performed an average of 34.5 £ 19.2 months after ACIL.
Twenty-seven (65.8 %) of ACI’s were combined with addi-
tional procedures.

Results The ICRS-CRA was rated “normal” or “nearly
normal” in 52 of 57 (91.3 %) and “abnormal” in 5 (8.8 %)
of all cartilage defects. At follow-up, evaluation of KOOS
was an average of 81.0 £+ 12.9 for pain, 76.8 £ 16.6 for
symptoms, 85.1 + 14.9 for activities of daily living,
55.3 £ 27.7 for sport and recreation and 50.6 £ 23.8 for
quality of live. IKDC was 63.0 &= 18.8, Lysholm score was
79.0 £ 18.0, and Tegner score was 4 (1-6). Subjective
assessment according to the VAS scale was an average of
7.4 £ 2.1 for overall satisfaction and 6.7 &+ 2.5 satisfaction
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for the operated knee. Seven patients (22.6 %) showed low
subjective outcome scores at last follow-up—of these, 2
patients showed a CRA 3 and 5a CRA 1 or 2.

Conclusion At second-look arthroscopy, 52 (91.3 %)
of all cartilage defects showed a normal or nearly nor-
mal macroscopic articular cartilage regeneration after
arthroscopic ACI using spheroides. Twenty-four patients
(77.4 %) showed good subjective clinical results. The high
number of concomitant surgery reflexes the complex aetiol-
ogy of cartilage lesions and complexity of treatment. Thus,
a strict indication and surgical planing is necessary to avoid
clinical failures.

Level of evidence 1V.

Keywords Cartilage lesion - Autologous chondrocyte
implantation (ACI) - Spheroides - Second look - Cartilage
repair - CRA

Introduction

Current surgical treatment options for full-size articular
cartilage injuries of the knee joint are limited. Possible
options are marrow stimulation, osteochondral tissue trans-
plantation or autologous chondrocyte implantation (ACI)
[2, 4,7, 11]. Marrow stimulating techniques such as micro-
fracture have been shown to be effective in treating smaller
lesions [4, 11, 35]. However, often the regenerated fibrocar-
tilage lacks biomechanical quality and durability [16, 22].
Osteochondral transfer, e.g. mosaicplasty, has shown good
clinical results, but the amount of donor tissue may limit
the treatment of larger lesions [13]. Comparative trials were
performed [15, 18, 19].

Since first performed 20 years ago, ACI has developed
into a valuable treatment option for full-size articular
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cartilage lesions of the knee. Larger lesions can be treated,
and clinical results are promising [3-5, 12, 17, 20, 23, 24,
26-30, 32, 33, 36]. A disadvantage of reported techniques
is that the matrix-associated ACI has to be performed
through an arthrotomy.

Since 2008, the senior author has used a matrix-asso-
ciated ACI (Co.don AG, Teltow, Germany) which can be
performed all-arthroscopically [10]. The clinical advan-
tage is less soft tissue trauma and less postoperative pain,
as well as fast recovery and rehabilitation. Therefore, the
arthroscopic approach is an important new improvement,
and clinical reports of its outcome were not yet published.
Reports of second looks after ACI are generally rare [1, 6,
8, 12, 31], and results of arthroscopic-controlled ACI using
spheroides have not been reported up today.

The aim of this study was to report arthroscopic second-
look results and clinical results after all-arthroscopic ACI
using spheroides at the knee joint.

Materials and methods

Between 2009 and 2014, a total of 41 patients with 57
full-thickness articular cartilage lesions of the knee had a
second-look arthroscopy at our institution after ACI using
spheroides (Co.don AG, Teltow, Germany). All patients
were prospectively included in this study. Prior to sur-
gery, patients were clinically and radiologically assessed
for tibiofemoral and patellofemoral malalignment (Rosen-
berg view, lateral view, long leg axis radiographs, MRI).
When pathologic, this was addressed simultaneously with,
e.g. a high tibial osteotomy (HTO) or a medial tibial tuber-
cle transfer, to offload the involved cartilage lesion and
to optimise cartilage healing. Anterior cruciate ligament
reconstruction and meniscal surgery were performed, too.
Overall, concomitant surgery was necessary in 27 (65.8 %)
of 41 patients. All surgeries were performed by the sen-
ior surgeon. Demographic data, characteristics of cartilage
lesion and prior or concomitant surgeries are displayed in
Table 1.

Surgical procedure of ACI

An arthroscopy was performed to assess the articular carti-
lage lesion and to reconfirm the indication for ACI. A car-
tilage biopsy was taken at the entrance of the intercondylar
notch for cartilage cultivation. The chondrocytes were cul-
tured in patients blood into spheroids (each about 200.000
autologous cartilage cells) (Co.don AG, Teltow, Germany)
and were transferred into a sterile applicator with physi-
ological saline solution for surgical implantation. The num-
ber of spheroides at time of implantation was between 7.5
and 96 per cm? with an average of 33.7 £ 20.6 spheroids

Table 1 Patient demographics of cartilage status evaluation

Number of patients 41
Age at ACT* (years) 36.9 + 9.5 (15-50)
Time from ACI to second look® (months) 13.8 +13.2 (6-72)
BMI* 25.6 £ 3.3 (18-36)
Sex ratio (male:female) 31:10
Side ratio (left:right) 23:18
Number of defects 57
Location of defects N

Medial femoral condyle 23

Lateral femoral condyle 9

Trochlea 15

Retropatellar 8

Medial tibial plateau 2
Size of defects® (cm?) 4.3 £+ 3.4 (0.5-20)
Surgeries prior or in combination with ACI N

None 12

HTO 14

HTO combined with ACL-R

ACL-R combined with meniscal repair
Meniscal resection

Meniscal repair

Meniscus Allograft

MPFL and tubercle transfer

Tubercle transfer (Elmslie)

Lateral release

T T T = S = O U T O]

Resuture lateral meniscus after plasty of
meniscus disciformi

% The values are given as the mean with standard deviation and range
in parentheses

per cm?. After approximately 8 weeks of cartilage cultiva-
tion, the cells were ready for implantation. The mean size
of the treated defects was 4.3 + 3.4 cm® Details of the cul-
tivated spheroids are displayed in Table 2.

At time of ACI, the subchondral bone plate of the carti-
lage defect was carefully cleaned. The maximum damage
tolerated for the cartilage shoulder was ICRS grade II-III.
Severe degenerative cartilage damage ICRS M-IV, knee
instability, significant subtotal meniscus loos or malalign-
ment was exclusion criteria. The spheroids were intro-
duced into the joint by a dry arthroscopy (Fig. 1a) and were
allowed to set in place for 15 min to develop adhesions
to the subchondral bone plate. Thus, there was no need to
cover the ACI. Concomitant surgeries were performed at
time of cartilage harvest or in combination with the ACI.
Rehabilitation consisted of early passive motion as well as
physiotherapy starting on the 2nd postoperative day. Weight
bearing was restricted to 10 kg for 6 weeks, 20 kg in week
7 and 8 and with full weight bearing thereafter. Cycling
and swimming were encouraged after 8 weeks, jogging
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Table 2 Details of cultivated Number of spheroid
cartilage cells (spheroides) umber ot spheroids
Number of cells

Number of spheroids per cm?

Number of cells per cm?

Size of spheroids (um)

Sufficient cells for max defect size (cm?)

153.6 & 68.2 (30-336)

30.7 x 10° £ 13.6 x 10° (6 x 10°-67.2 x 10%

33.7 £ 20.6 (7.5-96)

6.7 x 10°+ 4.1 x 10° (1.5 x 10°-19.2 x 109

613.8 & 130.1 (317-832) x 638.5 & 144.4 (317-891)
16.1 + 6.3 (4.8-33.6)

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

Fig. 1 Arthroscopic examples of cartilage regeneration at medial
femoral condyle a implantation of chondrospheres in defect, b sec-
ond-look result 10 months after implantation

after 1 year and strenuous stop-and-go sports earliest after
1.5 years depending on the degree of activity.

Second-look arthroscopy

Second-look arthroscopy was performed an average of
13.8 £ 13.2 months (6-72) after ACI. The quality of the
ACI was assessed arthroscopically by the senior surgeon
and two more orthopaedic surgeons by visual inspection
and by using a probe according to the guidelines of the
ICRS—Cartilage Repair Assessment (CRA). Arthroscopic
examples of cartilage regeneration are displayed in Figs. 1
and 2. The reasons for second-look arthroscopy are dis-
played in Table 3. None of the secondary surgeries were
done for cartilage evaluation only.

Clinical follow-up

Thirty-one patients completed the subjective questionnaires
a mean of 34.5 + 19.3 (6-72) months after ACI. Assessed

@ Springer

Fig. 2 Arthroscopic examples of cartilage regeneration at patella
a implantation of chondrospheres in defect, b second-look result
22 months after implantation

Table 3 Reasons for second-look procedure

Reasons for second look N

Removal of HTO plate 14
Adhesiolysis and debridement
Chondroplasty/microfracture

ACL reconstruction

Meniscal surgery

MPFL revision

HTO

Cartilage biopsy (multicentre study)

e e R 2 =

were the knee injury and Osteoarthritis Outcome Score
(KOOS), Lysholm score, subjective score of International
Knee Documentation Committee (IKDC), Tegner activity
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scale, and VAS scale for satisfaction with the knee and over-
all (0-10, 0 means very unsatisfied and 10 very satisfied).

The current study was performed according to the Medi-
cal Association Declaration of Helsinki. The study proto-
col was approved by the regional ethical committee of the
ATOS Clinic (ID-Nr. 4-15).

Statistical analysis

Mean, standard deviation (SD) and range were calculated.
Due to ordinal data level for the CRA score (range 1-3),
Chi-square tests were calculated to examine the associa-
tion between CRA and predictors. Due to the approximate
normal distribution, scatterplots and Pearson’s correlation
coefficients for continuous values were applied in order to
determine whether there is a correlation between predictors
and metric outcome parameters. In addition, Kendall’s tau B
coefficients were calculated for interval scaled (metric) and
ordinal data, respectively. A two tailed p-value equal to or
less than 0.05 was considered significant. Data analysis was
performed with IBM SPSS for Windows (version 21). No
priori sample size calculation was necessary as we included
all second-look patients after ACI in a consecutive order.

Results

The cartilage status of the 57 lesions was rated ‘“normal”
(CRA I) in 12 lesions (21.1 %), “nearly normal” (CRA
ID) in 40 (70.1 %) and “abnormal” (CRA III) in 5 (8.8 %).
None of the treated defects were rated as “severely abnor-
mal” (CRA IV). Regarding the degree of defect repair,
40 lesions (70.2 %) were completely filled to the level of
the surrounding cartilage shoulder and 9 lesions (15.8 %)
reached only 75 % of the height of the surrounding carti-
lage shoulder. In terms of integration into the cartilage
shoulder, 46 of 57 lesions (80.7 %) showed a complete
integration into the surrounding cartilage. The macroscopic
appearance was an “intact smooth surface” or (superfi-
cially) “fibrillated surface” in 43 lesions (75.4 %). Details
of the ICRS-CRA assessment are displayed in Table 4.

The predictors BMI, size of defect, location of defect
and follow-up time did not have a significant impact on
the CRA. A significant correlation (p = 0.04) existed only
between age and CRA, but without any trend. In the age
group of 15-30 years, one defect (10 %) was CRA grade
1 and nine defects (90 %) were grade 2. The age group
between 30 and 40 years resulted in eight defects (40 %)

Table 4 Results of arthroscopic

. . Degree of defect repair (protocol A) N %
cartilage assessment according
to ICRS (CRA) In level with surrounding cartilage 40 70.2
75 % repair of defect depth 15.8
50 % repair of defect depth 8 14
25 % repair of defect depth - -
0 % repair of defect depth - -
Integration to border zone
Complete integration with surrounding cartilage 46 80.7
Demarcating border <1 mm 6 10.5
3/4 of graft integrated, 1/4 with a notable border >1 mm width 4 7
1/2 of graft integrated with surrounding cartilage, 1/2 with a notable border >1 mm 1 1.8
From no contact to 1/4 of graft integrated with surrounding cartilage - -
Macroscopic appearance
Intact smooth surface 14 24.6
Fibrillated surface 29 50.9
Small, scattered fissures or cracks 11 19.3
Several, small or few but large fissures 3 52
Total degeneration of grafted area - -
Overall repair assessment
Grade I
Normal 12 21.1
Grade II
Nearly normal 40 70.2
Grade 111
Abnormal 5 8.8
Grade IV

Severely abnormal
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grade 1, nine (45 %) grade 2 and three (15 %) grade 3. In
the age group 40 years and older, the assessment showed
three defects (11.1 %) grade 1, 22 defects (81.5 %) grade 2
and two defects (7.4 %) grade 3.

The statistical evaluation of the subjective IKDC
resulted in 63.0 &= 18.8, Lysholm score in 79.0 £ 18.0 and
Tegner score in 3.5 &£ 1.2 for the current level. The subjec-
tive assessment for satisfaction using the VAS scale showed
an average of 7.4 &+ 2.1 overall and 6.7 & 2.5 for the oper-
ated knee. Results of KOOS subscales are displayed in a
KOOS profile (Fig. 3). There was no correlation between
the predictors age or BMI concerning the results of the
subjective questionnaires. A positive correlation was found
between the length of follow-up and subjective scores, e.g.

100 -

80 1

60 1

40 4

Mean KOOS score

20 1

0 r . T r )
pain spt ADL sport&recr QoL

KOOS subscales

Fig. 3 KOOS profile at follow-up, 34.5 £ 19.3 (6-72) months after
ACI

KOOS for pain, symptoms, sport and recreation and qual-
ity of live, and the subjective IKDC with better results and
longer follow-up time (Table 5). There was no correlation
found between CRA and clinical scores, which might be
due to too the small number of patients.

Patients with insufficient cartilage regeneration

At second look, 4 patients with 5 cartilage lesions (8.8 %)
were rated CRA grade 3 with an insufficient cartilage
regeneration (CM 2-3 according to Outerbridge). All 4
patients have been complex cases (tibia plateau fracture
with chronic kissing lesion, chronic cartilage lesion at the
medial femoral condyle after mosaicplasty, chronic kissing
lesion at patellofemoral joint, chronic retropatellar lesion).

Patients with low subjective scores

Seven patients showed low subjective outcome scores at
their last follow-up. Two patients were rated CRA 3 and 5
patients CRA 1 or 2. Again, all patients were complex cases
(2 x ACI + HTO, 1x subtotal loss of medial meniscus
with joint space narrowing to 2-3 mm, 1 x lateral meniscus
allograft + ACI, 1x ACL revision, HTO and simultaneous
ACT’s of 3 cartilage lesions, 1 x new cartilage lesion grade
4 at other location).

Discussion

The most important finding of the present study was that
arthroscopic ACI using spheroides is a reliable and safe
procedure to repair full-size articular cartilage lesions of
the knee joint. According to the ICRS-CRA, 52 defects

Table S Correlations between predictors and scores (analyses on patient level)

Outcome Subscore Pearson’s correlation coeffi- Pearson’s correlation coeffi- Pearson’s correlation coefficient
cient (p value) cient (p value) (p value)
for age for BMI for time until follow-up

N 31 31 31

KOOS questionnaire Pain P = +0.162 (n.s.) = —0.109 (n.s.) r* = +0.390 (p = 0.03)*

Symptoms r? = 40.100 (n.s.)
ADL r? = 40.050 (n.s.)
Sport and recreation 2 = —0.018 (n.s.)
QOL P =—0.092 (n.s.)
IKDC - * = 0.000 (n.s.)
Lysholm score - = +0.282 (n.s.)
Tegner score Current value = —-0.262 (n.s.)

r? = —0.103 (n.s.)
P =40.188 (n.s.)

Satisfaction (knee) -

Satisfaction (overall) —

= —0.163 (n.s.)
2 =—0.120 (n.s.)
= —0.095 (n.s.)

r* = +0.414 (p = 0.021)*
r* = +0.325 (n.s.)
r* = 4+0.474 (p = 0.007)%*

2 =—0.117 (n.s.) r* = +0.388 (p = 0.031)*
2 =—0.042 (n.s.) r? = 40.498 (p = 0.004)**
= —0.037 (n.s.) 2 = +0.416 (p = 0.02)*
= -0.139 (n.s.) r? = 40.289 (n.s.)

2 = —0.034 (n.s.)
= —0.074 (n.s.)

r? = 40.308 (n.s.)
= 40.309 (n.s.)

Significant correlations are indicated in bold with *** p < 0.001; ** p < 0.01; * p < 0.05
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(91.3 %) had a “normal” or “nearly normal” macroscopic
cartilage regeneration assessed during second-look arthros-
copy. Subjective clinical results were good in 24 patients
(77.4 %).

At an average of 14 £ 13.2 (6-72) months postopera-
tively, 40 cartilage defects (70.2 %) were completely filled
up to the height of the surrounding cartilage shoulder. The
17 defects (29.8 %) of the patients with a lower cartilage
fill of 50-75 % of the depth had a shorter follow-up time
of an average of 9.3 £ 3 (6-13) months. Overall, the ACI
showed a complete integration into the surrounding car-
tilage shoulder in 46 of 57 lesions (80.7 %). Twenty-nine
(50.9 %) of 57 repairs showed a superficial fibrillation of
the cartilage regeneration and only 14 (24.6 %) a com-
pletely normal surface. The stiffness of the regenerated
tissue tested with a probe was minimally softer than that
of the surrounding cartilage shoulder in most cases, which
might be related to the still maturating cartilage at short-
term follow-up between 6 and 72 months after ACIL.

In the current study, complete fill of the cartilage
defects with regenerated “cartilage-like” tissue was
achieved in 91.3 % of all lesions. In 77.4 %, the subjec-
tive clinical result was good or very good. Similar results
were reported by Adachi et al. [1]. They showed that
implantation of autologous tissue-engineered cartilage-
like tissue was effective in the short- to midterm in 87.7 %
according to the ICRS, and clinical rating had improved
significantly. The arthroscopic finding was significantly
correlated with the final clinical scores. Brun et al. [6]
reported a multicentre study including 11 centres and
reconfirmed above results. 63 s-look arthroscopies with
70 biopsies were taken 5-33 months after open implan-
tation of a three-dimensional hyaluronic acid biomaterial
(Hyalograft C Autograft, BioMed). Tissues taken from
symptomatic patients were mainly fibrocartilage or mixed
(hyaline—fibrocartilage) tissue, and biopsies taken from
asymptomatic patients were hyaline cartilage in 83 %
of biopsies. The amount of hyaline regenerated tissue
was significantly higher in biopsies obtained more than
18 months after implantation compared to earlier biopsies.
The authors concluded that cartilage maturation is still
ongoing 18 months postoperatively and that persistence of
symptoms might reflect the presence of a nonhyaline car-
tilage repair tissue. Enea et al. [8] reported a multicentre
study of 33 s-look core biopsies in 30 patients. Patients
were treated with an open matrix-associated ACI (MACI).
At a mean follow-up of 15 months, 27 biopsies (81 %)
were classified as normal or nearly normal according to
the ICRS-CRA, and the overall median ICRS II histologi-
cal score was 57 (41-75). However, 6 (18 %) were clas-
sified as abnormal or severely abnormal and only 21 %
showed a hyaline-like cartilage of the examined biopsies.
The authors concluded that the macroscopic appearance

of the regenerated cartilage gave a good impression of the
histological composition which was suggested to be still
maturing after 15 months.

Good results were also reported by Gobbi et al. [12] at
the patellofemoral joint. Clinical follow-up of 34 patients
5 years after second-generation ACI (hyaluronan-based
scaffold seeded with autologous chondrocytes) demon-
strated a significant improvement in IKDC, VAS and Teg-
ner score. Second-look arthroscopy of eight patients an
average of 14.8 months revealed the repaired surface to be
nearly normal with hyaline-like biopsies. Meyerkort et al.
[25] performed MRI’s of 23 patients 5 years after ACI
(MACI) at the patellofemoral joint (9 combined with rea-
lignment procedure of the extensor mechanism). The mean
weighted MOCART composite score improved to 3.4 at
5 years indicating an intact appearance in most grafts. Graft
height measured >50 % of the cartilage shoulder in 82 %
of patients and 91 % would undergo the procedure again.
Petersen et al. [31] reported good-to-excellent clinical
results and good repair tissue fill in midterm results of 94
patients 2-9 year (mean 4.2 years) after open ACI. Later,
in a long-term evaluation with an average of 12.8 years
follow-up, Petersen et al. [32] reported good results with a
satisfaction rate of 92 % after open ACI, which was recon-
firmed in other cohort studies recently with shorter follow-
ups [9, 10, 14, 20, 32, 34].

In the current study, an overall decrease in activity level
was observed. At follow-up, some patients were still recov-
ering from the ACI and concomitant surgery. Similar to
ACL patients, the decreased activity level may also reflect
the fear of reinjury in this early phase of rehabilitation [21].

Four patients with persisting symptoms showed an
insufficient cartilage regeneration of <50 % (CRA3) of
defect fill. Another 5 patients showed low subjective out-
come scores with—in contrast—a good cartilage regenera-
tion CRA 1-2. These patients were either re-scoped within
the first year after ACI in the early phase of cartilage regen-
eration or were very complex cases with early osteoarthri-
tis, s/p partial meniscus resection, s/p meniscal allograft,
s/p osteotomy, s/p ACL revision surgery or OATS. Espe-
cially in such complex cases, the indication for ACI must
be decided very critically and was probably overstretched
in above-described cases.

In the present study, the only correlation found was
between follow-up time and subjective scores. The longer
the clinical follow-up of our patients, the better their sub-
jective scores. This finding is in line with the cartilage mat-
uration and may also be influenced by the clinical results
of concomitant surgeries. It seems to be very important to
consider the aetiology of the individual cartilage lesions,
e.g. alignment or instability, and to treat it accordingly.

A limitation of this study is that the second-look arthros-
copies were performed an average of only 13 months
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Fig. 4 Histological evaluation —tn
1 year after ACI with spheroides a

a Collagen II staining, b Hée-

matoxylin—Eosin staining

after ACI, with a minimum second look time of 6 months.
Therefore, the ICRS can only reflect an early stage of car-
tilage regeneration but not the final result. However, at this
early stage, the morphologic results have been already very
good. The subjective scores are also negatively influenced
by the early follow-up and by the complexity of cases.
Unfortunately, only one cartilage biopsy has been per-
formed to assess the histological quality of the regenerated
cartilage (Fig. 4a, b).

Conclusion

At second-look arthroscopy, 52 (91.3 %) of all cartilage
defects showed a normal or nearly normal macroscopic
articular cartilage regeneration after arthroscopic ACI using
spheroides. Twenty-four patients (77.4 %) showed good
subjective clinical results. The high number of concomitant
surgery reflexes the complex aetiology of cartilage lesions
and complexity of treatment. Thus, a strict indication and
surgical planing is necessary to avoid clinical failures.
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