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Abstract 
 
BACKGROUND: Cell therapy in tendonitis is applied to shorten the period of the healing 25 

process of tendon tissue and also functional properties. Almost, whole types of stem cells have 
the extensive potential of differentiating from the recipient cells after transplantation. 
OBJECTIVE: Main goal of this study is based on the comparison of two sources of 
mesenchymal stem cells on tendon regeneration. 
METHOD: In this study, 32 New Zealand rabbits were divided into four groups, randomly. The 30 

bacterial collagenase was induced at the superficial digital flexor tendon (SDFT) of all rabbits 
and the treatment was performed 48 hours after collagenase induction. Group 1 treated with 
allogeneic bone marrow mesenchymal stem cells (BMMSCs). Group 2 was treated with adipose-
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derived stem cells (ADSCs) from the patellar ligament fat pad. Group 3 (sham group) was 
treated with normal saline 0.9% and group 4 (control group) was left with no treatment. All 35 

rabbits were euthanized after two and four weeks of surgery and tendon samples were harvested. 
The histopathology was assessed by hematoxylin-eosin, Masson's trichrome, and Vangieson’s 
dye and tendon structure, fiber arrangement, cell nuclei, tissue inflammation, vascularity 
(angiogenesis), and density were surveyed. 
RESULT: The tendon healing process in the BMMSC and ADSC groups revealed better 40 

regeneration than control and sham groups, significantly (P ≤ 0.05). There were significant 
changes in some microscopic parameters between group BMMSC and groups ADSC (P ≤ 0.05). 
CONCLUSION: According to the present study, the injection of mesenchymal stem cells 
(BMMSCs or ADSCs) showed beneficial results in tendon tissue healing. Furthermore, ADSCs 
depicted better regeneration of the injured tendon tissue than BMMSCs. 45 
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Introduction 50 

 
Nowadays, stem cell therapy is one of the best approaches for curing the injured tissue of both 
humans and animals (Oryan and Sahvieh, 2017). Stem cells are potential cells that could be 
harvested from any organs such as bone marrow, peripheral blood, connective tissues, etc. 
(Oryan et al., 2020;Sahvieh et al., 2021). The exogenous stem cell therapy is performed by 55 

adding these cells to the injured area for a more therapeutic effect and stimulating the bio-
modulatory action and cell secretions (Oryan and Sahvieh, 2021). The stem cells cause the 
stimulation properties and activation effect (Oryan et al.,2021) and there are many sources such 
as bone marrow mesenchymal stem cells (BMMSCs), adipose-derived stem cells (ADSCs), 
peripheral blood mononuclear cells (PBMCs), and Wharton’s jelly stem cells (WJ-SCs) (Oryan 60 

and Sahvieh, 2020; Oryan et al., 2022). Stem cells have immune modulation advantages, and 
tissue tropism with the angiogenic and anti-apoptosis effect which warranty the tissue 
regeneration better (Mardpouret al., 2019;Abatet al., 2018). Stem cells are used for the treatment 
of acute tendonitis and they could differentiate into tenocytes (Liuet al., 2017). Most tissues that 
are replaced in clinical cell therapy are muscle, tendon, bone, and cartilage (Von Bahret al., 65 

2012). These multipotential cells modulate the inflammatory responses in the injured tissue, 
stimulate specific factor secretions, and differentiate into the host cells. Although, the paracrine 
activity of MSCs participates in the healing process (Marcucioet al., 2015). However, the MSC 
mechanisms in the body have not been distinguished completely, but these cells are an 
interesting therapeutic in clinical trials and have been used by allogenic and exogenous sources 70 

for regenerative therapy (Berebichez-Fridmanet al., 2017;Lukomskaet al., 2019).  Clinical 
investigation showed that stem cells are able to improve histological and biomechanical 
properties in various animal models (rabbits, rats, sheep, and horses) after tendon damage caused 
by surgical manipulation or collagenase administration (Dochevaet al.,2015; Martinelloet al., 
2013).  75 

The aim of present study was evaluation of the healing effects of bone marrow mesenchymal 
stem cells and adipose-derived mesenchymal stem cells harvested from the patellar fat pad on 
experimental tendonitis in New-Zealand rabbits.  
 
Materials and Methods 80 

 
Bone Marrow Mesenchymal Stem (stromal) cells from bone marrow sampling (BMMSCs) 
A bone marrow sample was taken from a healthy young male rabbit. The tuber of ischia was 
prepared surgically and bone marrow was harvested gently by fine needle aspiration (FNA). The 
whole bone marrow was referred to the hematology department of Kerman Medical University. 85 

The density gradient centrifugation was used for the pre-enrichment of mononuclear cells to 
improve the recovery of rare stem cells. For this purpose, acid citrate dextrose (ACD)-treated 
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blood was centrifuged at 3500 rpm for 20 min. The obtained buffy coat was diluted (1:1) with 
phosphate-buffered saline (PBS, pH 7.4, Gibco, BRL) and layered on the FicollPaque solution 
(Biosera, France). After centrifugation at 1500 rpm for 15 min, the isolated mononuclear cells 90 

were plated out in Dulbecco’s Modified Eagle’s Medium (DMEM-F12) (Gibco, BRL), 15% FBS 
(Fetal Bovine Serum) (Gibco, BRL), and 1% penicillin-streptomycin antibiotic (Gibco, BRL) at 
a seeding density of 10 × 10⁶ cells per cell-culture dish. The culture medium was changed every 
2 days and suspended cells were discarded after each medium exchange. Then the supernatant 
was aspirated and cells were harvested by centrifugation. The final pellet was transferred into 95 

one dish containing DMEM-F12, FBS (15%), and antibiotics. Three passages were performed 
using the trypsin enzyme (Gibco, BRL) (17). 
 
Adipose-derived Stem cells from Patellar ligament fat pad sampling (ADSCs) 
Adipose tissue from the patellar ligament fat pad was isolated completely by surgical procedure 100 

to isolate. However, the patellar ligament fat pad could be harvest by FNA from the caudal part 
of the patellar ligament or proximal region of tibia tuberosity. In this study, the tissue was fully 
exposed and isolated for cell culture to get more cells. The adipose tissue was immersed in PBS 
solution and transported to the cell culture laboratory on ice. Fat tissue was extracted and 
digested in a solution of 1 to 3 mg/mL collagenase/dispoase for 20 minutes at 37°C and then 105 

centrifuged at 1200 rpm for 5 minutes. Cell suspensions were seeded in 60 mm culture dishes 
(FBS), 100 U/mL penicillin-G, 100 μg/mL streptomycin, and 1 μg/mL Amphotrypsin B and 
incubated at 37°C in 5% CO2. The medium was replaced every three days. The stem cells were 
passaged three times, 1:5 with 0.25% trypsin/1 mM EDTA (Ethylenediaminetetraacetic acid) 
every five days (Pouret al., 2021). 110 

 
Animals Model and groups selection 
Thirty-two male New Zealand white rabbits, eight-month-old, weighing 2.0 ± 0.5 kg, were 
housed in separate cages and fed a standard diet. All the procedures were conducted following 
the supervision of the Ethics Committee of the Faculty of Veterinary Medicine, Shahid Bahonar 115 

University of Kerman. All surgical procedures were carried out in the teaching hospital of the 
veterinary faculty of the Shahid Bahonar University of Kerman. The Stem cells were prepared at 
the Paramedical College of the Afzalipour Medical Science University of Kerman.  
The animals were randomly divided into four equal groups and had different therapies 48 hours 
after collagenase induced tendonitis (groups 1, 2 & 3).  120 

Group 1: treatment by BMMSCs (Bone Marrow Mesenchymal Stem Cells) (n=8),  
Group 2: treatment by ADSCs (Adipose-derived Stem Cells) (n=8),  
Group 3 (control): collagenase injected (n=8),  
Group 4 (sham): normal tendon treated only by Normal Saline %0.9 solutions (n=8). 
 125 

Stem cell therapy procedure and Cell implantation 
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All the animals were anesthetized by intramuscular administration of 40 mg/kg Ketamine 
hydrochloride (Alfasan International, Woerden, the Netherlands) and 5mg/kg Xylazine (Alfasan 
International, Woerden, the Netherlands). The Achilles complex region of animals was prepared 
surgically. Type I collagenase (Sigma-Aldrich #C0130-5G, 0.29 unit per mg) was filtered, 130 

sterilized, and distilled at a dose of 0.3 mg (0.1 IU per 0.1 ml distilled water), and injected into 
the core of SDFt,  at a distance of 12.5 mm far away from the calcaneal tuberosity of each rabbit 
on the left hind limbs. Depth of injection was considered 2 mm and limited by sterile silicone 
separator on top of insulin needle. 
Two days after the first injection, the specific factors included pain, warming of the position, 135 

swelling, , reluctance to walk, and screaming during touch was surveyed. The stem cells after 48-
hour induction of tendonitis were injected to the same point under general anesthesia, and 
sampling was performed two and four weeks after stem cell therapy. The volume of injection 
was 0.4 ml consisting of 1×106 count of cells. 
 140 

Sampling and histopathology 
The tendon samples were harvested after two and four weeks after the cell injection period. The 
whole area of the Achill complex was resected gently, and tendon tissue was successfully fixed 
in 10% buffered formalin. Then samples were then embedded in paraffin and as a 5 microns 
thickness at the center of the injection site longitudinally and prepared and stained by 145 

Hematoxylin-Eosin, Masson's trichrome, and Vangieson’s dye. Light microscopic evaluations 
were performed by Olympus BX51, (Olympus Optical Co., Tokyo, Japan) (Ninget al., 2022). 
In the current study, six histopathologic parameters of tendon quality including fiber 
arrangement, fiber structure, inflammation, nuclear rounding, angiogenesis, and cell density were 
investigated. Histopathological scoring system for grading of the tendon repair was used based 150 

on Carvalho et.al study (table 1) (Carvalho et al., 2013). 
 
Statistical analysis: 
All data were analyzed by SPSS version 17 (SPSS Inc, Chicago, USA) using non-parametric 
ANOVA at the level of significancy of  P≤0.05. When the differences were significant, pair-wise 155 

group comparisons were performed by Mann–Whitney U test. The histopathological data are 
showed in Table 1. 
 
Results 
 160 

Histopathologic evaluation of BMMSCs and ADSCs cell implantation after two weeks 
 
In Normal Saline (sham) group, there were no microscopic changes like structure, round nuclei, 
inflammation, vascularity, and cell density. However, there were some changes in the fiber 
arrangement.  165 



   

 

 

6 

 

 

 

The control group showed degeneration, disruption of the normal linear orientation of collagen 
bundles, and obvious fiber fragmentation at the injection site. The ruptured area of the tendon 
was filled with loose to semi-dense connective tissue in an irregular pattern and a small amount 
of extracellular matrix. An increased number of rounded cells and vascularity was observed. 
Infiltration of inflammatory mononuclear cells was seen in tissues around the tendon 170 

(peritendonitis) (Figure 1c). The median total score of the lesion in control group was 16 (range: 
16 to 16), showing a significant difference in comparison with both treatment groups (P  < 0.05) 
(Table 1).  
In the BMMSC treatment group, the affected areas were filled with connective tissue that was a 
wavy arrangement in some samples. The abundant proliferation of tenocytes with rounded nuclei 175 

was seen. Cellularity qualification was more than the sham, control, and ADSC treatment 
groups. Inflammatory cells were mostly lymphocytes in the tendon and, the surrounding tissues. 
Angiogenesis had occurred at the repairing site. The average histopathology scores for fiber 
structure and arrangement had significant differences with the sham and control groups. The 
rounding of nuclei was similar to the control group and showed a significant difference with the 180 

ADSC group (P < 0.05) (Figure 1). The total score median of the lesion in the BMMSC group 
was 13.5 (range: 13 to 15) (table 2). 
The ADSC treatment group in various histopathologic parameters was superior to the BMMSC, 
sham and control groups. A significant difference in comparison with the control and BMMSC 
groups was observed in the frequency of rounding nuclei. Also, fiber structure and arrangement 185 

showed significant differences in comparison with the sham and control groups (P < 0.05). The 
total histopathologic score in this group was 11 (range: 10 to 15)(table 2). 
Statistical analysis at week 2:  
There was no significant difference between the BMMSCs group and ADSCs according to the 
pathologic parameters including structure, arrangement, inflammation, vascularity, and density 190 

(P > 0.05). There is a significant difference in cell nuclei parameters between treatment groups 
(P ≤ 0.05). Total parameters were different, significantly in both treatment groups (P ≤ 0.05). 
There was a significant difference in structure and arrangement parameters between the untreated 
group and all treatment groups (P ≤ 0.05) but, there was no significant difference in 
inflammation, vascularity, and density parameters between the untreated group and all treatment 195 

groups (P > 0.05). Nuclei changes had a significant difference between the ADSCs group and 
control group (P ≤ 0.05) but there was no significant difference between the BMMSCs group and 
control group (P > 0.05). Total evaluation in two weeks showed a significant difference between 
the control and treatment groups (P ≤ 0.05) (table 2). 
 200 

 
Histopathologic evaluation of BMMSCs and ADSCs cell implantation after four weeks 
All parameters in the sham group had no changes after four weeks of microscopic evaluation and 
had significant differences compared with the other groups (Figure 2c) (P < 0.05). 
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The amount of disorganized collagen with moderate angiogenesis in the affected area was 205 

increased in the control group after four weeks of induction of tendonitis. There was no special 
pattern in the collagen fibers. The infiltration rate of lymphocytes, angiogenesis, and rounded 
nuclei was reduced in comparisons to the second week after collagenase injection in this group. 
The median total histopathologic score was 13 (range: 11-15) which showed a significant 
difference with the ADSC group (P < 0.05) (table 2). 210 

The site of repair in the BMMSC and ADSC treatment groups revealed less cellularity compared 
with the second week after induction of tendonitis. The rounded nuclei were reduced and 
replaced with spindle-shaped nuclei (Figure 2). Collagen fibers with the wavy pattern were 
oriented longitudinally and  parallel with each other. Better organization and maturation could be 
seen in the ADSC group as indicated by H&E and more intense Masson’s trichrome staining. All 215 

six histopathologic parameters in the ADSC group improved in comparison with the control and 
BMMSC groups (Figure 2) and showed a lower score (median: 8.5, range 8-10) (P < 0.05) (table 
2). 
Statistical analysis at week 4:  
There was no significant difference between treatment groups (BMMSCs and ADSCs) and the 220 

other groups (sham and control) as pathologic parameters including arrangement, nuclei, 
inflammation, vascularity, and density (P > 0.05). The tendon structure parameter showed a 
significant difference between the BMMSCs group and the ADSCs group (P ≤ 0.05). Also, total 
parameters had a significant difference in both treatment groups (BMMSCc and ADSCs) (P ≤ 
0.05). Both treatment groups in comparison with groups  sham and control, had no significant 225 

difference in nuclei, inflammation, vascularity, and density parameters (P > 0.05), but there was 
a significant difference in tendon fiber arrangements (P ≤ 0.05). For the tendon structure 
parameter, there was no significant difference between the control group and the BMMSCs 
group (P > 0.05), and there was a significant difference between the control group and the 
ADSCs group (P ≤ 0.05). Totally after four weeks, the BMMSCs group had no significant 230 

difference from BMMSCs in two weeks (P > 0.05), and there was a significant difference in the 
ADSCs group between four and two weeks (P ≤ 0.05)(table 2). 
 
Discussion 
Stem cell therapy is used for the treatment of many diseases and extensive defect areas. 235 

Allogeneic stem cells should isolate from the same species, with minimum tissue invasion, and 
less damage to the donor site. In this study, mesenchymal stem cells were harvested from two 
origins. The bone marrow was aspirated from ilial crest, percutaneously with less tissue invasion, 
and the infra-patellar ligament fat pad that is a new and non-invasive source of adipose tissue for 
harvesting. This fat pad is known as Hoffa’s fat pad (Fontanella et al., 2017). The patellar 240 

ligament adipose tissue sampling method is non-invasive approach because the fat pad was 
harvested from craniomedial or craniolateral region of patellar ligament by fine needle aspiration 
(FNA) without skin incision.  It has been stated that the best model for tendon injury and healing 
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investigation belongs the rabbits (Stollet al., 2011). A similar study by Malar and 
colleagues depicted the injection of adipose-derived and bone marrow mesenchymal stem cells 245 

into the injured Superficial digital flexor tendon of athlete horses showed significant changes 
after treatment and mesenchymal stem cells differentiated into the reticular fibers 14 days post-
injection that confirm the results of our study (Malardet al., 2020). In another study, the ADSCs 
are essential sources for tissue regeneration and have been shown to have the potential for 
tenogenic differentiation in vitro through induction of growth differentiation factor 5 (GDF-5). In 250 

addition, tendon repair potential in rabbit models depended on histological parameters, 
immunohistochemical, and biomechanical factors (Chenet al., 2009). Our investigation showed 
that the best tissue for tendon regeneration is the adipose tissue which is easy to isolate and has 
the proper amount of cells for this purpose.  Also, there is no adverse side effect of ASCs in early 
clinical utilization (Zuket al., 2010). In the other study, the author mentioned that ADSCs cells 255 

are easy to isolate, and extracting a substantial amount of ADSC is easier than MSCs. The new 
source of ADSCs showed fewer invasions in comparison to abdominal fatty tissues isolations 
and sub cutaneous sources (Kokubu et al., 2020). ADSCs have the potential to inhibition of 
collagen fibers, increase cellularity in the acute phase, and induction of healing processes in 
acute tendonitis and acute phase of tendinopathies (Oshitaet al., 2016). Also, the researchers 260 

used sutures and ADSCs in the injured site on the flexor tendon of rabbits, and the 
biomechanical properties improved in the early stages of healing (Oshitaet al., 2016). In the 
other study, the injection and suturing of the tendon preferred the scaffolds and bio gels and, 
declared that many factors such as growth factors, angiogenesis factors, and antiapoptotic factors 
impressed the tendon healing and rehabilitation (de Lima Santoset al., 2020). Using ADSc in 265 

tendon healing according to the ADSc combination with vitamin C exhibited normal tendon 
structure, collagen bundles, mature collagen fibers, and low cell density, whereas using ADSc 
alone showed partial healing (Kanget al., 2017). Further, the human ADSc transplantation into 
rat tendon improved tendon healing and, caused tenogenic lineage and, contributed to the rat’s 
protein in the healing site for four weeks after surgery (Lee et al., 2017). The tenogenesis 270 

markers such as collagen type I and III, TNMD (tenomodulin), Biglycan, and tenascin C increase 
in the presence of growth differentiation factor 5 (GDF-5) and GDF-5 (Chen et al., 2021). 
Likewise, other GDFs (GDF-6 and 7) stimulate tendon healing (Eliasson et al., 2008). The 
allogeneic source of stem cells is already available and in a clinical survey, it has been showed 
the healing potential to treat tendonitis in ratmodel (Lee et al., 2015). The bone marrow 275 

mesenchymal stem cells are a suitable cell line for tendon regeneration by the effect of 
proliferation and migration of tendon stem/progenitor cells (TSPCs) (Yu et al., 2020). Vigano et 
al, on 2019 believed that, in tendon disorders micro fragmented adipose tissue on inflamed cells 
and growth factors could role as fibrosis inhibitor and reduce catabolic markers that is the more 
conservative and adjuvant therapy for the treatment of tendon injuries and is equal with the 280 

author's concept (Viganò et al., 2019). Another study on matrix exosome proteins released under 
hypoxic condition (less than 2% oxygen) from tenocytes has multiple signaling pathway of 
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extracellular matrix for repair and regeneration of tendon, that approve our study and result that 
ADSCs in tendon repair has greater role in direct and indirect fashion in comparison with 
BMMSCs (Thankam et al., 2020). Also BMMSCs could regenerate the tendon tissue into the 285 

osteocytes and ectopic ossification, but ADSCs induce neovascularization and inhibit 
inflammation in early phase of tendon injury, so demonstrated as the best source for tendon 
repair (Ramires et al., 2022). 
BMMSCs are the primary source of stem cell therapy, and ADSCs are the second source that is 
used in tissue damage and cell therapy. In this study, tendonitis and tendon injuries treated with 290 

ADSCs showed better regeneration than BMMSCs based upon pathologic factors (fiber 
structure, fiber arrangement, nuclei shape, inflammation, vascularity and cell density). Also, in 
belief of authors the nearest tissue sources of allogeneic or autologous stem cells could provide 
better support and tissue regeneration. This overture could claim by future studies and need more 
investigations in similar or other injured tissues. Further studies could be focused on the 295 

communication of histology of patients, mechanical outcomes of tendon, biochemical 
assessments, and tendon function, and repair. 
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 435  يآلوژن با منشا مغز استخوان و پد چرب ياديبن يهاسلول يمياثرات ترم ياسهيمطالعه مقا

در خرگوش  يسطح يدر تاندون خم كننده انگشت يتجرب تيندونات يكشكك بر رو گامنتيل
 يوزلندين

  
 4، شهرزاد عزيزي 3، عليرضا فارسي نژاد *2اميد آذري ، 1رضا نيكزاد

  440 

  ايران - شگاه شهيد باهنر كرمان، كرمانجراحي دامپزشكي، دان گروه .1
 ايران -گروه جراحي و راديولوژي، دانشكده دامپزشكي، دانشگاه تهران، تهران .2
گروه هماتولوژي و علوم آزمايشگاهي پزشكي، دانشكده پيراپزشكي، دانشگاه علوم پزشكي كرمان،  .3

 ايران - كرمان
 445  ايران - نر كرمان، كرمانگروه پاتوبيولوژي، دانشكده دامپزشكي، دانشگاه شهيد باه .4

  
 

  چكيده
  

 450هاي عملكردي آن به : سلول درماني در تاندونيت به منظور كوتاه كردن دوره بهبودي بافت تاندون و همچنين بازگشت ويژگيزمينه

  .هستندهاي گيرنده را دارا اي براي تمايز به سلولهاي بنيادي پس از تزريق پتانسيل گستردهرود. تقريباً همه سلولكار مي
  تاندون است. يدر بازساز يميمزانش ياديبن يهادو منبع سلول سهيمطالعه مقا نيا يهدف اصل:هدف

خرگوش نيوزلندي به طور تصادفي به چهار گروه تقسيم شدند. كلاژناز باكتريايي به دنبال بيهوشي  32: در اين مطالعه روش كار
)SDFTعمومي در تاندون خم كننده انگشتي سطحي ساعت پس از القاي كلاژناز انجام شد.  48ها القا شد و سلول درماني گوشهمه خر 

)BMMSCs هاي بنيادي مزانشيمي مغز استخوان آلوژنيكتحت درمان با سلول 1گروه   455پد   هاي بنيادي مشتق شده از با سلول 2و گروه  (

 4تحت درمان قرار گرفت و گروه  ٪9/0لين با نرمال سا 3چربي رباط كشكك خرگوش نيوزيلندي تحت درمان قرار گرفت. گروه 
هاي تاندون  ها در پايان هفته دوم و چهارم به روش انساني معدوم  شدند و نمونه) بدون درمان باقي ماند. همه خرگوشكنترل(گروه 

روم ماسون و هاي هماتوكسيلين ائوزين، تري كجهت ارزيابي هيستوپاتولوژي برداشت شدند. مطالعه هيستوپاتولوژي توسط رنگ
  .وانگيسون صورت پذيرفت. و ساختار تاندون، آرايش فيبر، هسته سلولي، التهاب بافت، عروق زايي و تراكم بررسي شد
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 460) و در برخي از   05/0Pنشان داد ( 4و  3هايبازسازي بهتري نسبت به گروه 2و  1هاي: روند ترميم تاندون در گروههايافته

  ).. 05/0Pداري مشاهده شد (تغييرات معني 2و گروه  1گروه پارامترهاي ميكروسكوپي بين 
نتايج  ADSCsمشتق از بافت استخوان و چربيBMMSCs هاي بنيادي مزانشيمي: با توجه به مطالعه حاضر، تزريق سلولگيرينتيجه

ها نشان  BMMSC يب ديده را نسبت بهها بازسازي بهتر بافت تاندون آسADSCمفيدي را در بهبود بافت تاندون نشان داد. علاوه بر اين، 
  .دادند

  465 

  هاي بنيادي، هيستوپاتولوژي، تاندونيت، خرگوش: ، ترميم، سلولهاي كليديواژه
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Table and Figure legends: 470 

 
Table 1.Histological scoring system used to grade the tendon repair, after two and four weeks 
post stem cell therapy in superficial digital flexor tendon, determined by light microscopy 
 
Table 2. Statistical analysis of tendon healing factors. Different words show significant 475 

differences in BMMSCs, ADSCs, control, and sham groups (P≤0.05) after two and four weeks of 
cell injection. 
 
Figure 1. The H&E and Masson's trichrome, and Vangieson’s staining showed the repair area 
formed at the site of the damaged tendon (star) after two weeks of induction. The fat stem cell 480 

therapy (ADSC) group showed better organization rather than the bone marrow stem cells 
(BMMSCs) group. In the BMMSCs group, tenocytes with spherical nuclei are more than in other 
groups. The upper row is hematoxylin-eosin staining and the lower row is blue mason trichrome. 
 
Figure 2. The H&E and Masson's trichrome, and Vangieson’s staining showed the repair area 485 

formed at the site of the damaged tendon (star) after four weeks of induction. The adipose-
derived stem cell (ADSCs) group showed more regular collagen fibers than the bone marrow 
stem cell (BMMSCs) group. The arrow indicates a healthy tendon. The upper row is 
hematoxylin-eosin staining and the lower row is blue mason trichrome. 
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Table 1. Histological scoring system used to grade the tendon repair, after 
two and four weeks post stem cell therapy in superficial digital flexor 
tendon, determined by light microscopy 
 
Variable  Score and criterion 

Fiber Structure 0 = absence of linear areas 
1 = 20-50% linear 
2 = >50% linear 
3 = linear 

Fiber Arrangement 0 = complete disorder of fibers 
1 = 20-5-% fibers linear 
2 = >50% of fiber is uniform 
3 = uniform in all fibers 

Rounding of Nuclei 0 = spindle shape nuclei 
1 = multiform nuclei 
2 = semi-round nuclei 
3 = round nuclei 

Inflammation 0 = normal 
1 = slightly increased 
2 = moderately increased 
3 = severely increased 

Vascularity 0 = non-vascular 
1 = light vascularity 
2 = moderate vascularity 
3 = hyper vascular 
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Cell Density 0 = normal  
1 = slightly oval 
2 = moderately round 
3 = predominantly round 

 
 
 515 

 
 
 
 
 520 

 
 

Factors 
Groups week Structure Arrangement Nuclei Inflammation Vascularity Density Total 

NS 

2 

0(0-0)* 0(0-1)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-1)* 

Collagenase 3(3-3) 3(3-3) 3(3-3) 2.5(2-3) 2.5(2-3) 2(2-2) 16(16-16) 
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Table 2  
Symbol (*) shows significant differences between NS group and the other groups 525 

(P 0.05). 
 (a) shows significant differences with collagenase group (P 0.05). 
 (b) shows significant differences between BMMSCs and ADSCs groups (P 0.05).  

 
 530 

 
 
 
 
 535 

BMMSCs 2(2-3)a 2(2-3)a 3(3-3)b 1.5(1-2) 2.5(2-3) 2.5(2-3) 13.5(13-15)a 

ADSCs 2(2-2)a 2(2-2)a 2(1-2)ab 1.5(1-3) 2(2-2) 1.5(1-2) 11.5(10-15)a 

NS 

4 

0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 

Collagenase 2.5(2-3) 3(3-3) 2(2-2) 1.5(1-2) 2(1-3) 2(2-2) 13(11-15) 

BMMSCs 2(2-2)b 2(2-2)a 2(1-3) 1(1-2) 2(2-2) 1.5(1-2) 10.5(10-12)b 

ADSCs (1-2)ab 2(1-2)a 1.5(1-2) 0.5(0-2) 1.5(1-2) 1(1-2)a 8.5(8-10)ab 
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