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Introduction

The treatment of focal femoral cartilage lesions remains clin-
ically challenging. Surgical treatment aims to alleviate symp-
toms, enhance cartilage regeneration, and repair tissue 
integrity and preclude or delay the onset of premature osteo-
arthritis resulting from cartilage lesions.1 Established carti-
lage repair techniques include bone marrow stimulating 
techniques such as microfracture (MFX)2,3 as well as cell-
based therapies such as autologous chondrocyte implantation 
(ACI)4 and matrix-associated chondrocyte implantation 
(MACI),5 which differ in associated morbidity, costs, and 
outcome.6,7 Driven by the aim to reduce short- and long-term 
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Abstract
Objective. to prospectively assess the efficacy of gelrinC in the treatment of chondral and osteochondral femoral cartilage 
lesions using morphological (Magnetic resonance Observation of Cartilage repair tissue [MOCart]) and quantitative 
(t2-mapping) magnetic resonance imaging (Mri). Design. this study was designed as a prospective single-arm, open 
label, multicenter study. Morphological magnetic resonance imaging (Mri) for MOCart assessment and t2 mapping 
was performed 1 week and 6, 12, 18, and 24 months after gelrinC implantation. evaluation of t2 mapping was based 
on the assessment of global t2 indices (t2 of the repair tissue [rt] divided by t2 of healthy reference cartilage) and 
zonal variation. Results. Fifty-six (20 female) patients were prospectively enrolled. the mean MOCart score significantly 
increased from baseline to the 24-month follow-up with 88.8 (95% Ci, 85.8-91.9; P < 0.001) for all lesions combined as 
well as 86.8 (95% Ci, 83.0-90.6) for chondral lesions and 94.1 (95% Ci, 68.55-100) for osteochondral lesions. Furthermore, 
based on t2 mapping, significant zonal variation of the rt was observed at 24 months (P = 0.039), which did not differ 
significantly from healthy reference cartilage (P = 0.6). Conclusion. increasing MOCart scores were observed throughout 
the follow-up period, indicative of maturation of the cartilage repair. Significant zonal variation of the rt at 24 months 
might indicate the transformation into hyaline cartilage–like rt. Slightly differing morphological outcome between chondral 
and osteochondral lesions, but similar global and zonal t2 indices at 24 months, support the potential of gelrinC as a 
treatment option for both lesion types.
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treatment failure rates, research efforts are continuing to 
develop novel treatment alternatives. However, so far, no 
technique has been shown to reproducibly and consistently 
lead to the regeneration of hyaline cartilage.8

Newly available acellular scaffolds9 have the advantage 
of requiring only a single surgical procedure and are made 
from biodegradable synthetic, natural, or hybrid polymers. 
These acellular scaffolds provide a matrix onto which mes-
enchymal stem cells (MSCs), originating from subchondral 
bone and surrounding cartilage, are thought to attach, dif-
ferentiate, and develop into new functional tissue.

GelrinC (GelrinC, Regentis Biomaterials, Or Akiva, Israel) 
is a new biodegradable, acellular hydrogel implant designed 
for the treatment of focal cartilage lesions and to foster the 
consecutive formation of, ideally, hyaline cartilage. It consists 
of polyethylene glycol diacrylate (PEG-DA) and denatured 
human fibrinogen. GelrinC is applied in its liquid form to the 
defect immediately after MFX. Following a 90-second expo-
sure to ultraviolet-A light, a cross-linked network is created 
and a soft, elastomeric implant is formed that closely follows 
the borders of the defect and thus has the ability to completely 
fill any defect geometry. Unlike the fibrin clot that is formed 
after conventional MFX, GelrinC creates a cell-impermeable 
barrier within the defect with a nonadhesive surface due to 
PEG. The surface properties of this PEG modified hydrogel 
have been recently shown to support cell-cell aggregation and 
in-turn chondrogenic differentiation of bone marrow mesen-
chymal stem cells. At the same time it minimizes hypertrophy, 
when compared with fibrin matrices.10 In addition, it has been 
shown that adding fibrinogen to the PEG hydrogel enables the 
hydrogel to degrade via gradual surface erosion mechanisms 
rather than bulk degradation as observed for pure PEG con-
trols.11 In that context, tunable erosion mechanism of poly-
meric implants where tissue regeneration occurs in a manner 
inversely proportional to material erosion was suggested to be 
ideal for tissue regeneration.12

Objective and reproducible tools are a prerequisite for 
the longitudinal monitoring and assessment of cartilage 
repair in study settings. The clinical outcome can be 
assessed using patient-reported outcome measures such as 
the International Knee Documentation Committee (IKDC) 
Score13 or the overall Knee Injury and Osteoarthritis 
Outcome Score (KOOS).14 These scores provide valuable 
insight into the patients’ function, pain, and symptoms, 
however, lack information specific to the local condition of 
the cartilage repair tissue.

Histology is still considered the aspired gold standard to 
assess repair tissue quality. However, due to its invasive-
ness, histology is rarely available in clinical studies. 
Magnetic resonance imaging (MRI) increasingly caters to 
this need and has been widely used for the noninvasive 
evaluation of cartilage repair in vivo after various tech-
niques.15,16 Via assessment of the Magnetic Resonance 
Observation of Cartilage Repair Tissue (MOCART) 

score,17-19 morphological MR sequences allow for a semi-
quantitative assessment of the morphological appearance of 
the repair tissue and surrounding structures. For the ultra-
structural and compositional assessment, a number of MR 
techniques are available. Sodium imaging20,21 and delayed 
gadolinium-enhanced MRI of cartilage (dGEMRIC)22,23 
have been shown to allow for the assessment of cartilage 
glycosaminoglycan (GAG) content. T2 mapping, on the 
other hand, has been shown to be sensitive to water content 
and the condition of the collagen network.24 Whereas the 
GAG specific techniques are still restricted to specialized 
research centers, T2 mapping is widely available and ready 
to be used in a multicenter setting.

The purpose of this study was to prospectively assess the 
efficacy of GelrinC in the treatment of femoral cartilage 
lesions using morphological (MOCART) and quantitative 
(T2 mapping) MRI. Furthermore, potential differences 
between patients with chondral and osteochondral lesions, 
as well as longitudinal changes regarding the MOCART 
score and T2-mapping should be evaluated.

Methods

Study Design

This study was a pilot interventional, single-arm, open 
label, multicenter study conducted in Europe and Israel. It 
was carried out in accordance with the ethical standards of 
the institutional review boards of all participating medical 
centers as well as with the Declaration of Helsinki, includ-
ing current revisions. Positive ethics votes were obtained 
from all responsible institutional review boards. Written 
informed consent was obtained from all patients. An interim 
analysis was already published by Trattnig et al.25

Patients

Eligible patients had to be 18 to 65 years of age and had to 
have 1 or 2 symptomatic femoral cartilage lesions rated as 
International Cartilage Repair Society (ICRS) III or IVa with 
less than 6-mm deep affection of the subchondral bone, indi-
vidually 1 to 6 cm2 in size after arthroscopic debridement. In 
addition, willingness to follow a standardized rehabilitation 
protocol was demanded. The following were defined as 
exclusion criteria: age <18 or >65 years, a body mass index 
(BMI) >32 kg/m2, diffuse degenerative joint disease, osteo-
arthritis or avascular necrosis, untreatable posterior lesions, 
a lesion size <1 cm2 or >6 cm2, cartilage lesions rated as 
ICRS grade larger than grade II on a surface that directly 
opposed the defect, patellar or trochlear cartilage lesions, 
prior total or subtotal meniscectomy, meniscus repair, MFX 
or prior tendon repair in the past 12 months, ligament repair 
or realignment surgery in the past 6 months, and contraindi-
cations to perform an MRI examination.
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Surgical technique

GelrinC implantation was performed as a 1-step procedure. 
After arthroscopic debridement of the cartilage defect and 
complete removal of the calcified layer, MFX was performed. 
Then the GelrinC procedure was performed through a mini-
arthrotomy. The liquid GelrinC was applied into the debrided 
defect area using a standard syringe, with a proprietary acces-
sory kit to aid in sealing the lesion during application and cur-
ing of GelrinC. Once the lesion was completely filled, the 
hydrogel was exposed to ultraviolet-A light (100 mW/cm2) 
for 90 seconds creating a soft, elastomeric implant, occupying 
the entire volume of the defect. After removing the GelrinC 
accessory kit and ensuring the integrity and retention of the 
implant, the incision was closed using standard techniques.

Following the surgical procedure, all patients followed a 
standardized rehabilitation protocol.

Magnetic Resonance Imaging

Sixteen imaging sites located in Israel and Europe carried 
out all MR examinations on 1.5 and 3 T MRI scanners from 
three vendors (Siemens Healthineers, GE Healthcare and 
Philips). All scanners used a standardized imaging protocol 
that was set up specifically for this study. Furthermore, dedi-
cated knee coils (mostly 8-channel phased array coils) were 
used at all imaging sites. Patients were examined repeatedly 
using MRI at set follow-up intervals at baseline (1 week 
after surgery) and 6, 12, 18, and 24 months after surgery.

The morphological imaging protocol was designed to allow 
for the assessment of the semiquantitative MOCART scoring 
and consisted of a sagittal proton density (PD) fast spin echo 
(FSE) sequence, a sagittal dual PD and T2 FSE sequence, a 
coronal PD FSE sequence with fat suppression (fs), a sagittal T1 

SE sequence and a three-dimensional gradient echo sequence 
(GRE; not available at all sites) at both 1.5 and 3 T systems.

T2-mapping was restricted to examinations on 3 T scanners 
and was acquired using a sagittal multi-echo spin-echo 
(MESE) sequence with an echo train length (ETL) consisting 
of 8 echoes, ranging from 12.5 to 87.5 ms and a repetition 
time (TR) of 2640 ms without fat suppression. In a total acqui-
sition time (TA) of 5 minutes and 10 seconds, 15 slices with a 
slice thickness of 3 mm and a field of view (FOV) of 160 × 
160 mm at a matrix size of 256 × 225 pixels were acquired. 
T2 maps were calculated using a pixel-wise, mono-exponen-
tial, nonnegative least-squares (NNLS) fit analysis (IDL 6.3, 
Interactive Data Language, RSI, Inc., Boulder, CO, USA). T2 
mapping was restricted to the following time points: baseline, 
12, 18, and 24 months after surgery.

The imaging parameters of the basic MRI protocol are dis-
played in Table 1; however, these had to be optimized and 
therefore slightly adapted for each scanner-coil combination.

MRI evaluation

For morphological evaluation, the semiquantitative 
MOCART scoring was used.17,18 Based on the assessment of 
9 different variables, a total score ranging from 0 to 100 
points may be obtained with 0 being the worst and 100 points 
being the best possible outcome. The MOCART score was 
assessed at baseline (1 week), 6, 12, 18, and 24 months after 
surgery by 2 senior musculoskeletal radiologists, with 24 and 
6 years of dedicated experience in musculoskeletal MRI. In 
some patients, the variable “signal intensity” was only assess-
able in 1 of the 2 demanded sequences due to a lack of GRE 
images. In these patients, the maximum score was 85 points. 
For statistical evaluation purposes, this was corrected by 
multiplying the score of these patients with a correction 

Table 1. imaging Parameters at 1.5 and 3 tesla.

Orientation Sequence
tr 

(ms) te (ms)
Fat 

Saturation
No. of 
Slices

Slice thickness 
(mm)

FOV 
(mm) Matrix

Phase 
resolution (%)

Scan time 
(min:s)

1.5 tesla

 sag PDw FSe 2000 27 No 19 2 120 320 90 4:24
 cor PDw FSe fs 3430 31 Yes 25 3 160 384 100 4:36
 sag dual PD + t2w FSe 3480 13 + 94 No 19 2 160 384 90 4:16
 sag t1w Se 600 13 No 19 2 160 384 100 4:09

3 tesla

 sag PDw FSe 2000 37 No 19 2 120 384 85 3:20
 cor PDw FSe fs 2970 27 Yes 25 3 160 448 80 3:29
 sag dual PD + t2w FSe 3050 11 + 80 No 19 2 160 448 80 3:17
 sag t1w Se 680 12 No 19 2 160 384 100 2:50
 sag t2 map 2640 12.5-87.5 No 15 3 160 256 88 5:10

PDw FSe = proton-density-weighted fast spin echo sequence; fs = fat saturated; t2w = t2-weighted; t1w Se = t1-weighted spin-echo sequence; tr 
= repetition time; te = echo time, FoV = field of view; sag = sagittal; cor = coronal.
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factor (1.176) thus reaching a total of 99.96 (~100) points.25 
Good interobserver variability has been previously reported 
for the MOCART score.19 In this present study, rating dis-
agreements between readers were discussed and a consensus 
reading was reached. Both readers were blinded to lesion 
location and clinical history.

T2 mapping at baseline, 12, 18, and 24 months after sur-
gery, was evaluated via manual region-of-interest (ROI) 
analysis by a single reader with 24 years of experience in 
musculoskeletal MRI. In addition to the repair tissue, an area 
of morphologically intact healthy cartilage was selected as 
reference for each patient on the same femoral condyle as 
the lesion and evaluated identically as the respective repair 
tissue. ROIs were placed on 1 to 4 consecutive slices, 
depending on the size of the repair tissue. In cases that 
allowed for placement of ROIs on multiple slices, the T2 val-
ues were averaged. For each lesion and healthy reference 
cartilage, three types of ROIs were placed: a full-thickness 
ROI covering the entire defect, a superficial and a deep layer 
ROI, subdividing the full-thickness ROI in two equally thick 
ROIs. Exemplary ROI placement for a chondral and an 
osteochondral lesion can be appreciated in Figures 1 and 2. 
To diminish the variability arising from different combina-
tions of MR systems and coils that were used for image 
acquisition due to the multicenter setting of this study, global 
and zonal T2 indices were calculated and used for statistical 
assessment rather than the absolute relaxation times, which 
are given in Table 2. The global T2 index was calculated by 
dividing the mean T2 of the repair tissue by the mean T2 of 
healthy reference cartilage. This was performed separately 
for the full-thickness, the deep, and the superficial ROI.

GlobalT index
Global T of repair tissue

Global T of healthy carti2
2

2

=
llage

To assess zonal variation, the mean T2 of the deep ROI of the 
repair tissue was divided by the mean T2 of the superficial 
ROI. This was done for healthy reference cartilage accord-
ingly. To facilitate easy assessment, whether zonal variation 
is similar between repair tissue and healthy reference carti-
lage, the zonal T2 index was calculated according to

ZonalT index

T of deep repair tissue

T of superficial repair tis
2

2

2=

/

ssue

T of deep healthy cartilage

T of superficial healthy cartila
2

2

/

gge

This dimensionless coefficient equals 1, if zonal variation in 
repair tissue and healthy reference cartilage are identical.

Statistical analysis

All statistical evaluations were performed using IBM SPSS 
Statistics for Windows version 22.0.0.2 (IBM, Armonk, 

NY, USA). Metric data are described using mean ± stan-
dard deviation and 95% confidence intervals. Normal dis-
tribution was checked using Kolmogorov-Smirnov test. 
MOCART scoring and T2 indices between osteochondral 
and chondral lesions were compared using unpaired Student 
t tests. Changes over time between 6- and 24-month follow-
up were evaluated using paired Student t tests.

A P value equal to or less than 0.05 was considered to 
indicate significant results.

Results

Patient Cohort

Of 88 screened patients, 56 patients (20 female) with a mean 
age of 38 ± 10 years and an average lesion size of 2.42 ± 
1.08 cm2 were prospectively enrolled in the study from 2009 
to 2014. In 4 of these 56 patients the GelrinC procedure was 
not completed. The remaining 52 patients were recruited by 
15 institutions (4 institutions recruited 1 patient each, 4 insti-
tutions recruited 2 patients each, 2 institutions recruited 3 
patients each, 3 institutions recruited 4 patients each, 2 insti-
tutions recruited 6 patients each, and 1 institution recruited 
10 patients). Two patients were considered major protocol 
violations, 4 patients withdrew consent to continue with the 
follow-up examinations, and 4 patients were referred to an 
alternative procedure before the 24-month follow-up visit. 
Three patients could not be included into the MOCART and 
T2 mapping evaluation at one or more follow-up visits due to 
insufficient defect filling. Hence, MRI evaluations at 24 
months were available for 39 patients. Twenty-eight of these 
patients had been treated for a chondral lesion (Figure 3) and 
11 patients for an osteochondral cartilage lesion (Figure 4).

Morphological Outcome of Chondral and 
Osteochondral lesions (MOCaRt Score)

The mean overall MOCART score for all patients was 60.6 
(95% CI, 58.7-62.6), 71.5 (95% CI, 67.6-75.4), 79.0 (95% 
CI, 73.9-84.1), 83.7 (95% CI, 79.2-88.1), and 88.8 (95% CI, 
85.8-91.9) at baseline, 6, 12, 18, and 24 months respectively 
(Figure 5). The mean overall MOCART increased signifi-
cantly from baseline to the 6-month follow-up (P < 0.0001) 
as well as from the 6-month follow-up to the 24-month fol-
low-up (P < 0.0001) as shown in Table 3. At the 24-month 
follow-up, the average MOCART score of osteochondral 
lesions 94.1 (95% CI, 68.55-100) was significantly higher 
(P = 0.026) than that of chondral lesions with 86.8 (95% CI, 
83.0-90.6). The variable “signal intensity dual T2 FSE,” 
which differs from adjacent healthy cartilage when the repair 
tissue is being fibrous or edematous, increased from a mean 
of 7.44 points (95% CI, 5.92-8.97) at 6 months postopera-
tively to 13.72 points (95% CI, 12.73-14.83) of a maximum 
of 15 points the at 24-month follow-up (P < 0.0001).
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Quantitative MRI (t2 Mapping)

Due to the restriction to 3 T scanners, T2 mapping was 
available only for 25 patients at the 24-month follow-up. 
The mean global T2 index for the full-thickness ROI was 
2.36 (95% CI, 1.8-3.0), 1.15 (95% CI, 1.1-1.3), 1.04 (95% 
CI, 0.9-1.2), and 1.05 (95% CI, 0.95-1.15) at baseline, 12, 
18, and 24 months, respectively (Table 4). More specifi-
cally, it ranged between 0.8 and 1.2 in 7.1% (1 of 14 
patients), 71.4% (15 of 21 patients), 72.7% (16 of 22 
patients), and 62.5% (15 of 24 patients) at baseline, 12, 
18, and 24 months, respectively (Figure 6). At 24 months, 
chondral and osteochondral lesions showed similar mean 
global T2 indices for the full-thickness ROI, with 1.056 
(95% CI, 0.9-1.2) and 1.028 (95% CI, 0.8-1.2) (P = 0.80), 
respectively.

The zonal variation of the repair tissue was within 
<20% difference to the zonal variation of healthy refer-
ence cartilage in 57.1% (12 of 21 patients), 72.7% (16 of 
22 patients), and 68% (17 of 25 patients) at 12, 18, and 
24 months, respectively. Furthermore, there was a sig-
nificant zonal variation of the repair tissue at 24 months 
(P = 0.039). Whereas the zonal variation between repair 
tissue 1.11 (95% CI 0.9-1.3) and healthy reference carti-
lage 0.84 (95% CI 0.8-0.9) significantly differed at base-
line (P = 0.02), there was no significant difference (P = 
0.61) at the 24-month follow-up with 0.95 (95% CI, 0.9-
1.0) and 0.93 (95% CI, 0.9-1.0). In addition, zonal T2 
indices of the RT did not differ significantly (P = 0.2) 
between chondral and osteochondral lesions at the 
24-month follow-up with 1.02 (95% CI, 0.9-1.1) and 
1.11 (95% CI, 0.9-1.3), respectively.

Discussion

In this study, the efficacy of GelrinC in the treatment of both 
chondral and osteochondral lesions was evaluated using mor-
phological and quantitative MRI as endpoints. The main find-
ings of the study were a continuous increase of the MOCART 
score throughout the follow-up period and the gradual devel-
opment of a significant zonal variation of T2 relaxation times 
in the repair tissue, which did not significantly differ from 
healthy reference cartilage at the 24-month follow-up.

Good short-term outcome has been reported after MFX.26 
However, with a subsequent decline of functional scores 
after two years in 47% to 80% of patients and increasing 
failure rates after 2 to 5 years,26 long-term treatment failures 
remain an issue. The assumed reason for this is that repair 
tissue after MFX is most commonly formed of fibrocartilage 
instead of the desired hyaline cartilage.27 As fibrocartilage 
exhibits inferior biomechanical properties, when compared 
to hyaline cartilage, it is less resistant to shear stress and thus 
more prone to long-term failure. The significant zonal varia-
tion of T2 relaxation times of the repair tissue that was 
observed in this study at the 24-month follow-up, however, 
might be indicative of the formation of hyaline cartilage like 
repair tissue, since this gradient of T2 relaxation times is 
thought to be absent in fibrocartilage.28,29

A higher rate of hyaline-like cartilage than after MFX 
has also been previously reported for ACI.27 One key disad-
vantage of ACI, however, is the necessity of a second pro-
cedure. Additional advantages of GelrinC include that it is 
easily applicable to all lesion geometries and fosters com-
plete and mechanically stable filling of the defect immedi-
ately after the procedure.

Table 4. global and Zonal t2 indices as well as 95% Confidence intervals for Osteochondral lesions, Chondral lesions, and all 
lesions at Baseline, 12, 18, and 24 Months after Surgery.

Visit n

global t2 indices Zonal t2 indices

 

Deep global t2 
index = t2 Deep 

rt / t2 Deep 
reference

Superficial global 
t2 index = t2 
Superficial rt 
/ t2 Superficial 

reference

Full-thickness 
global t2 index = 
t2 global rt / t2  
global reference

Zonal t2 rt = 
t2 Deep rt /  
t2 Superficial 

rt

Zonal t2 
reference = t2 
Deep reference 
/ t2 Superficial 

reference

Zonal t2 index 
= Zonal t2 

rt / Zonal t2 
reference

Osteochondral 
lesions

Baseline 2 3.97 (-1.1, 9.0) 3.28 (-12, 18.5) 3.68 (-11.4, 18.7) 1.16 (-3.2, 5.5) 0.82 (0.5, 1.1) 1.43 (-4.3, 7.2)
12-Month FU 6 1.27 (0.8, 1.8) 1.13 (1.0, 1.3) 1.12 (0.9, 1.3) 0.95 (0.9, 1.0) 0.95 (0.6, 1.3) 1.13 (0.59, 1.7)
18-Month FU 6 1.04 (0.9, 1.2) 0.88 (0.7, 1.0) 0.96 (0.8, 1.1) 1.14 (0.9, 1.4) 0.98 (0.68, 1.3) 1.21 (0.93, 1.5)
24-Month FU 7 1.11 (0.9, 1.3) 1.01 (0.8, 1.2) 1.03 (0.8, 1.2) 1.0 (0.9, 1.1) 0.92 (0.8, 1.1) 1.11 (0.9, 1.3)

Chondral 
lesions

Baseline 12 2.47 (1.9, 3.1) 1.89 (1.5, 2.3) 2.14 (1.6, 2.6) 1.10 (0.9, 1.3) 0.84 (0.7, 0.9) 1.37 (1.0, 1.7)
12-Month FU 15 1.18 (1.0, 1.4) 1.23 (1.1, 1.4) 1.16 (1.0, 1.3) 0.88 (0.8, 1.0) 0.92 (0.9, 1.0) 0.97 (0.8, 1.1)
18-Month FU 16 1.11 (0.9, 1.3) 1.13 (1.0, 1.3) 1.08 (0.9, 1.2) 0.92 (0.8, 1.0) 0.95 (0.9, 1.0) 0.99 (0.9, 1.1)
24-Month FU 18 1.12 (1.0, 1.3) 1.07 (0.9, 1.2) 1.06 (0.9, 1.2) 0.93 (0.9, 1.0) 0.94 (0.9, 1.0) 1.02 (0.9, 1.1)

all lesions Baseline 14 2.68 (2.1, 3.3) 2.09 (1.6, 2.6) 2.36 (1.8, 3.0) 1.11 (0.9, 1.3) 0.84 (0.8, 0.9) 1.38 (1.1, 1.7)
12-Month FU 21 1.21 (1.0, 1.4) 1.20 (1.1, 1.3) 1.15 (1.1, 1.3) 0.90 (0.8, 1.0) 0.93 (0.8, 1.0) 1.02 (0.9, 1.2)
18-Month FU 22 1.09 (1.0, 1.2) 1.06 (0.9, 1.2) 1.04 (0.9, 1.2) 0.98 (0.9, 1.1) 0.96 (0.9, 1.0) 1.05 (1.0, 1.1)
24-Month FU 25 1.12 (1.0, 1.2) 1.05 (1.0, 1.2) 1.05 (0.95, 1.15) 0.95 (0.90, 1.0) 0.93 (0.9, 1.0) 1.04 (1.0, 1.1)

rt = repair tissue; FU = follow-up.
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A strength of this study is the repeated MRI follow-up in 
short intervals, which allows for valuable insight in morpho-
logical changes of the RT over time. A significant increase in 
the MOCART score was observed from baseline to the 
6-month follow-up as well as from the 6-month to the 
24-month follow-up. While significant remodeling and repair 
tissue maturation occurs within the first 6 months after sur-
gery, it has to be acknowledged that at the baseline MRI 
examination, the MOCART score might have been addition-
ally negatively affected by the immediately preceding sur-
gery, in particular by present effusion and morphological 
changes to the subchondral bone after MFX. This has to be 
considered when interpreting the early one-week 

postoperative baseline examination. However, the additional 
increase from the 6-month to the 24-month follow-up can be 
interpreted as further tissue maturation. This maturation pro-
cess is also reflected by the changes in the variable “signal 
intensity dual T2 FSE” of the MOCART score, which signifi-
cantly increased from 7.44 to 13.72 points (P < 0.0001) 
between the 6-month and the 24-month follow-up.

Another finding of this study was the significant differ-
ence of the MOCART score between chondral and osteo-
chondral lesions at the 24-month follow-up. However, it is 
worth noting that the absolute difference was only minor 
and might not implicate clinical relevance. Furthermore, T2 
mapping showed similar outcome for both lesion types 

Figure 1. Sagittal proton density weighted (PDw) fast spin echo (FSe) sequence (A) and pseudo-color t2 map overlaid on a grayscale 
t2 map (B) of the same patient as in Figure 3 demonstrating region of interest (rOi) placement for zonal evaluation of repair tissue 
of a smaller chondral lesion (yellow arrows) and healthy reference cartilage.

Figure 2. Sagittal proton density weighted (PDw) fast spin echo (FSe) sequence (A) and pseudo-color t2 map overlaid on a grayscale 
t2 map (B) of the same patient as in Figure 4 demonstrating region of interest (rOi) placement for zonal evaluation of repair tissue 
of a larger osteochondral lesion (yellow arrows) and healthy reference cartilage.
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suggesting that GelrinC provides a treatment option for 
both chondral and osteochondral lesions.

Limitations of this study include the lack of a control 
group, treated with MFX only. Unfortunately, there are 
only very few controlled trials on surgical cartilage repair 
due to the high costs and difficulty to enroll a sufficient 
number of patients.30 Moreover, this was the first study 
investigating GelrinC in humans in vivo and the presented 
results warrant a double-arm control trial with an MFX 
control group to investigate possible superiority over 
treatment based on MFX only. Furthermore, due to ethical 
considerations, no biopsies for histological analysis were 

obtained at follow-up. However, a comprehensive MRI 
protocol was performed, including quantitative imaging 
via T2 mapping to noninvasively assess the potential ultra-
structural differences between native cartilage and repair 
tissue. This is particularly valuable as it has been previ-
ously shown that fibrous repair tissue exhibits lower T2 
relaxation times than hyaline cartilage.31 Furthermore, 
fibrocartilage after MFX lacks the typical zonal appear-
ance of hyaline cartilage, which exhibits parallel collagen 
fibers in deep cartilage and more randomly organized col-
lagen fibers in superficial cartilage. This ultrastructural 
difference is reflected in T2 mapping, in which the 

Figure 3. Sagittal magnetic resonance (Mr) images obtained with a proton density weighted (PDw) fast spin echo (FSe) sequence of 
a 51-year-old female patient at study entry with a chondral defect of 1 cm2 on the medial femoral condyle who underwent cartilage 
repair surgery with gelrinC. Mr imaging was performed at baseline (A), 6 (B), 12 (C), and 24 (D) months after surgery.
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Figure 5. Box plot showing the mean Magnetic resonance Observation of Cartilage repair tissue (MOCart) score for chondral, 
osteochondral and all lesion types baseline, 6-, 12-, 18-, and 24-month follow-up.

Figure 4. Sagittal magnetic resonance (Mr) images obtained with a proton density weighted (PDw) fast spin echo (FSe) sequence 
of an 18-year-old male patient at study entry with an osteochondral lesion of 2.8 cm2 on the medial femoral condyle who underwent 
cartilage repair surgery using gelrinC. Mr imaging was performed at baseline (A), 6 (B), 12 (C), and 24 (D) months after surgery.
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organized parallel collagen fibers of deep hyaline cartilage 
restrict the movement of protons and lead to shorter relax-
ation times than in superficial hyaline cartilage. This zonal 
variation in T2 mapping is absent in fibrocartilage.28,31,32 
While clinical symptoms, which are reflected in a decrease 
of clinical scores, occur mostly later in treatment failure, 
quantitative MRI can depict early differences in T2 values 
between repair tissue and reference cartilage.29,32,33 This 
renders T2 mapping a noninvasive alternative for repair 
tissue assessment to invasive biopsy. A randomized con-
trolled trial investigating the outcome of MFX versus 
BST-CarGel employed T2 mapping as well. Even though 
absolute T2 relaxation times in repair tissue were signifi-
cantly higher than in healthy reference cartilage, the 
authors found a significant difference between the 2 tech-
niques, in favor of BST-CarGel at 12 months.34 In a multi-
center study setting, however, absolute T2 relaxation times 
bear the risk of systematic bias due to potential systematic 
variability between scanners. In this study, this was dimin-
ished with the calculation of global and zonal indices. 
Unfortunately, it was not possible to obtain radiological 
follow-up from all patients at all desired time points. 
However, of 56 patients enrolled at baseline, 39 patients 
could be radiologically evaluated at the 24-month follow-
up. Moreover, T2 mapping was not performed in all 
patients as it was restricted to 3 T systems due to the insuf-
ficient signal-to-noise ratio at 1.5 T.

In conclusion, this study showed promising results after 
the treatment of chondral and osteochondral femoral carti-
lage lesions with GelrinC. Additional studies with an MFX 
control group are warranted to investigate possible superi-
ority over the treatment based on MFX only. Furthermore, 
a future long-term follow-up study is needed to assess, 

whether the observed development of zonal variation of T2 
relaxation times in the repair tissue, translates into 
improved long-term outcome.
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