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Article

Introduction

Osteochondral lesions of the talus (OLT), often resulting 
from sport injuries in young patients, are associated with 
local inflammatory and catabolic reactions and represent 
one of the main risk factors for the development of post-
traumatic osteoarthritis (OA).1-5 Concurrent with the 
impairment of cartilage and bone homeostasis, the sensiti-
zation of nociceptive pathways lead to the onset of acute 
and chronic pain states during OA.6,7 The ideal therapeutic 
strategy for OLT should be able to provide biological and 
biomechanical properties necessary for the regeneration of 
the entire osteochondral unit. From a biological point of 
view, the integrity of the calcified cartilage layer is an 

important criterion to consider as it plays a crucial role in 
preventing vascularization and migration of cells resulting 
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Abstract
Objective. The low regenerative potential of cartilage contributed to the development of different cell therapies aimed to 
improve the clinical outcome in young patients with Osteochondral Lesions of the Talus (OLT). This study is designed 
to assess the regenerative potential of autologous matrix-induced Bone Marrow Aspirate Concentrate (mBMAC) and 
matrix-induced Autologous Chondrocyte Implantation (mACI) evaluating, on a small number of osteochondral biopsies, 
the expression of some catabolic, inflammatory, and pain mediators. Design. Twenty-two patients with OLT were analyzed 
in this study; 7 were treated with mACI and 15 with mBMAC. Informed consent was obtained from all the patients. 
Clinical assessments were performed pre-operatively and at 12, 24, and 36 months after surgery using the American 
Orthopedic Foot and Ankle Society (AOFAS). Histology and immunohistochemistry were used to assess cartilage repair at 
24 months. Data were analyzed using non-parametric Wilcoxon-Mann-Whitney and Spearman tests. Results. A remarkable 
improvement in AOFAS score was noticed for both treatments up to 36 months; however, patients treated with mACI 
reported the best AOFAS score. Various degrees of tissue remodeling were observed by histological analysis for both cell 
strategies. However, mBMAC treatment showed a higher expression of some fibrous and hypertrophic markers compared 
to mACI group. A mild positivity for nerve growth factor, as pain mediator, was noticed for both treatments. Conclusions. 
Our findings demonstrated the best histological and clinical results following mACI treatment since different fibrotic and 
hypertrophic features were evident in the mBMAC group at 24-month follow-up.
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in bone ingrowth.8 However, a number of other key aspects 
have to be monitored during osteochondral repair, such as 
fibrosis, catabolic and inflammatory processes, responsible 
for the production of several cytokines and oxygen-derived 
free radicals, which lead to joint destruction and pain.2,3

From a clinical point of view, therapeutic strategies for 
OLT are influenced by a variety of factors, including 
patient characteristics, the anatomical site, and the size of 
the lesion.9 Besides marrow stimulating techniques such 
as abrasion, drilling, or microfractures,10,11 great clinical 
success was obtained in 1994 through the use of Autologous 
Chondrocyte Implantation (ACI).12-15 The advances in the 
field of tissue engineering moved more quickly toward the 
use of bioactive biomaterials, the research of new cell 
sources, and the identification of innovative therapeutic 
strategies to improve cartilage repair. With regard to bio-
materials, they were first used in combination with chon-
drocytes, giving rise to the second-/third-generation 
ACI,16,17 resulting in good clinical results at mid–long-
term follow-ups.18-20 Subsequently, more attention has 
been directed toward the importance of using different cell 
types, wherein the application of mesenchymal stem cells 
(MSC)21-24 covered a noticeable interest because of their 
ability to differentiate towards chondrogenic and osteo-
genic lineages as well as their ability of secreting a wide 
amount of growth factors and cytokines.25 Lately, increas-
ing research studies have been focused on the use of “one-
step” surgical techniques, such as Bone Marrow Aspirate 
Concentration (BMAC),26-28 thus allowing easy handling, 
no cell manipulation, and a large number of cells for the 
repair of large cartilage defects, resulting in a less expen-
sive strategy compared to other therapeutic strategies.

This study aimed to assess the regenerative potential of 
autologous matrix-induced Bone Marrow Aspirate 
Concentrate (mBMAC) and matrix-induced Autologous 
Chondrocyte Implantation (mACI) techniques in evaluat-
ing, on a small number of osteochondral biopsies, the 
expression of some catabolic, inflammatory, and pain 
mediators in a small number of patients affected by OLT, 
treated at the Rizzoli Orthopedic Institute.

Materials and Methods

Twenty-two patients affected by OLT were evaluated through 
clinical, histological, and immunohistochemical analyses at 
the Rizzoli Orthopedic Institute. Clinical analyses were car-
ried out preoperatively and at 12, 24, and 36 months follow-
ing cell treatments, whereas all the other assessments were 
performed only at 24-month follow-up. Seven patients 
underwent to an arthroscopic ACI technique (3 women and 4 
men; mean age = 31.2 ± 8 years) using chondrocytes seeded 
onto HYAFF-11 (Fidia Advanced Biopolymers SRL, Abano 
Terme, Italy), a derivative of hyaluronic acid. Fifteen patients 
underwent to an arthroscopic BMAC procedure (5 women 

and 10 men; mean age = 31 ± 7.8 years) obtained with 
IORG-1 kit (Novagenit, Mezzolombardo, Italy), seeded onto 
either a collagen scaffold (Novagenit) or a hyaluronic acid 
autoadhesive membrane (HYAFF-11). All the ankle joints 
had a mean lesion size of 1.8 ± 0.7 cm2 (range = 1-2.5 cm2). 
Arthritis of the ankle joint and rheumatoid arthritis were con-
sidered exclusion criteria to the surgical procedure. Clinical 
assessments were performed at 12, 24, and 36 months with 
American Orthopedic Foot and Ankle Society Ankle-
Hindfoot Score (AOFAS).29 The biopsy samples were taken 
from all treated patients at 24-month follow-up after having 
obtained informed consent. Histological and immunohisto-
chemical analyses were performed on osteochondral tissues. 
The study was approved by the Ethical Committee of the 
Rizzoli Orthopedic Institute (Numbers: 29877 and 0008310).

Matrix-Autologous Chondrocyte Implantation

The mACI was performed through 2-step surgical proce-
dures to obtain the biopsy for chondrocyte isolation fol-
lowed by a second phase where the cells were implanted. In 
particular, 3 patients were treated using the classical 
approach of seeding cultured cells onto a periosteal flap, 
whereas 4 patients were treated with a third-generation 
ACI, consisting of chondrocytes grown onto HYAFF-11, a 
derivative of hyaluronic acid. The average time lag between 
the first and secondary arthroscopies was approximately 3 
weeks. The surgical approach used to carry out the ACI 
technique has been described in our previous work.30

Matrix-Autologous Bone Marrow Aspirate 
Concentrate Implantation

Bone marrow was harvested from the iliac crest in small 
fractions from multiple sites into plastic syringes, internally 
coated with calcium-heparin solution. This procedure was 
repeated through the same skin opening to obtain a total of 
60 mL bone marrow aspirate. The harvested bone marrow 
was directly concentrated in the operating theater with a cell 
separator-concentrator (IORG-1). In particular, 6 patients 
were treated with seeding cultured cells onto a collagen 
membrane (Novagenit), whereas in 9 patients cells were 
seeded onto HYAFF-11 (Fidia), a derivative of hyaluronic 
acid. The details related to the technical procedure used for 
BMAC together with the surgical approach have been 
described in our previous article.1

Post-operative Treatment

Active and passive ankle motions were suggested to all 
treated patients the day after the surgery. The range of motion 
was increased gradually according to pain tolerance during 
the first few weeks. No weight bearing on the affected ankle 
was recommended for the first 6 weeks following the 
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surgery, and partial weight bearing was permitted starting 
from this time point. Low-impact sport activities were 
allowed 4 months after surgery, whereas high-impact activi-
ties such as tennis and soccer were permitted after 10 to 12 
months after surgery. Patients were followed-up at 12, 24, 
and 36 months after surgery.

Clinical Evaluation

Patients were clinically evaluated with the AOFAS system 
as described by Kitaoka et al.29 to monitor their progress 
preoperatively and at 12, 24, and 36 months after surgery. 
AOFAS score is based on a scale from 0 (poor clinical out-
comes) to 100 (excellent clinical outcomes). Results were 
rated as follows: excellent, 90 to 100; good, 80 to 89; fair, 
60 to 79; and poor, <60.

Histological Analyses

Specimens were fixed in 10% buffered formalin and decal-
cified in 4% hydrochloric acid and 5% formic acid at room 
temperature for approximately 4 days and processed until 
their paraffin embedding. Thin sections (5 µm) were stained 
with Gill III hematoxylin-eosin (Bioptica, Milano, Italy) 
and 0.1% Safranin-O/0.02% Fast Green (Sigma Aldrich, St 
Louis, MO) to evaluate the general morphology and proteo-
glycan/collagen content, respectively. Histological assess-
ments were supported by specific scoring systems: a 
modified International Cartilage Repair Society (ICRS)-I 
score31 to investigate the level of cartilage repair following 
the different treatments. This score is composed of 5  
parameters—surface, matrix organization, cell distribution, 
cell viability, and cartilage mineralization with a scoring 
system from 0 (no repair) up to 15 (complete repair of car-
tilage tissue). All the evaluations were performed by 2 
blinded researchers with Eclipse 90i microscope (Nikon, 
Melville, NY).

Catabolic, Inflammatory, and Pain Mediators 
through Immunohistochemical Analyses

Protein expressions of collagens I and X; metalloproteinase 
(MMP)-1, MMP-3, MMP-13; caspase-3 and inducible-
Nitric Oxide Synthase (iNOS); Tumor Necrosis Factor-α 
(TNF-α); interleukin (IL)-1β; S100 calcium-binding protein 
A9 (S100A9); Nerve Growth Factor (NGF); and Substance 
P (SP) were evaluated on tissue slides by immunohisto-
chemistry. After having performed antigen retrieval of speci-
mens with 0.1% proteinase (Sigma) at 37°C for 20 minutes, 
the sections were blocked with 2% bovine serum albumin 
(Sigma) in phosphate-buffered saline for 30 minutes and 
then incubated with mouse monoclonal antibodies against 
human collagen type I (2 µg/mL; Chemicon International, 

Temecula, CA) and type X (0.5 µg/mL; Sigma), MMP-1, 
MMP-13 (5 mg/mL; R&D Systems, Minneapolis, MN), cas-
pase-3 (5 mg/mL; R&D Systems), i-NOS (2 mg/mL; 
Chemicon), IL-1β (1 µg/mL; R&D Systems), TNF-α (2 µg/
mL; R&D Systems), S100A9 (1 µg/mL; Abcam, Cambridge, 
UK), NGF (1 µg/mL; Chemicon), and SP (2 µg/mL; R&D 
Systems). Sections were incubated with a biotinylated sec-
ondary antibody and then reactions were developed using 
Vulcan Fast Red Chromogen Kit (Biocare Medical, Concord, 
CA). Negative controls were performed by omitting the pri-
mary antibodies or using an isotype-matched control. At the 
end, the nuclear component was counterstained using CAT 
hematoxylin (Biocare Medical) and tap-water activation. 
Image acquisition and processing with Eclipse 90i micro-
scope and NIS-Elements Software allowed the semiquanti-
tative analysis by two blinded investigators using Hue/
Saturation/Intensity (HSI). Because all negative-control pix-
els showed values ranging from 0 to less than 215, we set 
Hue (H) thresholds for positive pixels at 215 to 255. Ranges 
of 0 to 150 were established as threshold values for Saturation 
(S) and Intensity (I). The percentage of positive cells and/or 
area for each marker was carried out on the whole of the 
osteochondral sample (10× objective lens) and reported as 
percentage of positive cells and/or area on a scale from 0 (no 
protein expression) to 100 (the highest protein expression).

Statistical Analysis

Statistical analysis was performed using Graph Pad Prism 
software. The Kolmogorov-Smirnov test was used to assess 
whether data have a normal distribution. The non-parametric 
Wilcoxon-Mann-Whitney test was used to evaluate differ-
ences between preoperative and various clinical follow-up 
data and to assess the effectiveness of mACI and mBMAC 
treatments in favoring cartilage repair. Spearman rank cor-
relation test was used to study relationships between clini-
cal, histological, and immunohistochemical data. For all 
tests, P < 0.05 was considered significant.

Results

Clinical Assessment Performed at the Rizzoli 
Orthopaedic Institute

The mean preoperative AOFAS score was 47.17 ± 17.10 and 
56.07 ± 16.10 in mACI and mBMAC groups, respectively. 
Both cell-treated groups reported an improvement of AOFAS 
score from preoperative to 12, 24- and 36-month follow-ups 
(P < 0.05). In general, the mACI group showed fair clinical 
results at 12 months and excellent results at long-term fol-
low-ups; mBMAC treatment showed fair results at the short 
term and good results at 24- and 36-month-follow-ups 
(Table 1).



Desando et al.	 53

No Differences in Cartilage Repair Were 
Observed Between mACI and mBMAC 
Treatments

Similar histological findings were observed for specimens 
following mACI and mBMAC treatments at 24-month 

follow-up. The best histological scenario with the lowest 
score, reported in 5 out of 7 patients in the mACI group and 
10 out of 15 in the mBMAC group, displayed a well-organized 
cartilage matrix with nearly regular cellular arrangement 
and good proteoglycan content with a defined tidemark. 
Conversely, a small number of patients from the mACI and 

Table 1.  Global Clinical Results for AOFAS Score of Patients Treated with mACI (n = 7) and Those Treated with BMAC  
(n = 15).

Patient 
Group

AOFAS Score

Time Mean SD Median P Value *

mACI Preoperative 47.17 17.10 54.00  
  12 months 75.70 24.30 79.50 0.04
  24 months 92.40 10.04 96.00 0.001
  36 months 92.40 10.04 96.00 0.001
mBMAC Preoperative 56.07 16.10 54.00  
  12 months 78.50 11.00 78.00 0.03
  24 months 81.92 12.81 85.00 0.001
  36 months 84.22 14.64 90.00 0.001

AOFAS = American Orthopedic Foot and Ankle Society; mACI = matrix-induced Autologous Chondrocyte Implantation; mBMAC = matrix-induced 
Bone Marrow Aspirate Concentrate.
*P values <0.05 were considered significant.

Figure 1.  (A) Safranin-O/Fast Green staining of representative osteochondral samples stained with Safranin-O/Fast Green, treated 
with matrix-induced Autologous Chondrocyte Implantation (mACI) and matrix-induced Bone Marrow Aspirate Concentrate 
(mBMAC) procedures at 24-month follow-up. Red indicates proteoglycan content and green indicates collagen content.  
Scale bars = 100 and 200 µm. (B) Graphical representation of a modified ICRS-I score to assess cartilage repair from mACI (n = 7) 
and mBMAC (n = 15) groups. Arrows show cell positivity. Data were reported as 95% confidence interval with standard deviation.
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mBMAC groups showed the presence of various fibrillation 
processes, individual cells distributed within the cartilage 
matrix, and proteoglycan depletion (Fig. 1A). On the whole, 
both cell therapies showed various degrees of tissue remod-
eling, resulting in the formation of a hyaline-like cartilage 
tissue in both mACI and mBMAC treatments, with mean 
values for ICRS-I score of 7.6 ± 1.2 and 9.1 ± 0.6, respec-
tively (Fig. 1B).

Various Levels of Fibrotic, Hypertrophic, and 
Catabolic Markers Were Noticed Especially 
Following mBMAC Treatment

The protein expression for collagen type X was more pro-
nounced for both cell treatments in the worst histological 

scenarios, reporting positivity at cellular level in the supe-
rior and mid-layers of articular cartilage. The percentage of 
positivity for this hypertrophic marker was slightly higher 
in mBMAC compared to mACI treatment but without 
reporting significant evidence. The levels of protein expres-
sion for MMP-1 and MMP-13 were lower than collagen 
type X in both cell therapies; however, mBMAC treatment 
showed the highest protein expression at the cellular level, 
especially in the worst histological scenarios (Fig. 2A and 
B). Among the inflammatory markers associated with OA 
we analyzed, TNF-α, IL-1β, and S100A9 in cartilage biop-
sies, we observed very low levels of protein expression 
after both cell treatments (Fig. 3A and B). Although 
mBMAC treatment showed the highest percentages of posi-
tive cells for caspase-3 and i-NOS, located at the cellular 

Figure 2.  (A) Immunostainings for collagen-X, MMP-1, and MMP-13 of representative osteochondral samples that underwent to 
mACI and mBMAC procedures at 24-month follow-up. Scale bar = 100 µm. Arrows indicate the presence of positive cells.  
(B) Graphical representation of percentages of positivity for the aforementioned markers at the cartilage level in patients treated 
with mACI (n = 7) and mBMAC (n = 15). Arrows report cell positivity. Data were reported as 95% confidence interval with standard 
deviation. P < 0.05: collagen X for mBMAC versus mACI.
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Figure 3.  (A) Representative micrographs of immunohistochemical analyses for TNF-α, IL1β, and S100A9 of osteochondral samples 
that underwent to mACI and mBMAC procedures at 24-month follow-up. Scale bar = 100 µm. Arrows indicate the presence of 
positive cells. (B) Graphical representation of percentages of positivity for the aforementioned markers at the cartilage level in 
patients treated with mACI (n = 7) and mBMAC (n = 15). Arrows report cell positivity. Data were reported as 95% confidence 
interval with standard deviation.

level near the cartilage surface, no statistical differences 
between the two treatments were noticed (Fig. 4A and B). 
Fibrotic processes in terms of expression of collagen type I 
were slightly more pronounced following mBMAC rather 
than mACI treatment, with a pattern of positivity at the cel-
lular level as well as at the extracellular matrix. Similar lev-
els of expression for NGF were noticed for both cell 
treatments with an increased number of positive cells in 
mBMAC treatment. The percentage of protein expression 
for Substance P was very low, except for bioptic samples 
from the mBMAC treatment, where there were very low 
levels of positivity (Fig. 5A and B).

A Direct Correlation Between AOFAS and ICRS-I 
Scores Was Noticed for ACI and BMAC Treatments

A direct relationship between AOFAS and ICRS-I scores 
was observed for the ACI and BMAC groups, indicating 

that the improvement of clinical outcome (high AOFAS 
score) is related to the reorganization of cartilage structure 
(high ICRS score; P < 0.05) (Table 2). An inverse correla-
tion was instead observed between AOFAS score and fibro-
sis and pain mediators for both cell strategies, indicating 
how both treatments contribute to downregulate these 
degenerative reactions.

An inverse relationship between AOFAS score and 
hypertrophy was noticed only in the group treated with 
mACI. In general, AOFAS score does not show any correla-
tion with the examined inflammatory processes in both 
treated groups in our case series (Table 2).

Discussion

Autologous chondrocyte implantation is still considered a 
good therapeutic strategy for cartilage repair, showing 
encouraging results due to its ability to recreate a cartilage 
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tissue with similar histological features to the native tissue 
at mid- and long-term follow-up.15,32,33 Our group demon-
strated satisfactory clinical results using the ACI technique 
in the ankle joint up to 7 years.25 However, the limitations 
of this strategy, such as the great number of cells required 
that needs laboratory expansion and manipulation, as well 
as the patient burden and high costs, moved the field of the 
research toward the development of single-stage approaches. 
To this end, the use of bone marrow aspirate concentrate, 
obtained directly in the operating theatre via the use of spe-
cific devices,26,27 opened new perspectives in the orthopedic 
field, reducing the aforementioned problems.34-36 Indeed, 
the promising results obtained by in vitro and in vivo studies 
on BMC, indicating its ability to differentiate cartilage and 
osteochondral lineage37 and to contribute to cartilage 
repair,38,39 support the idea of using mBMAC in filling 
osteochondral defects promoting tissue repair.

The present study is a prospective case series aimed to 
assess the clinical and biological features observed fol-
lowing the use of mACI and mBMAC for OLT in a small 
number of young patients. Clinical assessment through 
AOFAS score demonstrated cartilage improvement by the 
use of both cell strategies with optimal to excellent clini-
cal outcomes up to 36-month follow-up. These data are in 

agreement with findings from Gobbi’s group that demon-
strated, especially through various clinical assessments, 
the cartilage healing potential of both cell strategies for 
the treatment of patellofemoral chondral lesions.40

Based on the findings obtained by Peterson et al.,41 who 
underlined the importance of considering patient status at 2 
years as an indicator of future outcome, we harvested osteo-
chondral biopsies at this time, in order to assess the matura-
tion status of the neo-formed tissue following the different 
treatments. Histological assessments confirmed the clinical 
results, showing a good cartilage repair with low signs of 
OA changes according to the ICRS-I score overall follow-
ing mACI treatment. In general, the majority of cases dis-
played a well-structured articular cartilage with an adequate 
cellular arrangement and proteoglycan content; however, 
some cases displayed some degenerative features, including 
fibrosis. There is clear evidence that the AOFAS score has a 
direct correlation with ICRS-I score at 24 months: this 
means that the best AOFAS score was related to a high his-
tological score, index of good cartilage repair.

To further assess the characteristics of the newly formed 
tissue, analyses were carried out to investigate collagen I 
expression and some catabolic and hypertrophic markers. It 
is well known that one of the major limitations during 

Figure 4.  (A) Representative micrographs of immunohistochemical analyses for caspase 3 and i-NOS of osteochondral samples that 
underwent to mACI and mBMAC procedures at 24-month follow-up. Scale bar = 100 µm. Arrows indicate the presence of positive cells. 
(B) Graphical representation of percentages of positivity for the aforementioned markers at the cartilage level in patients treated with 
mACI (n = 7) and mBMAC (n = 15). Arrows report cell positivity. Data were reported as 95% confidence interval with standard deviation.
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Figure 5.  (A) Representative micrographs of immunohistochemical analyses for collagen, NGF, and SP of osteochondral samples that 
underwent to mACI and mBMAC procedures at 24-month follow-up. Scale bar = 100 µm. Arrows indicate the presence of positive 
cells. (B) Graphical representation of percentages of positivity for the aforementioned markers at the cartilage level in patients treated 
with mACI (n = 7) and mBMAC (n = 15) treatments. Arrows report cell positivity. Data were reported as 95% confidence interval 
with standard deviation.

cartilage repair is the formation of fibrocartilage with large 
quantities of disorganized collagen I, filling the gap in dam-
aged tissue that lead to an altered tissue function with infe-
rior biomechanical properties.42 Histological analysis 
supported by ICRS-I score gave evidence of very good his-
tological scenarios in the mACI group, whereas higher lev-
els of fibrotic, hypertrophic processes, and proteins involved 
in the oxidative stress pathway were evident following 
mBMAC treatment. We believe that the presence of these 
features might reflect a late stage of cartilage maturation 
that is not reported with the use of ACI in which differenti-
ated cells are able to secrete early cartilage matrix proteins 
in loco. In this regard, we have previously demonstrated by 
in vitro studies a delay in chondrogenic differentiation fol-
lowing the use of BMAC compared to MSC.37

To properly consider which biological processes are 
involved in tissue regeneration, we examined some impor-
tant inflammatory mediators such as IL-1β and TNF-α 

acting during OA and responsible for pain and joint 
destruction. Immunohistochemical analyses of these cyto-
kines gave evidence of a very low inflammatory response, 
suggesting how both cell treatments likely counteract in 
the first instance this state, well evident during OLT. After 
having stated the low inflammatory profile in both treat-
ments, we decided to examine what were the effects of 
both cell strategies on some pain mediators, such as NGF 
and SP, involved in the annoying pain symptoms during 
OA. In general, we observed that NGF showed higher 
expression of SP in both cell treatments. Besides the vali-
dated role of NGF in the pain context, various authors sup-
ported the idea that NGF is also involved in favoring the 
cartilage repair processes during OA through the interac-
tion with other growth factors.43,44 From this perspective, 
the presence of NGF could be seen as an important regula-
tor, since it could modulate transforming growth factor-β1, 
thus influencing tissue repair.
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Table 2.  Relationship Between Histological Score, Hypertrophy, Fibrosis, Inflammation, Pain, and AOFAS Score for mACI and 
mBMAC Treatments at 24 Months.

Variables

Spearman 
Correlation 

Between ICRS-I 
Score and Variables

Spearman 
Correlation 

Between Collagen 
X and Variables

Spearman 
Correlation 

Between Collagen I 
and Variables

Spearman 
Correlation 

Between S100A9 
and Variables

Spearman Between 
NGF and Variables

  P Value Rho Value P Value Rho Value P Value Rho Value P Value Rho Value P Value Rho Value

AOFAS score for 
mACI (24 months)

*P < 0.001 0.9 P = 0.9 −0.3 *P < 0.001 −1 P = 0.8 0.3 *P < 0.001 −0.9

AOFAS score for 
mBMAC (24 months)

*P < 0.001 1 P = 0.9 0.4 *P < 0.001 −0.9 P = 0.9 0.4 *P < 0.001 −0.8

AOFAS = American Orthopedic Foot and Ankle Society; mACI = matrix-induced Autologous Chondrocyte Implantation; mBMAC = matrix-induced 
Bone Marrow Aspirate Concentrate; ICRS = International Cartilage Repair Society.
*P values <0.05 were considered significant.

This study presents some limitations that render difficult 
to achieve a clear conclusion on the biological effects of the 
two cell strategies proposed. In particular, the difference on 
cell precursor percentage in mBMAC group, the use of two 
different kinds of biomaterials, and most importantly the 
low number of patients enrolled are the main critical points.

However, our findings would indicate both mACI and 
mBMAC as valid candidates to regenerate cartilage in 
patients affected by OLT even if this last presents major 
drawbacks compared to mACI. Indeed, the use of a point-
of-care device that allows the concentration of total nucle-
ated cells and platelets26 with the lack of cell manipulation 
and expansion, as well as the release of cytokines and 
growth factors and low costs, would render for some aspects 
the mBMAC strategy more attractive for orthopedic sur-
geons. Thus, we believe that further studies are necessary to 
gain knowledge about the stability of mBMAC approach 
over time in a larger patient cohort to verify whether the 
neo-formed cartilage tissue evolves toward more hyaline 
features.
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