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Abstract: Introduction: Cartilage injuries and osteoarthritis are very prevalent and considered a public health
problem, as they are highly disabling and represent an economic burden. Mesenchymal Stromal Cells (MSCs)
can be isolated from different tissues and have the immunomodulatory capacity to regulate local articular joint
environment. This translational study aims to compare the cartilage restoration from MSCs from the synovial
membrane (SM) and dental pulp (DP), by tissue engineered treatment in a Good Manufacturing Practices.
Materials and Methods: A controlled experimental study in fourteen miniature pigs was performed, using
scaffold-free Tissue Engineering Construct (TEC) from DP and SM MSCs, with 6 months follow-up. Total
thickness cartilage defects were performed in both posterior knees. The defect was left empty on one side, and
the other received TEC from DP (n=7) or from SM (n=7). MRI assessed morphology with the MOCART scoring
system. T2 mapping assessed water and collagen fiber composition. Histology evaluated cartilage repair using
the ICRS-2 score. Results: The mean MOCART value in the untreated group was 46.2 + 13.4, while the group
treated with TEC from SM was 65.7 + 15.5 (p<0.05) and from DP was 59.0 + 7.9 (n.s.). The T2 mapping showed
a mean value of T2 of 54.9 + 1.9 in the native cartilage and the untreated group exhibited a mean T2 value of
50.9 + 2.4 (p<0.05). No difference was found between the native cartilage (54.9 + 1.9) and the treated groups
from DP (54.54 + 1.47) and SM (54.31 * 2.07). The ICRS-2 mean value was 42.1 + 14.8 in the untreated group,
64.3 + 19.0 in the group with TEC from SM (p<0,05) and 54.3 + 12.2 (n.s.) from DP. Conclusion: MRI and
histological analysis indicated that TEC treatment led to superior cartilage coverage and quality compared to
the control group. TEC from SM demonstrated better results than the defect group in the histological
assessment and had no difference to the treatment with TEC from the DP. In the MRI assessment, both DI and
SM groups showed better results in comparison to the defect group.

Keywords: tissue engineering; mesenchymal stromal cells; dental pulp; synovium; cartilage injuries; cartilage

restoration

Impact Statement

Cartilage injuries and osteoarthritis are very prevalent and considered a public health problem,
as they are highly disabling and represent an economic burden. Nowadays, there is a gap of current
therapies or active pharmaceutical ingredients for osteoarthritis treatment. Tissue engineering can
promote the repair of chondral injuries and is dependent on selecting appropriate cells. In this article,
histological and image evaluation were applied to compare the cartilage restoration by tissue
engineering and cell therapy from mesenchymal stromal cells derived from the synovial membrane
and dental pulp.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Cartilage injuries and osteoarthritis are very prevalent amongst the global population and
considered a public health problem, as they are highly disabling, represent an economic burden for
health systems and due to the expected growth of the elderly population, a group that is mainly
affected by these pathologies. (Curl et al., 1997; Flanigan et al., 2010; Perera et al., 2012)

Cartilage defects can generate several complications for the individual, such as changes in the
biomechanics and homeostasis of the joint, injuries to the adjacent subchondral bone, loss of mobility,
degeneration and knee osteoarthritis directly affecting the quality of life. For this reason, the study of
new therapies for cartilage lesions is of high clinical relevance. (Gomoll et al., 2010; Showery et al.,
2016)

Tissue engineering has risen in the past decades as a multidisciplinary field that can restore,
maintain or improve organs and tissues’ functions by developing biological substitutes and taking
into consideration appropriate cell selection, inductor factors and biocompatible scaffolds.(Langer &
Vacanti, 1993; Dominici et al., 2006; Kuo et al., 2006)

Mesenchymal stromal cells (MSC) have received increased attention in recent research for
several reasons, including ease of collection, capacity for cell proliferation and differentiation, and
immunomodulatory capacity to regulate local articular joint environment. They can be isolated from
different tissues such as bone marrow, adipose tissue, synovial membrane, dental pulp, among
others. (Ando et al., 2008)

Dental pulp stromal cells (DPSCs) have the ability to differentiate into chondroblasts and
osteoblasts, suggesting that this type of cells is useful for the treatment of bone and chondral injuries.
In addition, they are easy to collect, have multipotentiality, capacity for self-renewal, and
demonstrate greater proliferative and immunomodulatory capacity in comparison to bone marrow
MSCs. (Bueno et al., 2018; Gronthos et al., 2002; Kerkis et al., 2012; Hilkens et al., 2013; de Mendonca
et al., 2008)

Synovial membrane stromal cells (SMSCs) have high chondrogenic potential compared to MSCs
isolated from bone marrow, can be easily accessed through routine arthroscopy, and can be harvested
with minimal complications in the donation area. (Fernandes et al., 2018; Kubosch et al., 2019)

Furthermore, when it comes to local cell delivery, a scaffold-free technology known as tissue
engineering construct (TEC) has been considered a potential delivery system. TEC is composed of
extracellular matrix synthesized by themselves, does not use external scaffolds that could interfere
with cell adhesion and incompatibility, and forms a three-dimensional structure. (Ando et al., 2018)

The purpose of this translational study with medium-sized pigs is to compare the cartilage
restoration from MSCs from the synovial membrane (SM) and dental pulp (DP), by tissue engineered
treatment using the Good Manufacturing Practices techniques.(Pinheiro et al., 2019)

2. Methods

2.1. Experimental Design

This is a controlled experimental study carried out on 14 brazilian miniature pigs, totaling 28
surgeries, two knees per animal. Outcomes were measured 6 months after surgery.

This project was submitted and approved by the Ethics and Scientific Committee of the Hospital
das Clinicas, University of Sao Paulo (protocol: CAPPesq n® 15428, IOT n® 1216) and by the Ethics
Committee on the Use of Animals of the Hospital Sirio Libanés (approval number: CEUA P 2017-05).
All patients signed informed consent forms for synovial and fat-pad discarded tissue usage in
research. All these methods were better described in a previous article. (Santanna et al., 2022)

2.2. Harvesting, Isolation, and Expansion of MSCs

MSCs were harvested from the synovial tissue of human knees and dental pulp of deciduous
teeth.

d0i:10.20944/preprints202410.0013.v1
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The synovial tissue was harvested from the human knee and included seven patients who
underwent arthroscopic surgery for anterior cruciate ligament or meniscus injuries. Exclusion criteria
included patients with previous history of surgery, infection, inflammatory arthritis and pregnant
women. (Fernandes et al., 2018)

A sample up to 1g of synovia was stored in a 50ml falcon flask containing saline solution 0.9%
and was sent immediately to the Cell Processing Laboratory at Hospital Sirio Libanés (Sao Paulo,
Brazil) and processed up to 6 hours after harvesting. (Fernandes et al., 2018)

The dental pulp was collected from the deciduous tooth of seven healthy children that lost them
spontaneously and would be discarded. The samples were sent immediately to the Cell Processing
Laboratory at Hospital Sirio Libanés (Sao Paulo, Brazil) and processed on average 15 hours after
collection. (Pinheiro et al., 2019)

The MSC were cultured until they reached 70% to 80% confluence of the entire area of the culture
plate. After reaching this confluence, the MSCs were expanded until they reached the number
required for the experiment. (Pinheiro et al., 2019)

The MSC samples were processed, cultured and plated separately in a Good Manufacturing
Practice (GMP) Laboratory for human usage, following the directives elaborated by the national
regulatory authority, ANVISA. (Pinheiro et al., 2019)

The SMSCs and DPSCs were characterized by flow cytometry between passages four and five
and were induced in vitro into osteogenic, chondrogenic and adipogenic differentiation to confirm
their multipotential capacity. (Pinheiro et al., 2019; Fernandes et al., 2018).

2.3. TEC Development

After cell culture, the SMSCs and DPSCs were plated on a 12-well culture dish at a density of
4.0x10"5 cells/cm”2 in the culture medium with 0.2 mM ascorbic acid 2-phosphate (Asc-2P; Sigma-
Aldrich, St. Louis, MO). After approximately 15 days, the cell constructs and extracellular matrix
synthesized by themselves were detached from the substrate by applying shear stress using a pipette.
The separate constructs were left in suspension to form a three-dimensional structure by active tissue
contraction. This tissue was called tissue engineering construct, TEC, composed of cells and
extracellular matrix. (Ando et al., 2018)

2.4. Animal Model and Surgical Technique

Fourteen female miniature pigs named BR-1, with a skeletal age compatible with sexual maturity
(8 to 12 months) and weighing 19 to 22 kilograms (Minipig Pesquisa e Desenvolvimento, Ltda.,
Campina do Monte Alegre, SP, Brazil) were used in the present study. (Santanna et al., 2022)

Information on the characteristics, care, and procedures related to animals was collected
following the ARRIVE Guidelines Checklist (Kilkenny) and kept in a digital repository, REDCAP
(Harris et al., 2009).

The animals were induced for general anesthesia and placed on the operating table. At the time
of surgery and in a randomized manner, the surgeon was informed which side would receive the
TEC, and which would only have a defect. (Santanna et al., 2022)

A full-thickness cartilage defect measuring 6 mm (Figure 1) in diameter was performed in the
loading area of the medial femoral condyle, on the two hind limbs of each animal. Following, the
TEC was placed into the defect. (Murray et al., 2010)

d0i:10.20944/preprints202410.0013.v1
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Figure 1. Full-thickness cartilage defect measuring 6 mm.

The animals were treated post-operatively. At 6 months after surgery, the animals were
euthanized and the hind limbs were disarticulated. (Santanna et al., 2022)

2.5. Evaluation Methods

2.5.1. Magnetic Resonance Imaging

A 7-tesla high-field magnetic resonance imaging (MRI) scanner (Magnetom 7 Tesla, Siemens
Healthcare, Germany) with a head coil with 1 transmission channel and 32 receiving channels (Nova
Medical, Inc.) was used for imaging at PISA Project (Faculdade de Medicina USP). Images were
collected from both knees of the 14 animals using two sequences. (Goebel et al., 2014; Trattnig et al.,
2009)

The first sequence performed was the 3D double echo steady state (3D-DESS) for morphological
evaluation. The parameters applied were the following: repetition time (TR) = 12.2 ms, echo time (TE)
=4.1 ms, fractional anisotropy (FA) =25° voxel = 0.4 x 0.4 x 0.4 mm"3, field-of-view (FoV) =192 x 256
mm, slice thickness 0.4 mm, acquisition time 10:52 minutes). (Goebel et al., 2014; Trattnig et al., 2009)

For these acquired images, sagittal and coronal views were used and articular cartilage repair
tissue was evaluated using Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART)
3D score. The score uses 11 categories to classify cartilage repair, ranging from 0 (no repair) to 100
points (complete repair of the cartilage defect).

The second sequence was the spin-echo with multiecho to evaluate the water and collagen fiber
composition of the cartilage based on T2 mapping creation using Image] software (National Institutes
of Health). The parameters were the following: TR = 10000 ms, 18 echos, TE=9 /18 /27 /336 /45 /54
/63/72/81/90/99/108 /117 /126 /135 /144 /153 / 162; voxel = 0,6 x 0,6 x 2,0 mm"3, FoV 93 x 229
mm, slice thickness 2,0 mm, acquisition time 18:44 minutes). (Domayer et al., 2008; White et al., 2006)

For these acquired images, three consecutive sagittal sections were selected from each knee. In
each section, one area of interest was selected representing the cartilage defect untreated and treated
with the implantation of the TEC, and another was selected representing the intact chondral tissue
(adjacent cartilage). After selecting the areas, the average T2 value was measured in each section of
each knee. (Domayer et al., 2008; White et al., 2006)

Another assessment carried out was the mean T2 value measurement of the deep and superficial
areas of the previously selected areas of interest. (White et al., 2006)
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2.5.2. Histological Evaluation

After MRI evaluation, both knees were dissected and subjected to histological evaluation in
order to analyze the quality of the cartilage repair. A block around the defect measuring
approximately 1.5 x 1.5 x 1.5 cm was cut and the tissue was fixed in 4% paraformaldehyde (PFA) and
decalcified with ethylenediamine tetra-acetic acid (EDTA). The sections were prepared with a
thickness of 4um and stained with hematoxylin and eosin (HE). Two sections from each animal were
stained with toluidine blue to evaluate the color concentration of the extracellular matrix. (Manil-
Varlet et al., 2010)

The ICRS-2 scoring system (Figure 2) was used to assess the articular cartilage repair tissue and
assigned a score for each of the 14 categories evaluated in the system, from 0 (worst result) to 100
points (best result).

Histological Parameter Score
1. Tissue morphology (viewed under polarized light) 0%: Full-thickness collagen fibers
100%: Normal cartilage birefringence
2. Matrix staining (metachromasia) 0%: No staining
100%: Full metachromasia
3. Cell morphology 0%: No round/oval cells
100%: Mostly round/oval cells
4. Chondrocyte clustering (4 or more grouped cells) 0%: Present
100%: Absent
5. Surface architecture 0%: Delamination, or major irregularity
100%: Smooth surface
6. Basal integration 0%: No integration
100%: Complete integration
7. Formation of a tidemark 0%: No calcification front
100%: Tidemark
8. Subchondral bone abnormalities/marrow fibrosis 0%: Abnormal
100%: Normal marrow
9. Inflammation 0%: Present
100%: Absent
10. Abnormal calcification/ossification 0%: Present
100%: Absent
11. Vascularization (within the repaired tissue) 0%: Present
100%: Absent
12. Surface/superficial assessment 0%: Total loss or complete disruption
100%: Resembles intact articular cartilage
13. Mid/deep zone assessment 0%: Fibrous tissue
100%: Normal hyaline cartilage
14. Overall assessment 0%: Bad (fibrous tissue)

100%: Good (hyaline cartilage)

Figure 2. ICRS-2 - Scoring system for histological assessment of cartilage tissue repair. Adapted from
Mainil-Varlet et al., 2010.

2.6. Statistical Analysis

Quantitative variables with normal distribution were described by measures of central tendency
and dispersion (mean and standard deviation).

ANOVA analyses followed by post-hoc Bonferroni were used to compare the values obtained
from the MOCART 3D system score and the ICRS-2 score. This test was used as the knees compared
were from the same pigs, and were subjected to the same external stimuli.

ANOVA analyses were also used to compare the mean T2 values of the areas of interest,
chondral defect and adjacent cartilage, and the T2 values from the deep and superficial regions in
each area.

The correlation between the different scoring systems (MOCART and ICRS-2) was measured
with the Pearson correlation coefficient. The Software Sigmaplot (Systat Software, Inc., San Jose, CA,
USA) was used in the calculations. The level of statistical significance adopted was equal to 5%, that
is, the test results were considered statistically significant when p<0,05.
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3. Results

3.1. Characterization of MSC Strains

The cell characterization by flow cytometry and in vitro induction confirmed the
multipotentiality of cells derived from the SM and DP, since they differentiated into osteogenic,
chondrogenic, and adipogenic strains. In addition, MSC showed positive reactions for mesenchymal
markers (CD29, CD44, CD73, CD105, CD90, and CD166) and negative reactions to hematopoietic
(CD34 and CD45) and endothelial markers (CD31).

3.2. Magnetic Resonance Imaging

Morphological assessment of cartilage repair with the MOCART 3D score showed that cartilage
repair in knees subjected only to the cartilage defect presented a mean MOCART value of 46.2 with
standard deviation of 13.4. The group treated with TEC from SM had a mean MOCART value of 65.7
with standard deviation of 15.5 (p<0.05) and from the DP the mean value obtained was 59.0 with
standard deviation of 7.9 (Figure 3).

120 -

100 —
80 —
60 — =

40 -

MOCART 3D

20 -
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[ I |

Defect Treatment Treatment
Only Dental Pulp Synovial

Figure 3. Overall assessment score values in MOCART 3D score for the groups defect only
(untreated), treated with TEC from the dental pulp and from the synovial, showing a significant
difference (p<0.05) between the defect group and the group treated with TEC from the synovial.

Cartilage composition was assessed with T2 mapping, showing a mean value of T2 of 54.9 with
standard deviation of 1.9 in the native cartilage. The untreated group exhibited a mean T2 value of
50.9 with standard deviation 2.4 (p<0.05). No difference was found between the native cartilage and
the treated groups. The mean T2 value from the group treated with TEC from the SM was 54.31 with
a standard deviation of 2.07, and from the DP was 54.54 with standard deviation of 1.47 (Figure 4).
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Figure 4. Mean T2 values of the groups from native (adjacent cartilage), defect only (untreated),
treated with TEC from the dental pulp and from the synovial. There was a significant difference*
(p<0.05) between native cartilage and defect only groups.

When measuring the T2 value by zones of the native cartilage and in the groups that received
treatment with TEC of the PD and SM, there was a decrease comparing the value of the superficial
zone and the value of the deep zone. On the other hand, when analyzing the defect group, there was
a small increase from the superficial zone to the deep zone, with no significant difference.

The T2 value (Mean *+ Standard Deviation) obtained in the superficial zone of the native cartilage
(n=12) was 59.3 + 2.4 and in the deep zone was 50.7 + 2.9 (p<0.001). Considering the DP group (n=6),
the mean T2 value was 57.5 + 2.7 for the superficial zone and 51.6 + 2.0 for the deep zone (p < 0.05).
For the SM group (n=6), the mean T2 value was 57.1 + 3.9 for the superficial zone and 51.5 + 2.0 for
the deep zone (p < 0.05). The defect group (n=12) presented a mean T2 value of 50.5 + 4.9 for the
superficial zone and 51.4 + 2.6 for the deep zone.

3.3. Histological Evaluation

The quality of the tissue and its intrinsic characteristics were assessed by the ICRS-2 score system
(Table 1). The untreated group presented a mean value 42.1 with standard deviation of 14.8. The
group with TEC from SM had a significant difference in comparison to the untreated group and
presented a mean value of 64.3 with standard deviation of 19.0 (p<0.05). The group with TEC from
DP presented a mean value of 54.3 with standard deviation of 12.2 (Figures 5-7).

Table 1. ICRS-2 Parameters from dental-pulp, synovial membrane and control groups.

ICRS-2 Parameters Dental-Pulp Synovial Control P
1. Tissue morphology
(viewed under 55.7+14 67.1+17.0 39.3+24 * p<0.05
polarized light)
2- Matrix Staining 68.3+20.4 86.7 + 8.2 5924264  ns.
(metachromasia)
3. Cell Morphology 433 +12.1 65.7+25.1 479 +28.1 n.s.
4 Chondrocyte 783+11.7 907+117  858+124 ns.

clustering
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5. Surface architecture 65.7+22.3 58.6 +25.5 43.8 +21 n.s.
6. Basal integration 100+0 92.9+189 62.9£434 n.s.
7. Formation of a 55.8 +33.5 72.9 +34.5 60.8 +24.2 n.s.
tidemark
8. Subchondral bone
abnormalities/marrow 36.7 £40.3 61.4+37.2 43.5+26.9 n.s.
fibrosis
9. Inflammation 83.3+18.6 971+7.6 88.8 +27.4 n.s.
10. Abnormal
calcification/ossificatio 84.3+354 100+ 0 985+55 n.s.
n
11. Vascularization
(within the repaired 81.7+214 91.4+227 90.8 +27.5 n.s.
tissue)
12. Surface/superficial 60 + 30 67.1+21.4 443+22.7 n.s.
assessment
13. Mi
3- Mid/deep zone 35+ 38.9 57.1+33 40+19.1 n.s.
assessment
14. Overall assessment 54.3+12.2 64.3+£19 42.1+14.8 * p<0.05

Note: *Control vs Synovial Membrane, post-hoc Bonferroni; n.s. = non-significant.
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Figure 5. Mean value of the overall assessment of cartilage repair using the ICRS-2 histological score
for the groups defect only (untreated), treated with TEC from the dental pulp and from the synovial.
A significant difference* (p<0.05) was found between the defect-only group and the group treated
with TEC from the synovial.
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Figure 6. Histological evaluation of (A) defect only in posterior knee; (B) defect treated with TEC from
synovium in posterior knee.

Figure 7. Histological evaluation of (A) defect only in posterior knee; (B) defect treated with TEC from
dental pulp in posterior knee.

4. Discussion

This pre-clinical study showed better results in the SM group when compared to control in MRI
and histological analysis. In addition, SM was better compared to the DP group considering only MRI
assessment. This study compares the cartilage restoration using a scaffold-free tissue engineering
construct (TEC) between SM- and DP-derived MSCs.

Ando et al. (2008) and Shimomura et al. (2010) first reported the feasibility of creating scaffold-
free approaches for chondral repair, testing in a swine model with MSCs from the SM. In contrast,
the present study is known to be the first to use MSCs from DP and SM to create the TEC and to
report the data from histological and imaging evaluation.

Magnetic resonance imaging is a non-invasive imaging method that can assess the quality of
hyaline cartilage. The results from animal model study can easily be translated into future clinical
studies.

Recently, after conducting a pilot study in humans, Shimomura et al. (2023) reported the clinical
outcomes and magnetic resonance imaging (MRI) findings 5 years after implantation of the TEC,
highlighting its improvement over the years and confirming its efficacy and feasibility.

Using the MOCART 3D score system, Shimomura et al. (2023) presented a mean value (Mean +
Standard Deviation) of MOCART of 82.0 + 13 in the group treated with TEC, with a slight decrease
compared to the study from 2 years follow-up, but with an increase comparing with the 6 months
follow-up and still maintaining a high score. No control group was used. (Shimomura et al., 2018)

The present study, similarly, showed better results in the group treated with TEC in comparison
to the defect group, in addition to having a significant difference considering the MSCs from the SM.
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However, the average value of the MOCART 3D score was lower, 65.7 from the SM and 59.0 from
the DP. This may be related to the evaluation time, which is 5 years in the study conducted by
Shimomura et al. compared to 6 months of evolution in the present animal study.

Yamasaki et al. (2019) also reported a higher MOCART 2D score in the intervention group
compared to the defect only, after 6 months of implantation of a tridimensional bioprinted scaffold-
free technology. The mean value of the MOCART 2D score obtained was 45.8 in the implanted group
and 20.0 in the control group, with statistical difference. This study used adipose tissue-derived cells.

MRI is sensitive to specific changes in chemical composition and structure of cartilage even
before severe morphological changes and T2 mapping is a technique to assess this aspect and
complement morphological evaluation. (Trattnig et al., 2009; Crema et al., 2011; Hayashi et al., 2018)

As occurred in the present study, Theruvath et al. (2021) and Shimomura et al. (2018) found a
significant difference in the T2 value between the defect-only group and healthy or native cartilage.
Shimomura et al. (2018) also evaluated the T2 mapping throughout time, 6 and 24 weeks after
surgery, demonstrating that variations in T2 values occur and might be associated with maturation
of the repair tissue over time.

In addition, in the present study, the mean T2 values between native cartilage and the tissue
formed by TEC from both groups were close after 6 months, indicating similar compositions.

Differences between T2 values in the cartilage zones indicate composition variations of the
cartilage tissue, in which a high T2 value found in the superficial zone is associated with a higher
water concentration. White et al. in an equine model study demonstrated that the superficial region
presented a higher T2 value than the deep region, the same pattern found in the present study with
the groups from native cartilage and TEC treatment derived from DP and synovium.

Shimomura et al. obtained no significant difference when calculating the T2 values in different
areas, even after 2 years of treatment. The difference was found only in the histological assessment.
Other authors, such as Welsch et al. (2008); Schreiner et al. (2020) and Shiomi et al. (2013) used the
measurement of the mean T2 value by zones to evaluate chondral repair, as it provides additional
information.

Histological analysis can complement the findings from cartilage imaging evaluation and also
correlates with them, since it provides data on intrinsic characteristics of the tissue and its quality.
(Goebel et al., 2014)

Ando et al. (2007) evaluated the histology based on the ICSR 1 in a swine model after 6 months
of surgery, comparing the group that received TEC from SM MSCs and the defect group. Similarly
to the present study, the histological repair score in the intervention group was significantly better
than that of the untreated group.

Shimomura et al. (2018) assessed the histology of the repair tissue using ICRS 2 on patients that
received TEC treatment, 48 weeks after surgery. Despite not having a control group, the TEC
implanted group presented a mean value of 80.0 + 11.0

The ICRS-2 mean value was 42.1 + 14.7 in the untreated group, 64.2 + 19.0 in the group with TEC
from SM (p<0,05) and 54.2 + 16.1 from DP.

The average value of the ICRS 2 score was lower in the present study, in which a mean score of
54.2 was obtained from the group treated with MSC from the DP, 64.2 from the SM with significant
difference in comparison to the defect group that presented a mean value of 42.1. This difference may
also be related to the evaluation time, since the present study analyzed the tissue 6 months, almost
26 weeks, after surgery, whereas Shimomura et al. (2018) assessed after 48 weeks.

Gardner et al. (2019) conducted a study using tissue engineering as an intervention and
evaluated the histology using ICRS 2 score system, comparing with the group that haven’t received
any treatment. After 6 weeks of surgery, no significant difference was found. However, after 12
weeks, there was a significant improvement in the values.

Mesenchymal stromal cells derived from the dental pulp have been studied for several
applications, mainly for bone conditions such as alveolar clefts (Pinheiro et al., 2019; Bueno et al.,
2019; Bai et al., 2023). These cells are easy to collect and can be obtained with minimal donor site
morbidity and iatrogenic damage. There are few studies on its use for cartilage injuries and
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osteoarthritis and most of them demonstrated the capacity of this local site for the purpose of cartilage
repair. However, no studies were found regarding the comparison of DPSC and SMSC. (Fariborz et
al., 2023; Fu et al., 2023; Lo Monaco et al., 2020)

One of the limitations of this study is the absence of male animal models. It was decided to use
female animals in the research project as part of the strategy to characterize the presence of donor
cells.

This study presented an active pharmaceutical ingredient derived from tissue engineering
therapeutic option known as TEC, for a highly prevalent condition with a high impact on public
health. As it does not require an external scaffold, it is safer and can reduce the costs of treating
cartilage injuries. As future steps, phase I/II and "first in human" clinical trials may be carried out.

5. Conclusion

TEC derived from SM led to superior cartilage coverage and quality compared to the defect
group in MRI and histological analysis. In the MRI assessment, both DP and SM groups showed
better results in comparison to the defect group. In the histological assessment, TEC from SM
demonstrated better results than the defect group and had no difference to the treatment with TEC
from the DP.
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