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Abstract: Different surgical procedures have been proposed over the past few years to treat cartilage
lesions. The aim of this study was to compare mosaicplasty and matrix-assisted autologous
chondrocyte transplantation (MACT) at long-term follow-up. Forty-three patients were included:
20 mosaicplasty and 23 MACT. Patients were evaluated before and 12 years after surgery with the
International Knee Documentation Committee (IKDC) subjective and objective scores for symptoms
and function, and with the Tegner score for activity level. Magnetic Resonance Imaging (MRI)
was used to evaluate repair tissue with the MOCART 2.0 score. Mosaicplasty and MACT showed
good clinical and MRI results (IKDC subjective score 75.3 ± 21.8 and 81.8 ± 13.0, both p < 0.0005).
Mosaicplasty presented a 10% reoperation rate and a 25% overall failure rate, while no failures were
documented in MACT (p = 0.016). While size did not influence the results in the MACT group,
mosaicplasty presented lower IKDC objective and Tegner scores in lesions bigger than 2 cm2 (p = 0.031
and p = 0.014, respectively). Mosaicplasty and MACT presented both satisfactory clinical and MRI
results at long-term follow-up. However, for larger lesions, MACT presented better subjective and
objective outcomes, as well as less failures, which should be considered when choosing the most
suitable treatment for patients affected by knee cartilage lesions.

Keywords: mosaicplasty; MACT; ACI; scaffold; osteochondral autologous transplantation; OAT;
cartilage; knee

1. Introduction

Articular cartilage lesions of the knee are a common issue, often affecting a young population and
causing pain and functional impairment, with consequent high social impact [1,2]. Due to the limited
cartilage healing potential and the difficulty to restore complex biomechanical features, chondral
defects remain a challenging problem [3]. Thus, to avoid their deleterious consequences, such as the
risk of further cartilage loss and osteoarthritis (OA) development, numerous surgical procedures have
been proposed over the years to restore the articular surface with hyaline-like, durable repair tissue,
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from reconstructive techniques to the more ambitious regenerative strategies [4–7]. For these surgical
approaches, the first procedures described were osteochondral autologous transplantation (OAT)
and autologous chondrocyte implantation (ACI), respectively [8,9]. These techniques demonstrated
promising results up to long-term follow-up, but they also showed several drawbacks, such as
significant donor site morbidity for OAT [10], and the risk of graft hypertrophy for ACI [11]. Moreover,
both procedures were doomed by the complexity and morbidity of the surgical procedure, requiring
an arthrotomy, and thus producing a higher risk of joint stiffness and arthrofibrosis [12,13].

Therefore, these approaches have been further developed to overcome the aforementioned
limitations. On the one hand, the introduction of the mosaicplasty technique involved the use of
multiple autologous osteochondral plugs of smaller diameter compared to OAT, thus causing lower
morbidity, transferred from lower weight-bearing areas to the cartilage defect [14]. On the other hand,
matrix-assisted autologous chondrocyte transplantation (MACT) was introduced to overcome ACI
drawbacks thanks to the use of different types of scaffolds for chondrocyte culture and the direct
transplantation of a bioengineered tissue, a more manageable and stronger implant for an easier and
more stable positioning of the cell-scaffold construct [15]. Moreover, both options can be performed
through an arthroscopic approach, allowing to reduce patient’s morbidity, surgical time, recovery,
and complications related to open surgery [14,16]. Both techniques showed promising short-term
results, later confirmed by studies at long-term follow-up [17,18]. Mosaicplasty was suggested to
provide better clinical results compared to MACT at short-term [19], but data on long-term comparison
between these two techniques are still lacking.

The aim of this study was to compare the clinical outcomes and the quality of repair tissue
provided by mosaicplasty and MACT for the treatment of knee cartilage defects at long-term follow-up.

2. Materials and Methods

2.1. Patient Selection

All patients undergoing a cartilage repair procedure were prospectively followed, and clinical
outcomes were collected in an institutional database, approved by the Hospital Ethics Committee
and Internal Review Board of the Rizzoli Orthopedic Institute, Bologna, Italy (prot. gen. n. 39667).
Informed consent of all patients was obtained. Surgical indications for these procedures were as follows:
focal cartilage knee defects graded III–IV according to International Cartilage Regeneration & Joint
Preservation Society (ICRS) classification in patients complaining of clinical symptoms (pain, swelling,
locking, and giving way) after failure of conservative treatments. Contra-indications for surgery were
untreated limb misalignment or knee instability, diffuse arthritis or bipolar (“kissing”) lesions, and other
general medical conditions such as infectious, tumor, metabolic, rheumatic, and inflammatory diseases.
A definitive diagnosis of chondral lesion and sizing was performed during the arthroscopic procedure.
Patients who presented with an anterior cruciate (ACL) lesion at the time of surgery underwent the
combined ACL reconstruction in the same surgical session with cartilage harvesting.

A statistician, blinded to the treatment outcome, extracted two homogeneous groups of patients
from the general database treated with mosaicplasty or MACT. These groups were comparable both in
terms of patient demographics and cartilage lesion features. In detail, male or female patients were
included, aged between 18 and 40 years, with body mass index (BMI) between 18.5 and 30, treated for
lesions involving only femoral condyles (excluding trochlea and tibial plateau), with defect size between
1.0 and 3.0 cm2, traumatic or degenerative etiology (excluding osteochondritis dissecans lesions), and
evaluated up to a minimum 10-year follow-up. According to these criteria, 43 patients were included
in the study: 20 mosaicplasty and 23 MACT. The specific characteristics of the two groups are reported
in Table 1. Statistical analysis confirmed that the two treatment groups were homogeneous with regard
to gender, age, BMI, activity level, defect size and location, etiology, combined and previous surgery.
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Table 1. Comparison of patient and lesion characteristics in the two groups.

Baseline Characteristics Mosaicplasty MACT Comparison

Patients, n (Men/Women) 20 (15/5) 23 (18/5) NS
Age, y mean (SD) 28.7 (7.3) 29.1 (5.9) NS
BMI, mean (SD) 23.4 (2.6) 24.0 (2.4) NS

Sport activity, n (%)
NSNon-competitive level 11 (55.0%) 12 (52.2%)

Competitive level 9 (45.0%) 11 (47.8%)
Etiology, n (%)

NSTraumatic 5 (25.0%) 12 (52.2%)
Degenerative 15 (75.0%) 11 (47.8%)

Combined surgery, n (%) 15 (75.0%) 15 (65.2%)
NSACL reconstruction, n 9 (45.0%) 12 (52.2%)

Meniscal treatment, n 11 (55.0%) 10 (43.5%)
Previous surgery, % 8 (40.0%) 11 (47.8%)

NS
ACL reconstruction, n 4 (20.0%) 3 (13.0%)
Meniscal treatment, n 3 (15.0%) 4 (17.4%)

Cartilage treatment, n 1 (5.0%) 4 (17.4%)
Defect size, cm2 (SD) 2.0 (0.6) 2.0 (0.6) NS

Location, n (%)
NSMedial Femoral Condyle 12 (60.0%) 12 (52.2%)

Lateral Femoral Condyle 8 (40.0%) 11 (47.8%)

Statistical analysis showed no significant differences between the two groups. ACL, anterior cruciate ligament; BMI,
body mass index; MACT, matrix-assisted autologous chondrocyte transplantation; NS, not significant; SD, standard
deviation; y, years.

2.2. Surgical Techniques and Rehabilitation Protocols

Arthroscopic mosaicplasty was performed in one step using the Autogenous Osteochondral
Grafting System (Smith & Nephew, London, UK) surgical instrumentation, as previously described [20].
In brief, damaged cartilaginous and fibrous tissue was excised, and the lesion was then measured
for size and location. Recipient 15 mm deep holes were made perpendicular to the cartilage surface.
After preparing the defect area, osteochondral grafts were harvested. The donor site was preferentially
the superolateral ridge of the femoral condyle, whereas the superomedial ridge was used only when
four grafts were necessary. Tubular chisels were used to harvest the graft and then, with a smooth
cannula, the grafts were delivered into the defect. One plug was used in 4 patients, 2 plugs in 9 patients,
3 plugs in 5 patients, and 4 plugs in 2 patients. The stability of the plugs was tested by cyclic bending
of the knee while grafts were visualized.

Arthroscopic MACT was performed in two steps as previously described [21]. In brief, the first
procedure consisted of an arthroscopic biopsy of healthy cartilage, sent for chondrocyte cell culture
and subsequent seeding onto a hyaluronic acid-based scaffold (Hyaff 11, Fidia Advanced Biopolymers
Laboratories, Padova, Italy) to obtain the bioengineered tissue Hyalograft C (Fidia Advanced
Biopolymers Laboratories, Padova, Italy). After 6 weeks, the second step was performed, and
the bioengineered tissue was arthroscopically implanted through cannulated devices. Because of the
physical adhesive characteristics of the graft, no fibrin glue or sutures were used to fix the implant.
Under arthroscopic control, the stability of implanted patches was evaluated during cyclic bending of
the knee.

Postoperative rehabilitation protocols were comparable for both treatments. Postoperative
management focused on early mobilization to facilitate faster resolution of swelling, promote healing
and joint nutrition, and prevent adhesions. Passive knee range of motion (ROM) exercises on a
continuous passive motion (CPM) machine (0◦–30◦) and static quadriceps exercises were started few
days after surgery. Usually, 90◦ of knee flexion was reached within 4 weeks and full ROM within
8 weeks after surgery. Toe-touch ambulation with crutches and braces in full extension was allowed
the third or fourth week and was usually completed within 6 to 8 weeks after surgery. Progressive
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recovery of functional daily activities and muscle strength were performed, with particular care during
exercises in open kinetic chain, which were allowed only after 12 weeks. In the mosaicplasty group,
full athletic activity was permitted after 4 months and contact and traumatic sports were allowed
after 6 months. In the MACT group, high-impact activities were discouraged until 10 to 12 months
after implantation.

2.3. Clinical and Radiological Evaluation

Patients were evaluated before surgery and prospectively for a mean of 12 years of follow-up
(140.2 ± 15.1 months, range 120–168 months) with the International Knee Documentation Committee
(IKDC) subjective and objective scores for the evaluation of knee symptoms and function, and with
the Tegner score for activity level. Effusion and passive motion deficit were used to determine the
final functional grade of the knee (A—normal, B—nearly normal, C—abnormal, or D—severely
abnormal). Failures were also recorded: the procedures were considered to have failed if the patient
needed a reoperation because of symptoms related to the primary defect. For these patients, the
scores of the latest follow-up available before reoperation were carried forward at the final follow-up.
Besides surgical failures, patients without a clinically significant improvement (10 IKDC subjective
points compared with the baseline evaluation, as previously described [22]) were considered to be a
clinical failure.

Magnetic Resonance Imaging (MRI) was used to evaluate the repair tissue in 30 knees (15 of
the mosaicplasty group and 15 of the MACT group) at long-term follow-up. MRI evaluation was
performed using a 1.5-T superconducting magnet (General Electric Co, Fairfield, Connecticut) with
a dedicated phased array (8 channels) HD knee coil. The following sequences were used for graft
evaluation: sagittal fast spin echo proton density weighted with fat saturation (TR 3500, TE 22, FOV
16, slice thickness 3 mm, Matr 320 × 256); sagittal T2 MAP (TR 1000, echoes 8 FOV 16, Th. 3 mm
Matr 320 × 224); sagittal 3D “Cube” proton density weighted (TR 2500, TE 30, FOV 20, slice thickness
0.8 mm Matr 288 × 288); coronal fast spin echo proton density weighted with fat saturation (TR 2600,
TE 40, FOV 16, slice thickness 4 mm, Matr 320 × 224); axial fast spin echo proton density weighted with
fat saturation (TR 2600, TE 40, FOV 16, slice thickness 4 mm, Matr 320 × 224). The magnetic resonance
observation of cartilage repair tissue (MOCART) 2.0 scoring system was applied for graft evaluation,
which considers seven variables to describe morphology and signal intensity of the repair tissue [23].
All imaging evaluations were performed by an orthopedic surgeon and a musculoskeletal radiologist
experienced in cartilage regeneration procedures in consensus.

2.4. Statistical Methods

All continuous data were expressed in terms of mean ± SD, categorical variables were expressed
as proportions or percentages. The Shapiro-Wilk test was performed to test normality of continuous
variables. The Levene test was used to assess the homoscedasticity of the data. Repeated measures
ANOVA was performed to compare the scores at different follow-up times. The one way ANOVA test
was performed to assess the between group differences of continuous and normally distributed and
homoscedastic data; the Mann-Whitney test was used otherwise. The Spearman rank correlation was
used to assess correlations between numerical scores and continuous data, the Kendall’s tau correlation
was used to assess correlations between ordinal scores and continuous data. Pearson’s chi square exact
test was performed to investigate relationships between grouping variables. For all tests p < 0.05 was
considered significant. All statistical analysis was performed using SPSS v.19.0 (IBM Corp., Armonk,
NY, USA).

3. Results

Both groups showed a marked improvement of all clinical scores from baseline to the last follow-up.
The IKDC subjective score improved significantly in the mosaicplasty group from the basal level of
38.1 ± 11.8 to 75.3 ± 21.8 (p < 0.0005) at the final follow-up. Similarly, in the MACT group there was
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a significant improvement from the basal level of 37.6 ± 14.9 to the final follow-up of 81.8 ± 13.0
(p < 0.0005). No significant differences in the IKDC subjective scores were found between mosaicplasty
and MACT groups (Figure 1).
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Figure 1. Comparison of the International Knee Documentation Committee (IKDC) subjective score
achieved at a final follow-up of 12 years by both groups of patients. The values are expressed in
median and 25th and 75th percentiles. No significant differences were found between the two groups.
FU, follow-up.

The IKDC objective score in the mosaicplasty group improved from baseline, where no knees
were evaluated as normal or nearly normal (13 C, 7 D), to 16 normal or nearly normal knees at 12
years of follow-up (7 A, 9 B, 3 C, 1 D). In the MACT group, this score improved from 7 normal
or nearly normal knees at baseline (1 A, 6 B, 9 C, 7 D) to 23 at the final follow-up (16 A, 7 B). The
IKDC objective score improvement was significantly higher in the MACT group compared with the
mosaicplasty group at 12 years of follow-up (p = 0.029). The Tegner score in the mosaicplasty group
showed a significant improvement from 2.9 ± 1.4 at the pre-operative evaluation to 5.0 ± 2.4 at the final
follow-up (p = 0.043); however, the mean activity level remained lower vs. pre-injury (7.1 ± 2.0, p =

0.081). Similarly, the Tegner score of the MACT group showed a statistically significant improvement
(p = 0.001) from the pre-operative level (1.6 ± 1.5) to the final follow-up (5.3 ± 2.1), although also in
this case without reaching the pre-injury level (7.0 ± 1.6, p = 0.081). No significant differences were
found in the Tegner scores between mosaicplasty and MACT at the final follow-up, with only eight
patients for each group achieving the pre-injury activity level 12 years after surgery (Figure 2).

Two patients of the mosaicplasty group failed (one with four plugs and one with three plugs)
and were treated with MACT 2 years after the treatment, fixing a 10% reoperation rate. At the final
mean follow-up of 12 years, three more patients in the mosaicplasty group (one patient with one plug,
one with two plugs, and one with four plugs) were considered clinical failures, for an overall failure
rate of 25%, significantly higher compared to the MACT group, where no surgical or clinical failures
occurred (p = 0.016).

The MRI findings of 30 knees (15 mosaicplasty and 15 MACT), analyzed with the MOCART 2.0
scoring system, showed a high rate of cartilage defect filling in both groups, and a complete integration
into the adjacent cartilage in half of the patients in both groups. However, the surface of the repair
tissue was damaged in the majority of cases. The structure of the repair tissue was homogeneous
in most cases, and the signal intensity was normal (isointense) in half of the patients in both groups.
At subchondral bone level, a bony defect or bony overgrowth was reported in the majority of patients,
while an edema-like marrow signal was reported in almost half of the patients in both groups (Figures 3
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and 4). No significant differences were reported between the two groups in the overall MOCART 2.0
scores and in all the seven subscales (Table 2).

Further analysis was performed to determine the parameters that influenced the clinical outcome
at the final follow-up in the two treatment groups. Defect size was found to significantly influence
the final IKDC scores between the two groups, with MACT producing significantly higher objective
results (p = 0.031) and a tendency for higher subjective results compared to mosaicplasty (81.8 ± 18.3
vs 58.8 ± 25.0, p = 0.092) for lesions > 2 cm2. Moreover, while size did not influence results in the
MACT group, patients with lesions bigger than 2 cm2 had a lower improvement in their activity level
as measured by Tegner (p = 0.014) (Figure 5). Conversely, age, sex, BMI, site, etiology, number of plugs
(for the mosaicplasty group), and previous or associated surgery did not significantly influence the
final clinical outcome. No correlations were also found between MOCART 2.0 total scores or subscales
and basal parameters, including age, BMI, and defect size. Moreover, no correlations were found
between clinical scores (IKDC subjective and objective, and Tegner score) and MOCART 2.0 total scores
or subscales at final follow-up.Appl. Sci. 2020, 10, x FOR PEER REVIEW 6 of 14 
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Figure 2. Comparison of the Tegner scores achieved at a final follow-up of 12 years. In both groups,
scores improved significantly from the pre-operative level to the final follow-up, even though the mean
activity level remained significantly lower vs. pre-injury. No differences were found in sports activity
levels between the two groups. FU, follow-up; Pre-inj, pre-injury; Pre-op, pre-operative.
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Figure 3. MRI evaluation at 11 years’ follow-up of a medial femoral condyle lesion treated with
mosaicplasty in a 37-year-old man. Sagittal 3D "Cube" PD (a) and coronal PD FAT SAT (b) demonstrate
a good filling of the defect (arrows) and a complete integration into adjacent cartilage. However, there is
an inhomogeneous structure of the repair tissue with adjacent bony overgrowth.
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Figure 4. MRI evaluation at 9 years’ follow-up of a medial femoral condyle lesion treated with
matrix-assisted autologous chondrocyte transplantation in a 39-year-old woman. Sagittal 3D “Cube”
PD (a) and coronal PD FAT SAT (b) demonstrate a good filling of the defect (arrows) and integration
into adjacent cartilage, a homogeneous structure and a normal signal intensity of the repair tissue.
Moreover, no significant bony defect, bony overgrowth, or major subchondral changes were detected.

Table 2. Magnetic resonance Observation of Cartilage Repair Tissue (MOCART) 2.0 evaluation.

MOCART 2.0 Knee Score: Cartilage Repair Tissue Assessment Mosaicplasty
Group

MACT
Group Comparison

1
Volume fill of

cartilage defect

Complete filling or minor hypertrophy 4 (26.7%) 4 (26.7%)

NS
Major hypertrophy (≥ 150%) or 75% to 99% filling 6 (40.0%) 8 (53.3%)

50% to 74% filling 4 (26.7%) 3 (20.0%)
25% to 49% filling 1 (6.6%) 0

< 25% filling or complete delamination in situ 0 0

2
Integration into

adjacent
cartilage

Complete 8 (53.3%) 8 (53.3%)

NS
Split-like defect ≤ 2 mm 3 (20.0%) 6 (40.0%)

Defect > 2 mm but < 50% of repair tissue length 4 (26.7%) 1 (6.7%)
Defect ≥ 50% of repair tissue length 0 0

3
Surface of the
repair tissue

Intact 5 (33.3%) 3 (20.0%)
NSDamaged: < 50% of the repair tissue diameter 8 (53.3%) 10 (66.6%)

Damaged: ≥ 50% of the repair tissue diameter 2 (13.4%) 2 (13.4%)

4
Structure of the

repair tissue
Homogeneous 11 (73.3%) 10 (66.7%)

NSInhomogeneous 4 (26.7%) 5 (33.3%)

5
Signal intensity

of the repair
tissue

Normal 7 (46.7%) 9 (60.0%)
NSMinor abnormal: minor hyperintense or minor hypointense 7 (46.7%) 6 (40.0%)

Severely abnormal 1 (6.6%) 0

6
Bony defect or

bony
overgrowth

No bony defect or bony overgrowth 7 (46.6%) 5 (33.3%)

NS
Bony defect: depth < thickness of adjacent cartilage or

overgrowth < 50% of adjacent cartilage 4 (26.7%) 9 (60.0%)

Bony defect: depth ≥ thickness of adjacent cartilage or
overgrowth ≥ 50 % of adjacent cartilage 4 (26.7%) 1 (6.7%)

7
Subchondral

changes

No major subchondral changes 8 (53.3%) 8 (53.3%)

NS

Minor edema-like marrow signal: maximum diameter < 50%
of the repair tissue diameter 7 (46.7%) 4 (26.7%)

Severe edema-like marrow signal: maximum diameter ≥ 50%
of the repair tissue diameter 0 3 (20.0%)

Subchondral cysts ≥ 5 mm or osteonecrosis-like signal 0 0

Total score,
mean ± SD - 74.0 ± 17.1 75.7 ±

13.6 NS

MACT, matrix-assisted autologous chondrocyte transplantation; MOCART, magnetic resonance observation of
cartilage repair tissue; NS, not significant; SD, standard deviation.
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(IKDC) subjective score and the percentage Tegner Score improvement at a final follow-up of 12 years in
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results compared to the mosaicplasty group for the defect area > 2 cm2 (p = 0.092). The double
asterisk (**) indicates a lower improvement in terms of Tegner Score for the defect area > 2 cm2 in the
mosaicplasty group (p = 0.014).

4. Discussion

The main finding of this study is that both mosaicplasty and MACT techniques provided
satisfactory clinical results at long-term follow-up in two homogeneous groups of patients affected
by knee cartilage defects. Additionally, the MRI evaluation suggested a good and durable quality of
repair tissue, although without correlations with the clinical outcomes. The comparative analysis of
the two procedures suggested that while similar results were obtained for small lesions, MACT should
be preferred versus mosaicplasty when addressing larger knee cartilage defects.

The overall clinical results reported in this study are in line with other recently published long-term
studies, showing that both mosaicplasty and MACT may offer satisfactory and durable results when
applied for the treatment of relatively small chondral lesions of knee femoral condyles [17,24–26].
In the largest available study of mosaicplasty that included 831 patients evaluated at 10 years of
follow-up, Hangody et al. reported 92% good-to-excellent results with a low complication rate [26].
Similarly, Andriolo et al. performed a long-term evaluation at 15 years of follow-up in 113 patients
treated with MACT, reporting a significant and stable clinical scores improvement. Even the failures
rates reported in this study reflect the literature findings, with higher failure rates documented in
patients treated with mosaicplasty technique compared to MACT. Pareek et al. [13] found that, at an
average follow-up of 10 years, patients who underwent mosaicplasty had an overall failure rate of
28% and a reoperation rate of 19%, thus reflecting the results obtained in the current study (overall
failure rate of 25% and a reoperation rate of 10%). The survival of MACT of the present study appears
to be actually higher than previous findings. A systematic review reported a failure rate of 10.4% at
mid-long term follow-up in patients treated with MACT [27]. However, these differences may be due
to the different populations of patients considered; other studies demonstrated a higher failure rate in
some patients categories, such as knee osteoarthritis and patellar defects [25,28], and these types of
patients were excluded in the current study, where no failures were documented in the MACT group.

Long-term results of both mosaicplasty and MACT have also been evaluated in comparison with
other cartilage repair techniques. Compared to microfractures, mosaicplasty resulted in significantly
better outcomes in several studies at long-term follow-up [29–31]. In particular, even though both
mosaicplasty and microfractures presented a worsening of results at 10 years, Gudas et al. [32]
reported significantly better results in patients treated with mosaicplasty, which presented a higher



Appl. Sci. 2020, 10, 4615 9 of 13

activity level, a lower failure rate, and a lower radiographic evidence of osteoarthritic degenerative
progression. These results may be explained by the better quality of repair tissue provided by the use
of autologous graft compared to fibrocartilage obtained with bone marrow stimulation techniques [32].
Similarly, MACT also presented better patient-reported outcome scores and lower failures compared
to microfractures [33,34]. Additionally in this case, the excellent durability of MACT results could be
explainable by the hyaline-like tissue restored [35], compared to the fibrocartilaginous repair tissue
provided by microfractures as demonstrated by MRI studies [36,37].

The role of MRI in assessing cartilage repair tissue has been widely reported [38], and the imaging
results of this study confirmed the literature findings in both treatment groups, with high MOCART
2.0 scores. However, several suboptimal imaging findings were also documented, both in terms of
surface integrity and subchondral bone alterations, although these findings did not correlate with
clinical results. To this regard, previous studies were controversial in regard the clinical significance of
MRI findings. Tetta et al. [39] showed that mosaicplasty implants with a better imaging appearance
also presented better objective and subjective scores, and Kon et al. [40] confirmed this correlation
in patients treated with MACT. Conversely, Adrian et al. [41], while demonstrating a good-quality
repair tissue at 10 years after MACT, found no correlation between clinical outcome and MRI results.
These controversial findings have to be interpreted in light of a meta-analysis investigating the
correlation between MRI and clinical outcomes after cartilage repair [42]. In fact, only 28% of the
included studies found such correlation, leaving unanswered the question of whether MRI is reliable
in predicting clinical outcomes after cartilage repair. Therefore, caution should be recommended when
interpreting MRI findings and greater importance should be placed on the patient clinical evaluation.
This is especially true in a comparative study such as the current one, aiming at determining the most
suitable treatment in patients affected by cartilage lesions.

The present study compared both clinical and imaging outcomes of mosaicplasty and MACT
at long-term follow-up. The results of these techniques in the literature, evaluated singularly,
were confirmed, with good and long-lasting results and a low surgical failure rate. Mosaicplasty and
MACT also showed similar overall clinical outcomes and comparable tissue repair quality at MRI
evaluation. However, this comparative analysis underlined some interesting aspects. MACT presented
better clinical results in relatively larger cartilage lesions, better objective findings, and a lower failure
rate compared to mosaicplasty. These findings are inconsistent with the only available comparative
analysis of these two techniques at short-term follow-up [19]. In detail, Clavé et al. reported a
significantly greater symptom improvement 2 years after treatment for mosaicplasty compared to
MACT in defects larger than 3.5 cm2, while no significant difference was found for smaller lesions [19].
On the other hand, in contrast to these results, Bentley et al. [43] reported a higher rate of failure in
patients with large cartilage lesions treated with mosaicplasty compared to first-generation ACI at
long-term follow-up, thus underlining that mosaicplasty is not a suitable option for the treatment of
large lesions. This result was confirmed by other authors that investigated the significance of the lesion
size for mosaicplasty technique, showing better clinical improvement in patients affected by small
lesions [44,45]. An important aspect related to the lesion size is the number of plugs used to cover the
defect being correlated with the clinical outcomes and the failure rate [45]. A limited number of plugs
could correlate with better results probably because of the cylindrical shape of the grafts that does not
allow optimal coverage of the lesion site by multiple grafts, leaving residual small uncovered areas
that might impair or diminish the healing process [46,47].

Another important aspect that needs to be taken into account when evaluating cartilage procedures
is the clinical profiling, aimed at determining the patient and lesion characteristics which may play a
prognostic role on the final outcome [48]. Many studies evaluated several factors that can influence
the failure rate of both these techniques. Among them, age, sex, etiology and size of the defect seem
to modify the failure rate, with female patients, older patients and those affected by degenerative
or larger lesions, complex cases, and patients undergoing salvage treatment being more at risk of
failures [13,24,25,49,50]. Such profiling of patient characteristics which may influence the outcome
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were not possible in this series due to the low number of patients, although interesting findings could
be underlined for the most suitable treatment indication based on the lesion size.

The current study has limitations that should be considered in the interpretation of the results.
First of all, the retrospective design, with consequent lack of randomization, may entail an inclusion
bias, with different patients treated with different procedures. Nevertheless, data were collected
prospectively, and the strict patient selection by a statistician blinded to the study outcome allowed
us to obtain two homogeneous groups to compare, thus allowing us to draw conclusions about the
selected population. The absence of an intermediate evaluation is another limitation. Unfortunately,
some patients of the two treatment groups were not evaluated at the intermediate follow-ups, hindering
the possibility to better understand possible oscillations of the outcomes over time between the two
techniques. Nevertheless, short and mid-term follow-ups of both procedures have already been
reported in the literature. Secondarily, the relatively small number of patients evaluated hindered
the possibility to confirm some correlations between outcome and influencing factors. Moreover,
a slight (although not significant) heterogeneity was present between the two groups in terms of
etiology, with some more degenerative cases in the mosaicplasty group. Nevertheless, the current
survey represents the largest population evaluated in a comparative long-term analysis, and allowed
meaningful clinical and MRI results, showing overall good results over time for both techniques,
but lower results for mosaicplasty in lesions larger than 2 cm2. Other limitations are the absence of
arthroscopic and histologic examinations, and of a radiologic follow-up, often considered the ideal
technique for evaluating cartilage quality and OA evolution. Moreover, the imaging evaluation was
not available for all patients, because some patients declined to undergo MRI exam. Nevertheless,
the high rate of MRI evaluations at long-term follow-up and the use of the recent MOCART 2.0 tool
offered important information regarding the state of the repair tissue and of the whole joint, leaving
the analysis of the degenerative progression to future studies with longer follow-up times.

Alternative solutions have been explored to restore the articular surface while overcoming
the drawbacks of mosaicplasty and MACT, aiming at lowering costs, simplifying the procedure,
and improving long-term results [51,52]. The most recent developments involve the use of cell
sources for one-step solutions or the application of biomaterials, such as a cell-free approach [53–56].
Nevertheless, while research is moving forward, it is fundamental to keep documenting the results of
the most established procedures like mosaicplasty and MACT, to better understand how much and
how long can patients benefit from these cartilage procedures, to detect the ideal candidates through a
patient profiling, and to set a reference point to measure the potential of the other emerging solutions.
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