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Abstract

Objective. The aim of this study was to investigate early radiological and clinical outcome of autologous minced cartilage
treatment as a single-step treatment option in patients with a chondral or osteochondral lesion (OCL) in the knee. Design.
Eighteen patients with an OCL in the knee were included. Cartilage from healthy-appearing loose bodies and/or the
periphery of the defect were minced into small chips and sealed in the defect using fibrin glue. Preoperatively, and at 3 (n
= |4) and 12 (n = 18) months follow-up, magnetic resonance imaging (MRI) was performed. The Magnetic Resonance
Observation of Cartilage Repair Tissue (MOCART) 2.0 score was used to assess the cartilage repair tissue on MRI at
12 months. The International Knee Documentation Score, Knee Injury and Osteoarthritis Outcome Score, EuroQol-
5D, and Visual Analogue Scale pain were collected preoperatively and |2 months after surgery. Results. Three months
postoperative, MRI showed complete defect filling in || out of |4 patients. Mean MOCART 2.0 score at |2 months
was 65.0 = 18.9 with higher scores for lateral femoral chondral lesions compared to medial femoral chondral lesions
(75.8 = 14.3, 52.5 = 15.8 respectively, P = 0.02). Clinical and statistical significant improvements were observed in the
patient-reported outcome measures at |2 months postoperatively compared to preoperatively. Conclusion. Treatment
of OCLs using the autologous minced cartilage procedure resulted in good cartilage repair measured by MOCART 2.0.
Clinically relevant improvements were observed in the clinical scores. This study suggests autologous minced cartilage as
a promising, single-step treatment for OClLs.
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Chondral and osteochondral lesions (OCLs) are a common
cause of knee pain, swelling and loss of function in young

and active patients. If left untreated, these defects have a
high chance to progress in size and initiate the process of
osteoarthritis (OA)."* Typically, patients with focal carti-
lage defects are young and active, and therefore joint
replacement should be avoided. Hence, effective joint-pre-
serving treatments with predictable outcome are necessary
for this group of patients.’

Treatment of OCLs is hampered by the limited capacity
for self-repair of articular cartilage®'° due to the absence of
pluripotent cells, a sparse distribution of chondrocytes and
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the lack of vasculature.!' Treatment of an OCL by surgical
intervention should ideally generate repair tissue that
resembles the structure and function of hyaline cartilage as
close as possible, and prevent deterioration into OA in the
long term.

Current treatment options for OCL include marrow-
stimulating techniques such as microfracture and subchon-
dral drilling, transplant procedures such as mosaicplasty
and osteochondral autograft transfer system (OATS), and
cell-based therapies such as autologous chondrocyte
implantation (ACI) and autologous particulated cartilage
chips. Microfracture is a relatively easy procedure, indi-
cated for small lesions (<2 c¢m?) that provides short-term
improvement.'> However, defects treated by microfracture
deteriorate between 18 and 36 months after surgery, show
higher failure rates, and shorter time to failure in compari-
son to other techniques. '3

Compared to microfracture, transplant procedures show
better results in terms of pain and function in the short- and
mid-long term,'”'® and lower reoperation rates,'” but often
result in donor site morbidity.?>?! ACI is considered to gen-
erate the best quality repair tissue and shows good long-
term clinical results,'” however is costly and is a 2-step
procedure.

Each of these currently available cartilage-restoration
techniques have their own limitations, such as limited defect
size that can be treated or necessity of a 2-step procedure.
According to the consensus statement of the Dutch
Orthopaedic Society for OCL repair, ACI is advised in the
larger and more challenging complex OCLs.??> ACI is, how-
ever, been unavailable in the Netherlands in the time-period
during which patients in this paper were treated due to
insurance issues and until recently, ACI was not indicated in
the age group younger than 18 years of age.* In view of
these limitations, novel techniques are being developed
with the goal of producing high-quality repair tissue in a
single-step procedure, without high cell-producing costs
and extensive national regulations/legislation.

An alternative to the aforementioned techniques is using
small cartilage chips harvested from the patient’s knee in a
single step procedure named the autologous minced carti-
lage procedure.?*?*> Chondrocytes from these cartilage chips
embedded in fibrin glue have been shown to migrate from
their surrounding matrix and form new extracellular matrix
(ECM).2%%" This procedure was first described by Albrecht
et al.*® in 1983 and was developed further ever since for the
treatment of chondral lesions.!7?4202%30 OCLs have suc-
cessfully been treated by Christensen et al.’! using autolo-
gous minced cartilage chips along with fragmented
autologous bone press-fitted into the bed of the defect.
Thus, chondral lesions as well as OCLs can be treated using
the autologous minced cartilage procedure. The aim of this
study was to evaluate the radiological and clinical outcome
12 months after the 1-step autologous minced cartilage

procedure performed in patients with an OCL of the knee.
In contrast to previously published studies, no scaffold or
covering membrane was used to secure the cartilage pieces
besides fibrin glue. Magnetic resonance imaging (MRI)
was used to assess the effectiveness of this new approach in
terms of defect fill at 3 months, and to score the repair tissue
at 12 months.

Materials and Methods

Study Design and Patient Selection

Patients in this study were retrospectively included from a
continuous cartilage-repair registry of the knee in which
data were prospectively collected. The study was conducted
at a single academic hospital specialized in cartilage repair
and regeneration (Joint Preserving Clinic, Maastricht
University Medical Center, The Netherlands). Patients suf-
fering from an OCL of the knee between June 2017 and
January 2020 were identified through the clinical database.
Patients were included if they underwent surgical treatment
for an OCL of the femoral condyle, patella, or trochlea by
the autologous minced cartilage procedure, and had a pre-
operative and 12-month follow-up MRI available. Patients
were selected for the autologous minced cartilage proce-
dure if they had loose, vital appearing chondral fragments
or if they suffered from osteochondritis dissecans lesions
that could not be re-fixated. Other indications were patellar
lesions or defects > 4 cm?. This study was approved by the
local ethical committee (METC 2021-2898).

Surgical Procedure

The autologous minced cartilage procedure was performed
with or without autologous cancellous bone grafting,
depending whether a bony defect was present. The surgical
procedures were performed by 2 specialized knee surgeons
(PJE and TAB). The surgery started with a diagnostic
arthroscopy of the affected knee to set the final indication,
inspect the whole joint, rule out the presence of additional
intra-articular abnormalities, and remove loose cartilage
fragments. After finishing the arthroscopic procedure, the
portals were closed with a single transcutaneous suture.
Subsequently, a medial or lateral parapatellar (mini-)
arthrotomy was performed depending on the location of the
lesion. The lesion was treated using the autologous minced
cartilage technique, as described by Massen et al.? In short,
after the lesion size was measured, the defect was debrided
using a scalpel or ringed curette until a stable, viable carti-
lage wall was encountered (Fig. 1A). The resected unstable
cartilage parts (Fig. 1B), together with any loose, macro-
scopically healthy cartilage bodies were minced into frag-
ments smaller than 1 mm x 1 mm x 1 mm, using scalpels.
This manual mincing procedure of the cartilage pieces was
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Figure |. Defect of the lateral femoral condyle after debridement creating a stable viable cartilage wall (A). Loose, vital appearing
chondral fragments collected from the suprapatellar pouch (B). Minced cartilage (C). Defect after implantation of the cartilage chips

sealed with fibrin glue (D).

performed within a drop of saline/water for better handling
of the cartilage pieces. Mincing was performed until a
paste-like consistency was achieved (Fig. 1C).

Whenever there was sclerotic or avital bone at the bot-
tom of the defect, this was debrided until healthy trabecular
bone was encountered and if subchondral bleeding was
encountered this was sealed with fibrin glue (TISSEEL,
Baxter International, Deerfield, IL, USA) (Baxter
Netherlands). In case of an osteochondral defect deeper
than 4-5 mm, autologous cancellous bone was harvested
from the proximal tibia through a cortical window. The can-
cellous bone fragments were impacted in the bony part of
the defect to the level of the subchondral plate and sealed
with fibrin glue (TISSEEL) as described by Christensen
et al*' (Fig. 1D).

Hereafter, the minced cartilage chips were placed in the
defect flush or slightly below the level of the adjacent carti-
lage and sealed using fibrin glue. The fibrin glue was not
diluted. No collagen membrane was used. Once the fibrin
glue was set, multiple flexion- and extension movements
were made to verify that the cartilage chips did not dislocate
from the defect or catch on opposing tissue.

Coexisting intra- and/or extra-articular abnormalities,
that is, meniscus tear, patellar dislocation or patellofemoral
maltracking, anterior cruciate ligament rupture, and
mechanical axis deviation, were treated in the same proce-
dure to protect the repaired cartilage.’?

Postoperative Rehabilitation

Rehabilitation was led by a physical therapist, using guide-
lines of previously published protocols.?*3> The focus of the
rehabilitation program was to protect the newly repaired
cartilage by limiting the range of motion of the knee and
gradual weightbearing, depending on the location of the
defect. Guidelines and timelines differed slightly depending
on the location of the defect.

For condylar lesions: 2 weeks non weight-bearing, 2
weeks 25% loading, 2 weeks 50% loading, return to 100%.

For patello-femoral lesions full weight bearing was allowed,
range of motion was gradually expanded using a hinged
knee brace: 2 weeks 0-30 degrees, 2 weeks 0—60 degrees,
and 2 weeks 0-90 degrees, progression to full range of
motion. Progressive muscle strengthening was pursued in a
step-wise program.

Radiological Data Collection

MRI was performed pre-operatively to assess cartilage,
subchondral bone, and soft tissues. Imaging was performed
on whole-body 1.5 and 3 Tesla imaging systems using an
extremity coil. The MRI protocol consisted of sagittal, cor-
onal, and transversal images acquired using a turbo spin
echo (TSE) sequence with and without fat suppression (FS)
and a sagittal 3-dimensional proton density sequence (PD),
similar to the protocol described by Schreiner et al.*°

All MRIs were evaluated by an experienced musculo-
skeletal radiologist (DL). Pre-operative MRIs were used to
assess the size of the lesions and define the lesions as either
pure chondral or osteochondral. The MRI scans at 3 months
follow-up were used to assess the repair site and to quantify
the fill of the defect in terms of depth. Repair sites were
scored as complete fill, partial fill, or complete delamina-
tion of the implanted cartilage chips.

The 12 months follow-up MRI was graded using the
Magnetic Resonance Observation of Cartilage Repair
Tissue (MOCART) 2.0 score.> This score consists of seven
parameters that assess the quality of the repair tissue that
can be combined to a total score. The total score ranges
between 100 (hyaline cartilage/best achievable repair tis-
sue) and 0 (worst score).

Clinical Data Collection

Pre-operatively and 12 months after surgery, 4 different
questionnaires were filled out by the patient at the outpa-
tient clinic: the Pain Visual Analog Scale’’® (Pain VAS;
0-100, O indicating no pain, 100 indicating unbearable
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pain), International Knee Documentation Committee
Subjective Knee Evaluation Form**#° (IKDC; 0-100, 100
being the highest score), the Knee Injury and Osteoarthritis
Outcome Score*™*! (KOOS; 0-100 for five separately
scored subscales; pain, other symptoms, function in daily
living, function in sport, and knee-related quality of life,
100 being the highest score), and the 5-level EuroQol*
(EQ-5D; 1-5 for five domains, 1 being the highest score).

The EQ-5D measures health-related quality of life in five
domains (mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression). The EQ-5D index score was
calculated based on a Dutch value set, representative of the
Dutch population with regard to age and gender.**** Missing
items in the Patient Reported Outcome Measures (PROMs)
were treated as described by Irrgang et al.?° and Roos et al.*°
For the IKDC a maximum of 2 missing values was accepted
and the IKDC score was calculated based on the maximum
possible score (of the filled out items). For the 5 subscales of
the KOOS at least 50% of the questions needed to be filled
out and the score was calculated based on the maximum pos-
sible score of the completed questions.

Statistical Analysis

Statistical analysis was performed using SPSS (IBM SPSS
Statistics for Windows, Version 27.0. Armonk, NY: IBM
Corp). All data were tested for normality using the Shapiro-
Wilk test. To compare preoperative with follow-up vari-
ables, paired ¢-tests were performed on normally distributed
data, while nonparametric data were analyzed using the
Wilcoxon signed rank test, and Mann-Whitney-U test.

Correlations were performed using Pearson and
Spearman correlation coefficient (Pearson R and Spearman’s
rho respectively). Possible relationships between MOCART
score and patient characteristics (age, BMI), as well as
between MOCART score and defect characteristics (loca-
tion, size, bone grafting), and MOCART score and PROMs
were studied. Furthermore, PROMs were examined for pos-
sible relations with patient characteristics, and defect char-
acteristics. Differences between defect locations were
compared using Kruskal-Wallis analysis and post-hoc
Bonferroni correction. All statistical tests were 2-sided.
Descriptive results are demonstrated as mean * standard
deviation (SD) unless otherwise specified. The significance
level was defined as P = 0.05 for all tests.

Results

Patients and Demographics

Eighteen patients were included in this study, with a mean
follow-up of 14.1 %= 2.7 months. Postoperative MRI was
performed at 3.2 = 0.8 months and 13.3 = 2.7 months.
Demographic data are displayed in Table 1. Four patients

Table I. Patient Demographics (n = 18).

Sex, male: female 13:5
Age at surgery (years)]* 230 £75
Body mass index (kg/m?)? 228 =26
Smoking, yes: no 2:16
Previous surgery on index knee 4
Follow-up time (months)? 14.1 = 2.7

?Data are presented as mean * SD.

Table 2. Defect Characteristics, Concomitant Procedures,
Perioperative.

Defect characteristics n

Location of defect
Medial femoral condyle
Lateral femoral condyle
Patella
Trochlea —
Size of defect
=l cm?

A~ Oon 00

-2 cm?
24 cm?
=4 cm?

Cancellous bone grafting
Medial femoral condyle
Lateral femoral condyle
Patella —

Concomitant procedures
High tibial osteotomy
Campbell-Green
Lateral patellar retinaculum release
Tibial tubercle osteotomy
Partial medial meniscectomy
Partial lateral meniscectomy
Anterior cruciate ligament repair

N oo —

(Vo BNV, |

—_—_— —_ — NN

had undergone previous surgery of the knee, of which one
had an intervention for the index lesion (arthroscopic fixa-
tion in another hospital). Arthroscopic removal of loose
bodies was performed in another hospital in 3 patients.

Lesions were located at the medial femoral condyle
(MFC) (n = 8, 44%), the lateral femoral condyle (LFC)
(n = 6, 33%), and patella (n = 4, 22%). No lesions of the
trochlea were encountered. In 10 patients, autologous can-
cellous bone grafting was performed due to the depth of the
defect. In 7 patients one or more concomitant procedures
were performed. Defect characteristics and surgery details
are displayed in Table 2.

At 12 months follow-up, 1 patient had been reoperated
arthroscopically for hypertrophic overgrowth of the repair
tissue. One out of 2 patients who had undergone a concomi-
tant high tibial osteotomy, had the implanted hardware
removed.
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Figure 2. Top row: Pre-operative MR image showing the full thickness cartilage lesion with a 5mm bony defect at the lateral femoral
condyle (A). MRI 3 months post-operatively showing complete fill of the defect (B). MRI | year post-operatively showing complete fill
of the defect with good integration, no bony defect and minor subchondral oedema; MOCART 80, patient 5 (C). MR sequences A to
C: PD FS, PD FS, PD FS. Middle row: Pre-operative MR image showing a full thickness cartilage lesion with a bony defect at the lateral
aspect of the patella (D). MRI 3 months post-operatively showing complete fill of the defect (E). MRI | year post-operatively showing
complete fill of the defect with good integration, no hypertrophy, homogeneous repair tissue with normal signal intensity, and no
subchondral changes; MOCART 100, patient | (F). MR sequences D to F: PD TSE, FSE FS, T2 TSE. Bottom row: Pre-operative MR
image showing a full thickness cartilage lesion with a bony defect at the lateral femoral condyle (G). MRI 3 months post-operatively
showing partial fill of the defect (H). MRI | year post-operatively showing hypertrophy of the graft, good integration into adjacent
cartilage, heterogenous structure of the RT and minor subchondral oedema; MOCART 70, patient 9 (I). MR sequences G to |: PD,
T2 FS, T2 FS. MRI = magnetic resonance imaging; MOCART = Magnetic Resonance Observation of Cartilage Repair Tissue; PD =
proton density; FS = fat suppression; TSE = turbo spin echo.

One serious adverse event occurred during high  damaged, for which vascular repair was indicated and a
tibial osteotomy: perioperatively the popliteal artery was transient neuropathy of the peroneal nerve was diagnosed.
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MFC LFC Patella

Defect location

Figure 3. MOCART score per defect location. The asterisk
depicts a statistically significant difference between the
MOCART score of LFC and MFC lesions (p = 0.02). MOCART
= Magnetic Resonance Observation of Cartilage Repair Tissue;
LFC = lateral femoral condyle; MFC = medial femoral condyle.

Radiological Results

Defect sizes scored on pre-operative MRI ranged from 0.24 to
7.8 cm?, with a mean of 3.3 * 2.1 cm?. At 3 months after sur-
gery, 14 out of 18 patients underwent MRI. In 11 patients
(79%), a complete fill of the defect was seen, indicating that
the cartilage chips did not migrate. The remaining 3 patients
had a partial fill of the defect on MRI as can been seen in
Figure 2. Table 3 presents an overview of the MOCART
scoring based on MRI at 12 months postoperatively per
patient, including relevant patient characteristics and concom-
itant procedures. The total MOCART score at 12-month fol-
low-up ranged from 35 to 100, with a mean of 65.0 = 18.9.
The total MOCART scores are displayed by location in
Figure 3. Defects of the MFC had significant lower MOCART
scores compared to defects of the LFC (mean MOCART: 52.5
=+ 15.8 vs 75.8 = 14.3 respectively, P = 0.02).

No significant correlation was found between MOCART
score and defect size (Pearson R = -0.305, P = 0.219).
However, defects <2.5 cm? had significant higher
MOCART scores (P = 0.02) than defects >2.5cm?.

Neither cancellous bone grafting (mean MOCART: 63.5
* 18.1 vs 66.9 = 21.0 for bone grafting and no bone graft-
ing respectively, P = 0.73), BMI (Pearson R = -0.021, P =
0.935), or age at time of surgery (Spearman’s tho = -0.222,
P = 0.376) were significantly related to MOCART score at
12 months follow-up.

Clinical Results

A statistically significant improvement from preoperative to
12 months postoperative was found in the VAS pain, IKDC

score, all 5 subscales of the KOOS, and the EQ-5D-5L
(Table 4). No correlation was found between the clinical
outcome scores and the size of the defect. Also, the use of a
cancellous bone graft was not related to the clinical scores,
neither was the ICRS score of the defect related to clinical
scores or the MOCART score.

IKDC and KOOS QoL subscale were moderately and
statistically significantly correlated to the MOCART score
(Pearson R = 0.529, P = 0.05, and Pearson R = 0.541,
P = 0.05 respectively).

BMI of the patient was negatively correlated with the
KOOS pain subscale (Pearson coefficient R = -0.597, P =
0.02), so the higher the BMI of a patient, the more pain he
or she experiences. Furthermore, age was negatively corre-
lated with the KOOS ADL subscale (Spearman’s rho =
-0.612, P = 0.02), so the older the patient is, the more limi-
tations in daily life he or she experiences (Supplementary
material for this article is available online).

Discussion

The aim of this study was to report early radiological and
clinical outcome of a single-step autologous minced carti-
lage procedure for OCLs of the knee. The primary finding
of this study was a good healing response of the repair tis-
sue as measured by MOCART score. Moreover, this study
demonstrates improvements in pain, knee function, and
quality of life 12 months after surgery.

The mean MOCART score (65.0 = 18.9), observed 12
months after surgery, is comparable to the results found pre-
viously with the minced cartilage technique. Christensen
et al>' observed a MOCART score of 52.5 * 14.4 1 year
after autologous dual tissue transplantation and Massen
et al.® found a MOCART score of 40.6 = 21.1 at 6 months
after surgery. The MOCART score shows continuous
improvement over time*”*® and therefore, no direct compari-
son can be made between the MOCART scores presented by
Massen et al.>>and the scores presented in the current study
and in the study by Christensen et al3'ACI is still consid-
ered to result in the best quality repair tissue.!® This is sup-
ported by McCarthy and Roberts.* who found a median
MOCART score of 70 in 163 patients 1 year after ACI using
either a periosteal or collagen membrane (first generation
ACI). Recently published studies looking into the results of
matrix-assisted chondrocyte implantation (MACI), and ACI
with scaffold (second/third generation ACI) found MOCART
scores of 76 = 16,*” and 78 *+ 13°° 2 years after surgery.

The VAS pain showed a median score of 13.5 (2.8-39.8)
at 12 months follow-up compared to 44.0 (20.0-76.0)
before surgery. This improvement in VAS (30.5 points on a
0-100 scale) is comparable to the average outcomes found
in studies of first-, second-, and third generation ACI look-
ing into the VAS pain on a 0—10 scale: Nawaz et al.>! found
a decrease in VAS pain of 2.39 in 827 patients at a mean
follow-up of 6.2 years, a systematic review by DiBartola
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Table 4. Patient Reported Outcome Measures.

PROMs Baseline 12 Months P-Value
VAS pain 442 (20-76)° 14 (3—40)° 0.001
IKDC 416 = 175 66.3 +20.2 0.005
KOOS 46.7 = 165 724 + 156 <0.001
Symptoms 58.3 * 6.1 80.4 + [2.5 0.001
Pain 60.0 = 184 85.1 =128 0.002
ADL 70.6* (45.6-88.2)° 94.0* (84.2-98.9)° 0.002
Sport 24.6 + 23.5 57.1 £ 36.8 0.006
QoL 25.0 £ 16.2 484 + 239 0.004
EQ-5D 0.693 = 0.154 0.843 = 0.128 0.033

PROM = Patient Reported Outcome Measures; VAS pain = Visual Analog Scale of pain; IKDC = International Knee Documentation Committee;
KOOS = Knee injury and Osteoarthritis Outcome Score; ADL = Activities of Daily Living; QoL = Quality of Life; EQ-5D = EuroQol-5D.

*Median.
PInterquartile range.

et al>? found a mean decrease in VAS of 36.4% (3.64 points
on a 10 point scale) at a follow-up of 4 to 6 years.

Knee function score at 12 months postoperatively, as
reflected by the IKDC and KOOS, showed significant
improvement compared to pre-operative scores. These
improvements of 25 and 26 points, respectively, are larger
than the minimal clinically important changes (MIC) of
these scores (MIC IKDC 11 points,® MIC KOOS 8-10
points)*S. Moreover, these scores are regarded as substantial
clinical benefit,>* and reached the Patient Acceptable
Symptomatic State threshold.>

The IKDC and KOOS scores are comparable to studies
looking into the results of ACIL. Schlumberger ef al.>® found
IKDC and total KOOS scores of 66 = 10 and 73 = 19
points, respectively, at 31 months follow-up. Niemeyer
etal’” found improvements in IKDC and total KOOS
scores of 24.2 = 16.9 and 24.9 = 17.4, respectively at 24
months follow-up.

The IKDC score might be an important predictor for
long-term outcomes according to a systematic review by
Howard ef al.’’ comparing the various patient-reported out-
come measures used in assessing the effects of ACI.

The use of small autologous cartilage pieces to treat
OCLs was first demonstrated by Albrecht et al.?® in 1983 in
an experimental rabbit model. More recently, chondrocytes
have been observed to migrate from these cartilage chips
and form new ECM.2%?” Moreover, chondrocytes are viable
when cartilage is cut using sharp instruments®®* as opposed
to blunt trauma as can be seen at the edges of osteochondral
autografts in mosaicplasty.®® Increased fragmentation of the
cartilage pieces positively affects the production of ECM
in vitro,*! indicating the importance of extensive fragmenta-
tion until a paste-like consistency has been reached.

Preparation of the cartilage defect consists of creating a
stable, viable cartilage wall and removal of the calcified
layer at the bottom of the defect. The harvested cartilage
from the defect edge is vital>>*? and shows superior redif-

ferentiation of chondrocytes compared to non-weight bear-
ing cartilage.®>%

Also, the shear-off lesions remain viable, as we also have
seen with the “modified hedgehog technique,” where we
press-fitted back the flake, and ingrowth of vital cartilage
was seen after 1 year.®> While we are aware that this is still
a topic for discussion, we chose to harvest from the defect
edge in this technique and avoid possible damage of healthy
zones of the joint. A healthy joint status leads to higher
chances of success for cell-based techniques.®® Moreover,
future studies may consider techniques for per-operative
testing of graft quality.

Other sources for cartilage harvest are macroscopically
healthy appearing loose bodies®”*® or non-weight bearing
regions such as the intercondylar notch or lateral rim of the
trochlea. Cartilage harvested from the edge of the defect
and any existing loose bodies provided enough cartilage
pieces to cover the defect in all patients.

A number of different techniques have been described to
secure the cartilage pieces. Cole et al.** used fibrin glue in
conjunction with a synthetic scaffold (CAIS, discontinued
product) showing good results in 24 patients at 2 year fol-
low up. Qualitative MRI did not favor MFX or CAIS in
terms of graft fill, integration into adjacent cartilage, or
presence of subchondral cysts. However, IKDC and KOOS
were statistically and clinically significant better in the
CAIS group at 2-year follow-up. Christensen et al.’! used
fibrin glue only to fixate osteochondritis dissecans lesions
by combined autologous bone and cartilage chips transplan-
tation showing good MOCART scores of 52.5 = 14.4 at 1
year follow-up and significant improvements in IKDC, 4
KOOS subscales and Tegner score.

Massen et al.® combined the use of fibrin glue with a
Chondro-Gide membrane to fixate the cartilage fragments.
Nineteen out of 27 patients in Massen’s study had lesions of
the patello-femoral joint. Such coverage as the Chondro-
Gide membrane might be important in a weakly constrained
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joint compartment with high shearing forces.?*°Average
MOCART score at 6 months was 40.6 = 21.1, knee func-
tion and pain significantly improved as measured by
numeric analog scale.

Despite different follow-up moments for MRI and dif-
ferent PROMs being used, these few published studies
show good radiological and clinical outcomes in the short
term. However, studies with long-term follow-up, larger
cohorts, and standardized methods of measuring outcomes
are needed to establish the place for the autologous minced
cartilage technique in the treatment algorithm for OCLs.

No comparative studies regarding the use of a covering
membrane for different anatomical regions have been con-
ducted. Using fibrin glue only in this series of patients, a
complete fill of the defect was observed 3 months after sur-
gery in 11 out of 14 patients who underwent MRI. The
remaining 3 patients had a partial fill of the defect. The
advantages of not using a membrane are that this allows to
perform the procedure arthroscopically, and eliminates the
need for possibly damaging sutures to connect the mem-
brane with the native healthy cartilage. Moreover, several
studies have shown fibrin sealant is a medium that promotes
growth and migration of chondrocytes.”®’!

In contrast to a retrospective study by Schreiner ef a
of 114 OCL repairs by means of microfracture, OATS, and
ACI, defects smaller than 2.5 cm? had significant higher
MOCART scores than larger defects. Moreover, defects of
the LFC had significantly higher MOCART scores com-
pared to MFC defects. A possible explanation may be found
in that the medial knee compartment bears more load than
the lateral compartment”7> and therefore leads to higher
pressure on the newly forming regenerative tissue. This
finding is in line with Emre et al.’® finding lower Lysholm
knee score in lesions located on the MFC in a retrospective
series of 152 patients undergoing mosaicplasty.

Numerous studies use MR imaging to evaluate cartilage
repair strategies. While McCarthy et al.”” found a signifi-
cant correlation between the MOCART score and clinical
outcome in the long term, others only found correlations
between clinical outcome and certain individual parameters
of the MOCART as defect fill, subchondral bone, structure,
and signal intensity of the repair tissue.”®3!

This study suffered from a number of limitations. First,
with the short clinical follow-up of 14.1 = 2.7 months and
radiological follow-up of 13.3 = 2.7 months, the results of
this study cannot be compared to previous studies on long-
term outcomes of ACL!'># OAT,*#* and microfracture.®’
Long-term follow-up is necessary to distinguish between
continuous clinical improvement as seen in ACI and dete-
rioration of clinical results as seen in microfracture after 18
or 24 months, #1586

Second, the heterogeneity of the patients included in this
study should be considered. Of the 18 patients, 7 (39%) suf-
fered co-abnormalities and needed one or more additional

1'72

procedures beside the repair of the OCL, and 4 patients
(22%) had already been operated on the index knee. These
concomitant procedures may have affected the results of
this study, but we considered treatment of these co-existing
pathologies essential to protect the repair site and the devel-
oping cartilage.’>%7:% Third, 3-month follow-up MRI was
performed in only 14 out of 18 patients. Four patients did
not show up for the MRI exam for unknown reasons. While
their MOCART scores were average to good (Table 3), it is
not possible to retrospectively evaluate whether they had a
complete fill of the defect at 3 months. Without this neces-
sary information, no confident assertion can be made
whether fibrin glue, without the use of a covering mem-
brane, is enough to secure the cartilage pieces in the defect.

Fourth, MRI exams were performed at both 1.5 T and 3.0
T. In a comparative study performed by Kijowski et al.,*’ a
3.0 T MR protocol showed improved diagnostic perfor-
mance for evaluation of the cartilage compared to a 1.5 T
protocol. This lower resolution of some MRI exams in our
study made it harder to accurately fill out the MOCART 2.0
score.

Fifth, as only young patients were included in this study,
we can only speculate about the appropriateness of this
technique in patients aged 30—40 or even 50 years. For
example, we may question if the results of this study might
be similar to those of microfracture (bone-based) or cell-
based techniques® in these age groups. However, further
research with longer follow-up is necessary to elucidate the
appropriateness of minced cartilage technique for middle-
aged patients.

Lastly, due to the heterogeneity of the observed lesions
regarding lesion size and nature of the lesions (traumatic
versus chronic, chondral versus osteochondral) no direct
comparison to other existing cartilage repair techniques is
possible. Further standardized datacapture a and registry
formation are needed to establish the optimal indication and
personalized treatment plan identification.

To conclude, promising results of 18 patients treated by
the autologous minced cartilage procedure were presented,
showing significant improvements in knee function, quality
of life and pain at 12 months follow-up. Additionally, radio-
logical evaluation showed good cartilage quality at 12
months follow-up. A significantly higher MOCART score
was found in defects of the LFC compared to MFC and in
defects smaller than 2.5 cm2 compared to larger defects.

Future studies are required to proof durability and the
position of this technique in comparison to existing tech-
niques in cartilage treatment algorithms which include
patient age, size and features of the defect, and other
variables.

Author’s Note
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Maastricht, The Netherlands.



28

CARTILAGE 13(4)

Acknowledgments and Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this

article.
Ethical Approval
This study was approved by the local ethical committee (METC
2021-2898).
ORCID iD
M.H.H. Wodzig "2 https://orcid.org/0000-0001-8100-0843
References
1. Maletius W, Messner K. The effect of partial menisceclomy on

10.

the long-term prognosis of knees with localized, severe chon-
dral damage: a twelve- to fifteen-year followup. Am J Sports
Med. 1996;24(3):258-62. doi:10.1177/036354659602400302.

. Davies-Tuck ML, Wluka AE, Wang Y, Teichtahl AJ, Jones G,

Ding C, et al. The natural history of cartilage defects in people
with knee osteoarthritis. Osteoarthr Cartil. 2008;16(3):337-
42. doi:10.1016/j.joca.2007.07.005.

. Spahn G, Hofmann G. Fokale Knorpelschdden des medi-

alen Gelenkkompartiments: Préadiktoren fiir die Progression
der Kniearthrose. Z Orthop Unfall. 2014;152(5):480-8.
doi:10.1055/5-0034-1383081.

. Jungmann PM, Gersing AS, Baumann F, Holwein C, Braun S,

Neumann J, et al. Cartilage repair surgery prevents progression
of knee degeneration. Knee Surg Sports Traumatol Arthrosc.
2019;27(9):3001-13. doi:10.1007/s00167-018-5321-8.

. Jeuken RM, Roth AK, Peters RIRW, van Donkelaar CC, Thies

JC, van Rhijn LW, et al. Polymers in cartilage defect repair
of the knee: current status and future prospects. Polymers.
2016;8(6):219. doi:10.3390/polym8060219.

. Mankin H. The response of articular cartilage to mechanical

injury. J Bone Joint Surg. 1982;64(3):460-6.

. Hunziker EB. Articular cartilage repair: basic science and

clinical progress. A review of the current status and pros-
pects. Osteoarthr Cartil. 2002;10(6):432-63. doi:10.1053/
joca.2002.0801.

. Hunziker EB. Articular cartilage repair: are the intrinsic biologi-

cal constraints undermining this process insuperable. Osteoarthr
Cartil. 1999;7(1):15-28. doi:10.1053/joca.1998.0159.

. Niemeyer P, Andereya S, Angele P, Ateschrang A,

Aurich M, Baumann M, et al. Stellenwert der autologen
Chondrozytentransplantation (ACT) in der Behandlung von
Knorpelschidden des Kniegelenks—Empfehlungen der AG
Klinische Geweberegeneration der DGOU. Z Orthop Unfall.
2013;151(1):38-47. doi:10.1055/s-0032-1328207.

Shapiro F, Koide S, Glimcher MJ. Cell origin and differ-
entiation in the repair of full-thickness defects of articu-
lar cartilage. J Bone Joint Surg Am. 1993;75(4):532-53.
doi:10.2106/00004623-199304000-00009.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

Emans PJ, van Rhijn LW, Welting TJM, Cremers A, Wijnands
N, Spaapen F, et al. Autologous engineering of cartilage. Proc
Natl Acad Sci U S A. 2010;107(8):3418-23. doi:10.1073/
pnas.0907774107.

Behery O, Siston RA, Harris JD, Flanigan DC. Treatment
of cartilage defects of the knee: expanding on the existing
algorithm. Clin J Sport Med. 2014;24(1):21-30. doi:10.1097/
JSM.0000000000000004.

Mithoefer K, Williams RJ 3rd, Warren RF, Potter HG, Spock
CR, Jones EC, et al. The microfracture technique for the treat-
ment of articular cartilage lesions in the knee: a prospective
cohort study. J Bone Joint Surg Am. 2005;87(9):1911-20.
doi:10.2106/JBJS.D.02846.

Kreuz PC, Steinwachs MR, Erggelet C, Krause SJ, Konrad
G, Uhl M, et al. Results after microfracture of full-thickness
chondral defects in different compartments in the knee.
Osteoarthr  Cartil.  2006;14(11):1119-25.  doi:10.1016/j.
joca.2006.05.003.

. Basad E, Ishaque B, Bachmann G, Stiirz H, Steinmeyer J.

Matrix-induced autologous chondrocyte implantation versus
microfracture in the treatment of cartilage defects of the knee: a
2-year randomised study. Knee Surg Sports Traumatol Arthrosc.
2010;18(4):519-27. doi:10.1007/s00167-009-1028-1.

Solheim E, Hegna J, Inderhaug E. Long-term survival after
microfracture and mosaicplasty for knee articular cartilage
repair: a comparative study between two treatments cohorts.
Cartilage. 2020;11(1):71-6. doi:10.1177/1947603518783482.
Farr J, Cole B, Dhawan A, Kercher J, Sherman S. Clinical
cartilage restoration: evolution and overview. Clin Orthop
Relat Res. 2011;469(10):2696-705. doi:10.1007/s11999-010-
1764-z.

Solheim E, Hegna J, @yen J, Austgulen OK, Harlem T, Strand
T. Osteochondral autografting (mosaicplasty) in articular
cartilage defects in the knee: results at 5 to 9 years. Knee.
2010;17(1):84-7. doi:10.1016/j.knee.2009.07.007.

Riboh JC, Cvetanovich GL, Cole BJ, Yanke AB. Comparative
efficacy of cartilage repair procedures in the knee: a net-
work meta-analysis. Knee Surg Sports Traumatol Arthrosc.
2017;25(12):3786-99. doi:10.1007/s00167-016-4300-1.
Andrade R, Vasta S, Pereira R, Pereira H, Papalia R, Karahan
M, et al. Knee donor—site morbidity after mosaicplasty—a
systematic review. J Exp Orthop. 2016;3(1):31. doi:10.1186/
s40634-016-0066-0.

Zylinska B, Silmanowicz P, Sobczynska-Rak A, Jarosz
L, Szponder T. Treatment of articular cartilage defects:
focus on tissue engineering. In Vivo. 2018;32(6):1289-300.
doi:10.21873/invivo.11379.

Caron JJ, Custers RJH, Emans PJ. Standpunt van
de Nederlandse Orthopaedische Vereniging (NOV):
Chirurgische behandeling van (osteo)chondrale defecten in
de knie. Available from: https://www.orthopeden.org/down-
loads/761/standpunt-chirurgische-behandeling-osteochon-
drale-defecten-knie.pdf

European Medicines Agency. CHMP post-authorisation
summary of positive opinion for Spherox (I1I-20). Published
Online May 21, 2021. Available from: https://www.ema.
europa.cu/en/documents/smop/chmp-post-authorisation-
summary-positive-opinion-spherox-ii-20_en.pdf.


https://orcid.org/0000-0001-8100-0843
https://www.orthopeden.org/downloads/761/standpunt-chirurgische-behandeling-osteochondrale-defecten-knie.pdf
https://www.orthopeden.org/downloads/761/standpunt-chirurgische-behandeling-osteochondrale-defecten-knie.pdf
https://www.orthopeden.org/downloads/761/standpunt-chirurgische-behandeling-osteochondrale-defecten-knie.pdf
https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-spherox-ii-20_en.pdf
https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-spherox-ii-20_en.pdf
https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summary-positive-opinion-spherox-ii-20_en.pdf

Wodzig et al.

29

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cole BJ, Farr J, Winalski CS, Hosea T, Richmond J,
Mandelbaum B, er al. Outcomes after a single-stage pro-
cedure for cell-based cartilage repair: a prospective clini-
cal safety trial with 2-year follow-up. Am J Sports Med.
2011;39(6):1170-9. doi:10.1177/0363546511399382.
Massen FK, Inauen CR, Harder LP, Runer A, Preiss S,
Salzmann GM. One-step autologous minced cartilage
procedure for the treatment of knee joint chondral and
osteochondral lesions: a series of 27 patients with 2-year fol-
low-up. Orthop J Sports Med. 2019;7(6):2325967119853773.
doi:10.1177/2325967119853773.

Lu Y, Dhanaraj S, Wang Z, Bradley DM, Bowman SM, Cole
BJ, et al. Minced cartilage without cell culture serves as an
effective intraoperative cell source for cartilage repair. J
Orthop Res. 2006;24(6):1261-70. doi:10.1002/jor.20135.
Sage A, Chang AA, Schumacher BL, Sah RL, Watson D.
Cartilage outgrowth in fibrin scaffolds. Am J Rhinol Allergy.
2009;23(5):486-91. doi:10.2500/ajra.2009.23.3347.

Albrecht F, Roessner A, Zimmermann E. Closure of osteo-
chondral lesions using chondral fragments and fibrin adhesive.
Arch Orthop Trauma Surg. 1983;101(3):213-7. doi:10.1007/
BF00436773.

Salzmann GM, Calek AK, Preiss S. Second-generation
autologous minced cartilage repair technique. Arthrosc Tech.
2017;6(1): e127-e131. doi:10.1016/j.eats.2016.09.011.
Buckwalter JA, Bowman GN, Albright JP, Wolf BR, Bollier
M. Clinical outcomes of patellar chondral lesions treated
with juvenile particulated cartilage allografts. lowa Orthop J.
2014;34:44-49. Available from: https://pubmed.ncbi.nlm.nih.
gov/25328458/ (accessed November 21, 2021).

Christensen BB, Foldager CB, Jensen J, Lind M. Autologous
dual-tissue transplantation for osteochondral repair: early
clinical and radiological results. Cartilage. 2015;6(3):166-73.
doi:10.1177/1947603515580983.

van Osch GJVM, Brittberg M, Dennis JE, Bastiaansen-
Jenniskens YM, Erben RG, Konttinen YT, ef al. Cartilage
repair: past and future—lessons for regenerative medi-
cine: regenerative medicine review series. J Cell Mol Med.
2009;13(5):792-810. doi:10.1111/j.1582-4934.2009.00789.x.
Hambly K, Bobic V, Wondrasch B, van Assche D, Marlovits
S. Autologous chondrocyte implantation postoperative care
and rehabilitation: science and practice. Am J Sports Med.
2006;34(6):1020-38. doi:10.1177/0363546505281918.
Reinold MM, Wilk KE, Macrina LC, Dugas JR, Cain EL.
Current concepts in the rehabilitation following articular
cartilage repair procedures in the knee. J Orthop Sports Phys
Ther. 2006;36(10):774-94. doi:10.2519/jospt.2006.2228.
Gillogly SD, Myers TH, Reinold MM. Treatment of full-
thickness chondral defects in the knee with autologous
chondrocyte implantation. J Orthop Sports Phys Ther.
2006;36(10):751-64. doi:10.2519/jospt.2006.2409.

Schreiner MM, Raudner M, Marlovits S, Bohndorf K, Weber
M, Zalaudek M, efal. The MOCART (Magnetic Resonance
Observation of Cartilage Repair Tissue) 2.0 knee score and atlas.
Cartilage.2019;13:571S-587S.d0i:10.1177/1947603519865308.
Downie WW, Leatham PA, Rhind VM, Wright V, Branco
JA, Anderson JA. Studies with pain rating scales. Ann Rheum
Dis. 1978;37(4):378-81. doi:10.1136/ard.37.4.378.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Younger J, McCue R, Mackey S. Pain outcomes: a brief
review of instruments and techniques. Curr Pain Headache
Rep. 2009;13(1):39-43. doi:10.1007/s11916-009-0009-x.
Irrgang JJ, Anderson AF, Boland AL, Harner CD, Kurosaka
M, Neyret P, etal. Development and validation of the
International Knee Documentation Committee Subjective
Knee Form. Am J Sports Med. 2001;29(5):600-13. doi:10.1
177/03635465010290051301.

Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM
Measures of knee function: International Knee Documentation
Committee (IKDC) Subjective Knee Evaluation Form, Knee
Injury and Osteoarthritis Outcome Score (KOOS), Knee Injury
and Osteoarthritis Outcome Score Physical Function Short Form
(KOOS-PS), Knee Outcome Survey Activities of Daily Living
Scale (KOS-ADL), Lysholm Knee Scoring Scale, Oxford Knee
Score (OKS), Western Ontario and McMaster. Arthritis Care
Res. 2011;63(Suppl 11):S208-S228. doi:10.1002/acr.20632.
Bekkers JEJ, de Windt TS, Raijmakers NJH, Dhert WJA,
Saris DBF. Validation of the Knee Injury and Osteoarthritis
Outcome Score (KOOS) for the treatment of focal cartilage
lesions. Osteoarthr Cartil. 2009;17(11):1434-9. doi:10.1016/].
joca.2009.04.019.

CentERdata, Institute for Data Collection and Research,
Tilburg University. Validating the Dutch SF-6D and
EQ-5D using pairwise comparisons and best-worst scaling.
doi:10.17026/dans-zmb-2ec5.

Lamers LM, McDonnell J, Stalmeier PFM, Krabbe PFM,
Busschbach JJV. The Dutch tariff: results and arguments
for an effective design for national EQ-5D valuation studies.
Health Econ. 2006;15(10):1121-32. doi:10.1002/hec.1124.
van Hout B, Janssen MF, Feng YS, Kohlmann T, Busschbach
J, Golicki D, et al. Interim scoring for the EQ-5D-5L: map-
ping the EQ-5D-5L to EQ-5D-3L value sets. Value Health.
2012;15(5):708-15. doi:10.1016/j.jval.2012.02.008.

Lamers L, Stalmeier P, McDonnell J, Krabbe P, van
Busschbach J. Measuring the quality of life in economic
evaluations: the Dutch EQ-5D tariff. Ned Tijdschr Geneeskd.
2005;149(28):1574-8.

Roos EM, Toksvig—Larsen S. Knee injury and Osteoarthritis
Outcome Score (KOOS)—Validation and comparison to
the WOMAC in total knee replacement. Health Qual Life
Outcomes. 2003;1:17. doi:10.1186/1477-7525-1-17.
Niemeyer P, Laute V, Zinser W, Becher C, Kolombe T,
Fay J, etal. A prospective, randomized, open-label, mul-
ticenter, Phase III noninferiority trial to compare the
clinical efficacy of matrix-associated autologous chon-
drocyte implantation with spheroid technology versus
arthroscopic microfracture for cartilage defects of the
knee. Orthop J Sports Med. 2019;7(7):2325967119854442.
doi:10.1177/2325967119854442.

Niethammer TR, Pietschmann MF, Horng A, Rofbach BP,
Ficklscherer A, Jansson V, et al. Graft hypertrophy of matrix-
based autologous chondrocyte implantation: a two-year fol-
low-up study of NOVOCART 3D implantation in the knee.
Knee Surg Sports Traumatol Arthrosc. 2014;22(6):1329-36.
doi:10.1007/s00167-013-2454-7.

McCarthy HS, Roberts S. A histological comparison of the
repair tissue formed when using either Chondrogide® or


https://pubmed.ncbi.nlm.nih.gov/25328458/
https://pubmed.ncbi.nlm.nih.gov/25328458/

30

CARTILAGE 13(4)

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

periosteum during autologous chondrocyte implantation.
Osteoarthritis Cartilage. 2013;21(12):2048-57. doi:10.1016/j.
joca.2013.10.004.

Zak L, Kleiner A, Albrecht C, Tichy B, Aldrian S. Third-
generation autologous chondrocyte implantation at the
knee joint using the igor scaffold: a case series with 2-year
follow-up. Orthop J Sports Med. 2021;9(1):1329-36.
doi:10.1177/2325967120969237.

Nawaz SZ, Bentley G, Briggs TWR, Carrington RWJ, Skinner
JA, Gallagher KR, et al. Autologous chondrocyte implanta-
tion in the knee: mid-term to long-term results. J Bone Joint
Surg Am. 2014;96(10):824-30. doi:10.2106/JBJS.L.01695.
DiBartola AC, Wright BM, Magnussen RA, Flanigan DC.
Clinical outcomes after autologous chondrocyte implanta-
tion in adolescents’ knees: a systematic review. Arthroscopy.
2016;32(9):1905-16. doi:10.1016/j.arthro.2016.03.007.
Noorduyn JCA, van de Graaf VA, Mokkink LB, Willigenburg
NW, Poolman RW, ESCAPE Research Group. Responsiveness
and minimal important change of the IKDC of middle-aged
and older patients with a meniscal tear. Am J Sports Med.
2019;47(2):364-71. doi:10.1177/0363546518812880.

Ogura T, Ackermann J, Mestriner AB, Merkely G, Gomoll
AH. The minimal clinically important difference and sub-
stantial clinical benefit in the patient-reported outcome
measures of patients undergoing osteochondral allograft
transplantation in the knee. Cartilage. 2021;12(1):42-50.
doi:10.1177/1947603518812552.

Chahal J, Lansdown DA, Davey A, Davis AM, Cole BJ. The
clinically important difference and patient acceptable symp-
tomatic state for commonly used patient-reported outcomes
after knee cartilage repair. Am J Sports Med. 2021;49(1):193-
9. doi:10.1177/0363546520969883.

Schlumberger M, Schuster P, Biilow HJ, Mayer P, Eichinger
M, Immendorfe M, efal. Technique of all arthroscopic
autologous chondrocyte implantation (ACI) for the treat-
ment of cartilage defects in the knee. Oper Orthop Traumatol.
2020;32(6):532-44. doi:10.1007/s00064-020-00657-9.
Howard JS, Lattermann C, Hoch JM, Mattacola CG, Medina
McKeon JM. Comparing responsiveness of six common
patient-reported outcomes to changes following autologous
chondrocyte implantation: a systematic review and meta-
analysis of prospective studies. Cartilage. 2013;4(2):97-110.
doi:10.1177/1947603512470684.

Levinson C, Cavalli E, Sindi DM, Kessel B, Zenobi-Wong M,
Preiss S, et al. Chondrocytes from device-minced articular car-
tilage show potent outgrowth into fibrin and collagen hydro-
gels. Orthop J Sports Med. 2019;7(9):2325967119867618.
doi:10.1177/2325967119867618.

Redman SN, Dowthwaite GP, Thomson BM, Archer CW.
The cellular responses of articular cartilage to sharp and blunt
trauma. Osteoarthr Cartil. 2004;12(2):106-16. doi:10.1016/j.
joca.2002.12.001.

Huntley JS, Bush PG, McBirnie JM, Simpson AH, Hall
AC. Chondrocyte death associated with human femoral
osteochondral harvest as performed for mosaicplasty. J
Bone Joint Surg Am. 2005;87(2):351-60. doi:10.2106/
JBJS.D.02086.

Bonasia DE, Marmotti A, Mattia S, Cosentino A, Spolaore
S, Governale G, et al. The degree of chondral fragmenta-

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

tion affects extracellular matrix production in cartilage
autograft implantation: an in vitro study. Arthroscopy.
2015;31(12):2335-41. doi:10.1016/j.arthro.2015.06.025.
Salzmann GM, Baumann GA, Preiss S. Spontaneous
minced cartilage procedure for unexpectedly large femoral
condyle surface defect. Case Rep Orthop. 2016;2016:1-3.
doi:10.1155/2016/1498135.

Aurich M, Hofmann GO, Best N, Rolauffs B. Induced redif-
ferentiation of human chondrocytes from articular cartilage
lesion in alginate bead culture after monolayer dedifferen-
tiation: an alternative cell source for cell-based therapies.
Tissue Eng Part A. 2018;24(3-4):275-86. doi:10.1089/ten.
TEA.2016.0505.

Guo JB, Liang T, Che YJ, Yang HL, Luo ZP. Structure
and mechanical properties of high-weight-bearing and
low-weight-bearing areas of hip cartilage at the micro- and
nano-levels. BMC Musculoskelet Disord. 2020;21(1):425.
doi:10.1186/s12891-020-03468-y.

Jeuken RM, Vles GF, Jansen EJP, Loeffen D, Emans PJ. The
modified hedgehog technique to repair pure chondral shear-
off lesions in the pediatric knee. Cartilage. 2021;13(Suppl
1):271S-279S. doi:10.1177/1947603519855762.

Saris DBF, Dhert WJA, Verbout AJ. The discrepancy between
old and fresh defects in cartilage repair. ] Bone Joint Surg Br.
2003;85(7):1067-76. doi:10.1302/0301-620X.85B7.13745.
Giannini S, Buda R, Grigolo B, Vannini F, de Franceschi
L, Facchini A. The detached osteochondral fragment as a
source of cells for autologous chondrocyte implantation
(ACI) in the ankle joint. Osteoarthr Cartil. 2005;13(7):601-7.
doi:10.1016/j.joca.2005.02.010.

Melrose J. The knee joint loose body as a source of via-
ble autologous human chondrocytes. Eur J Histochem.
2016;60(2):7-12. doi:10.4081/ejh.2016.2645.

Salzmann GM, Ossendorff R, Gilat R, Cole BJ. Autologous
minced cartilage implantation for treatment of chondral and
osteochondral lesions in the knee joint: an overview. Cartilage.
2020;13:1124S-1136S. doi:10.1177/1947603520942952.
Shiu HT, Goss B, Lutton C, Crawford R, Xiao Y. Formation
of'blood clot on biomaterial implants influences bone healing.
Tissue Eng Part B Rev. 2014;20(6):697-712. doi:10.1089/ten.
TEB.2013.0709.

Noori A, Ashrafi SJ, Vaez-Ghaemi R, Hatamian-Zaremi A,
Webster TJ. A review of fibrin and fibrin composites for bone
tissue engineering. Int J Nanomedicine. 2017;12:4937-61.
doi:10.2147/1JN.S124671.

Schreiner MM, Raudner M, Réhrich S, Zalaudek M, Weber
M, Kaiser G, et al. Reliability of the MOCART (Magnetic
Resonance Observation of Cartilage Repair Tissue) 2.0 knee
score for different cartilage repair techniques—a retrospec-
tive observational study. Eur Radiol. 2021;31(8):5734-45.
doi:10.1007/s00330-021-07688-1.

Ramsey DK, Russell ME. Unloader braces for medial com-
partment knee osteoarthritis: implications on mediating
progression. Sports Health. 2009;1(5):416-26. doi:10.1177
/1941738109343157.

Fantini Pagani CH, Potthast W, Briiggemann GP. The effect of
valgus bracing on the knee adduction moment during gait and
running in male subjects with varus alignment. Clin Biomech.
2010;25(1):70-6. doi:10.1016/j.clinbiomech.2009.08.010.



Wodzig et al.

31

75.

76.

77.

78.

79.

80.

81.

82.

Design of a lower extremity exoskeleton to increase knee
ROM during valgus bracing for osteoarthritic gait—UNT
Digital Library. Available from: https:/digital.library.unt.
edu/ark:/67531/metadc984268/ (accessed June 8, 2021).
Emre TY, Ege T, Kose O, Tekdos Demircioglu D, Seyhan
B, Uzun M. Factors affecting the outcome of osteochondral
autografting (mosaicplasty) in articular cartilage defects of the knee
joint: retrospective analysis of 152 cases. Arch Orthop Trauma
Surg. 2013;133(4):531-6. doi:10.1007/500402-013-1680-2.
McCarthy HS, McCall IW, Williams JM, Mennan C,
Dugard MN, Richardson JB, efal. Magnetic resonance
imaging parameters at 1 year correlate with clinical out-
comes up to 17 years after autologous chondrocyte implan-
tation. Orthop J Sports Med. 2018;6(8):2325967118788280.
doi:10.1177/2325967118788280.

Marlovits S, Singer P, Zeller P, Mandl I, Haller J, Trattnig
S. Magnetic resonance observation of cartilage repair tissue
(MOCART) for the evaluation of autologous chondrocyte
transplantation: determination of interobserver variability and
correlation to clinical outcome after 2 years. Eur J Radiol.
2006;57(1):16-23. doi:10.1016/j.ejrad.2005.08.007.

de Windt TS, Welsch GH, Brittberg M, Vonk LA, Marlovits
S, Trattnig S, et al. Is magnetic resonance imaging reliable in
predicting clinical outcome after articular cartilage repair of
the knee? A systematic review and meta-analysis. Am J Sports
Med. 2013;41(7):1695-702. doi:10.1177/0363546512473258.
Blackman AJ, Smith M v., Flanigan DC, Matava MJ, Wright
RW, Brophy RH. Correlation between magnetic resonance
imaging and clinical outcomes after cartilage repair surgery in
the knee: a systematic review and meta-analysis. Am J Sports
Med. 2013;41(6):1426-34. doi:10.1177/0363546513485931.
Migliorini F, Maffulli N, Eschweiler J, Driessen A, Tingart
M, Baroncini A. Reliability of the MOCART score: a system-
atic review. J Orthop Traumatol. 2021;22(1):39. doi:10.1186/
$10195-021-00603-w.

OguraT,Bryant T, Minas T. Long-term outcomes of autologous
chondrocyte implantation in adolescent patients. Am J Sports
Med. 2017;45(5):1066-74. doi:10.1177/0363546516682492.

83.

84.

85.

86.

87.

88.

89.

90.

Hangody L, Dobos J, Balo E, Panics G, Rudolf Hangody L,
Berkes I. Clinical experiences with autologous osteochondral
mosaicplasty in an athletic population: a 17-year prospective
multicenter study. Am J Sports Med. 2010;38(6):1125-33.
doi:10.1177/0363546509360405.

Ollat D, Lebel B, Thaunat M, Jones D, Mainard L, Dubrana
F, etal. Mosaic osteochondral transplantations in the
knee joint, midterm results of the SFA multicenter study.
Orthop Traumatol Surg Res. 2011;97(Suppl 8):S160-S166.
doi:10.1016/j.0tsr.2011.08.005.

Ossendorff R, Franke K, Erdle B, Uhl M, Siidkamp NP,
Salzmann GM. Clinical and radiographical ten years long-term
outcome of microfracture vs. Int Orthop. 2019;43(3):553-9.
doi:10.1007/500264-018-4025-5.

Gobbi A, Nunag P, Malinowski K. Treatment of full thick-
ness chondral lesions of the knee with microfracture in a
group of athletes. Knee Surg Sports Traumatol Arthrosc.
2005;13(3):213-21. doi:10.1007/s00167-004-0499-3.

Trinh TQ, Harris JD, Siston RA, Flanigan DC. Improved
outcomes with combined autologous chondrocyte implanta-
tion and patellofemoral osteotomy versus isolated autologous
chondrocyte implantation. Arthroscopy. 2013;29(3):566-74.
doi:10.1016/j.arthro.2012.10.008.

Thambiah M, Tan M, Hui J. Role of high tibial osteotomy
in cartilage regeneration—Is correction of malalignment
mandatory for success. Indian J Orthop. 2017;51(5):588-99.
doi:10.4103/ortho.1JOrtho 260 17.

Kijowski R, Blankenbaker DG, Davis KW, Shinki K,
Kaplan LD, de Smet AA. Comparison of 1.5- and 3.0-T
MR imaging for evaluating the articular cartilage of the
knee joint. Radiology. 2009;250(3):839-48. doi:10.1148/
radiol.2503080822.

Jeuken RM, van Hugten PPW, Roth AK, Timur UT, Boymans
TAEJ, van Rhijn LW, ef al. A systematic review of focal carti-
lage defect treatments in middle-aged versus younger patients.
Orthop J Sports Med. 2021;9(10):23259671211031244.
doi:10.1177/23259671211031244.


https://digital.library.unt.edu/ark:/67531/metadc984268/
https://digital.library.unt.edu/ark:/67531/metadc984268/

