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Abstract 

Aim: To study the effect and efficacy of autologous bone marrow cell therapy in various surgical pathologies of varied 
etiology which were refractory to conventional methods of management. 

Material and method: Ethical committee clearance and informed consent of patients were taken. Two groups of each 
surgical pathologies were selected randomly. The patients in study group were treated by conventional methods 
followed by autologous bone marrow cell application locally, whereas patients in control group were treated by 
conventional methods only. The patients were then followed post-operatively and analyzed by statistical methods. 

Result: Post-operatively the patients in study group experienced faster recovery by appearing good quality granulation 
tissue and rapid epithelisation and there was also significant reduction in local pain. Biopsy showed improved 
fibroblast, macrophages, neovascularisation and less necrosis per HPF in study group as comparison to control group. 

Conclusion: Autologous bone marrow cell therapy is a novel method in the management of various surgical pathologies. 

Keywords: Autologous bone marrow cell therapy; Surgical problems; Carcinoma breast; Fistula in ano; Ulcer; 
Incisional hernia 

1 Introduction 

In this era of regenerative medicine, use of stem cell in various alignments has shown a very promising result. This 
paper is used to highlight our experience in the curative measures in various surgical alignments in our 
department.Stem cells are undifferentiated or non-specialised cells that are able, through cell division, to renew 
themselves indefinitely [1].Crucially, they are also able, when provided with the appropriate stimuli, to differentiate 
into one or more of thedifferent types of specialised cell found in tissues and organs. Because of their unique ability to 
undergo self-renewal whencultured in vitro and to be directed to differentiate into specializedcell types, they have 
enormous potential for use ascell-based therapies [2-4]. There are several different types of stemcell with different 
characteristics, all of which have potentialuses in regenerative medicine.Stem cells can be classified according to 
whether they are derived from the early embryo (embryonic stem cells), tissues from the fetus (fetal stem cells), later 
in development (adult or somatic stem cells/SSC) or whether they are derived by reprogramming adult specialised cells 
to become pluripotent stem cells (iPSCs). Mesenchymal stem cellS,which are a type of SSC, have potent trophic and anti-
inflammatory properties, attributable to their ability to produce growth factors (including vascular endothelial growth 
factor (VEGF), insulin-like growth factor (IGF), hepatocyte growth factor (HGF)), and prostaglandin E2 [5-8]. Thus it is 
mostly used in tissue engineering and regenerative therapy. MSCs can be isolates from both bone marrow and 
subcutaneous fat by liposuction. We preferred he former route. 
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With permission of ethical committee and patients consent we have used cell therapy in Complex fistula in ano , 
Incisional hernia, carcinoma breast following MRM, Chronic diabetic ulcer, Sickle cell disease ulcer, Burger’s disease 
ulcer & others P.V.D, Hansen’s ulcer, Complicated burn ulcer with promising results. 

A chronic leg ulcer may be defined as a defect in the skin below the level of knee that fails to heal in the expected time 
which was usually less than 3 weeks and shows no tendency to heal after 3 or more months. Delays in healing occur at 
any phase but most often occur in inflammatory phase [9-12]. Various etiology of chronic leg ulcers are arterial, venous, 
neurogenic, lymphatic, hematological disorders, infectious, metabolic( diabetes mellitus) and burn wound etc. chronic 
leg ulcer affect the daily life of a patient by increasing pain, sleep disturbance, restricted mobility, restricted work 
capacity, financial loss. So chronic leg ulcer is usually associated with significant morbidity, loss of productivity and 
reduced quality of life. In past decades, bone marrow cell based therapies have emerged as popular choices in 
conjunction with other treatment modalities for chronic ulcer healing and regeneration of skin structure and functions 
[13-16]. Autologous bone marrow cell may offer potential therapies in two broad areas of chronic ulcer surgery: in the 
enhancement of chronic ulcer healing and closure and in attenuation of immunosuppressant effects of the inflammatory 
response [17-22]. 

Management of complex perianal fistula is often challenging in terms of post treatment recovery and associated 
morbidity(23). Despite recent progress in treatment of the condition, there is considerable recurrence rates after 
definite surgery for complex anal fistula have been documented [24-27]. Interdisciplinary treatment regimen is 
essential for disease control and potential long-term remission. Therapeutic goals include symptom improvement, 
prevention of recurrent perianal abscess, preservation of continence, improvement of quality of life and, finally, healing 
of the wound. Several reports and randomized studies have demonstrated that stem cell therapy for Crohn’s complex 
anal fistula has raised the healing rates after 12 mo [28-34]. 

Incisional hernias are result of common complication of abdominal midline incision and wound dehiscence [35-38]. 
Once patient developes such a hernia, they are at risk for recurrent hernia formation via the same wound even after 
repair , and the best mesh for incisional hernia is yet to be discovered. The best surgical techniques for years have not 
answered to this question. At the present more than hundred surgical meshes are available in the market, however the 
ideal mesh does not yet exist and still needs to be developed [39-42]. Postoperative complications like seroma 
formation, adhesion, enterocutaneous fistula, surgical site infection and recurrence still occurs despite advancement in 
prosthetic technology [43-45]. In this recent scientific study we have concentrated on improving prosthetic 
biocompatibility such as coating mesh with the patient's own bone marrow cells to reduce mesh related 
complicationsand for a strong repair [46-48]. 

Carcinoma breast is now the most common cancer worldwide. In our country where early diagnosis of breast cancer is 
often delayed, many patients go into locally advanced stage or metastatic stage [50-52]. Thus majority of them require 
modified radical mastectomy rather than breast conservative surgery. But after modified radical mastectomy they suffer 
from the common immediate complications like wound pain, marginal necrosis, flap necrosis, seroma, wound infection, 
lymphoedema, stiff shoulder and also from delayed complications like hypertrophic scar, keloid and local recurrence of 
tumour [53-55]. Due to these complications the duration of hospital stay increases and the adjuvant therapy for such 
patients also gets delayed. Many studies have been done all over the world to prevent these complications [56-57]. None 
of the methods alone is sufficient to prevent such problems thus a combined approach is used. Autologous bone marrow 
therapy is a new concept which is based on the facts that bone marrow contains mesenchymal stem cells which 
stimulates the local stem cells, fibroblast and macrophages for their enhanced activity [58-62]. They also liberate 
cytokines and growth factors which helps in rapid wound healing and preventing early flap complications like wound 
pain, flap and marginal necrosis and seroma formation. 

Aims and objective 

Comparison between autologous bone marrow derived cell therapies based treatment to conventional management in 
the following conditions. 

 Complex fistula in ano  
 Incisional hernia 
 In carcinoma breast following MRM 
 Chronic diabetic ulcer 
 Sickle cell disease ulcer 
 Burger’s disease ulcer & others P.V.D 
 Hansen’s ulcer 
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 Complicated burn ulcer  

2 Material and methods 

Ethical clearance and informed consent of the patients were taken before the study among the patients admitted in our 
surgery unit during the year January 2016 to September 2021 at VSSIMSAR, Burla, Odisha, India were randomly selected 
for study.  

2.1 Inclusion criteria 

Arterial ulcer, venous ulcer, sickel cell ulcer, diabetic ulcer, neuropathic ulcer, infective ulcer, post burn ulcer, incisional 
hernia, ca breast patients requiring modified radical mastectomy. 

2.2 Exclusion criteria 

Unmotivated patient: A thorough history was taken then clinical examination and investigation (culture from ulcer, 
routine blood investigation, serum total protein, albumin, usg Doppler of lower limb, x-ray of that part, edge biopsy, 
FNAC of lymph node, ECG, ) were done to diagnose the cause of ulcer.In complex anal fistula patients MR fistulogram 
done preoperatively. Incisional hernia patients requiring surgery, undergonerelevent investigations including a pre-
operative CT scan in selected cases. Proper pre-operative work up done in carcinoma breast patients requiring modified 
radical mastectomy. Conventional surgical intervention performed in all patients. In the study group autologous bone 
marrow cell derived from bone marrow was infiltrated locally at the site of pathology after conventional surgical 
intervention.  

3 Results  

3.1 Cell therapy in chronic ulcers 

A thorough history was taken then clinical examination and investigation (culture from ulcer, routine blood 
investigation, serum total protein, albumin, usg Doppler of lower limb, x-ray of that part, edge biopsy, FNAC of lymph 
node, ECG, ) were done to diagnose the cause of ulcer. Out of 80 diagnosed case 40 patients kept in study group and rest 
40 in control group. Debridement and primary ulcer care were performed in all patients. But in study group autologous 
bone marrow cell derived from bone marrow was injected at the ulcer base, floor, margin, edge and surrounding tissues 
of the ulcer site after debridement was done in study group then the wound was covered with normal saline soaked 
gauge. Post-operatively the patients were followed and parameters like wound pain, quality of granulation tissue from 
wound on day-3 onwards were studied. Wounds in study group showed better result. 

Table 1 Patients distribution in Cell therapy in chronic ulcers 

diagnosis Number of patients 
in Study group  

Number of patients 
in control group  

Total number of 
patients 

percentage 

Diabetes mellitus 15 15 30 37.5 

Venous ulcer 11 11 22 27.5 

Sickle cell ulcer 5 5 10 12.5 

Buergers disease 4 4 8 10 

Burn wound 3 3 6 7.5 

Hensen’s disease 2 2 4 5 

 

 

 

 



International Journal of Science and Technology Research Archive, 2022, 03(01), 110–124 

113 

Table 2 Postoperative pain in study vs control group 

Post-operative 
days 

Number of patients required 
analgesic in study group  

Number of patients required 
analgesic in control group  

1 32 33 

2 28 30 

3 12 30 

5 5 28 

7 1 15 

10 0 10 

11 0 0 

 
Biopsy was taken from floor of ulcer on post-operative day 3 and histopathological examination done; average number 
of fibroblast per HPF in study group was 14.8, but in control group it was 3.2. similarly, macrophage per HPF was 18.1 
in study group but it was 5.3 in control group; neovascularisation and necrosis in study group were 18.3 and 0.8 

respectively however in control group it was 6.5 and 5.1 respectively. 

Table 3 Comparison of wound healing of study group and control group 

 Fibroblast/HPF Macrophages/HPF Neovascularisation/HPF Necrosis/HPF 

Study group 14.8 18.1 18.3 0.8 

Control group 3.2 5.3 6.5 5.1 

  

 

Figure 1 Cell therapy in diabetic foot ulcer 
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Figure 2 Cell therapy in sickle cell ulcer 

 

Figure 3 Cell therapy in peripheral vascular disease 
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Figure 4 Cell therapy in burn injury 

3.2 Cell therapy in complex fistula in ano 

 In our study, 50 patients of complex anal fistulas were studied. In the first group (control group) of 25 patients 
were underwent surgical therapy only. The second group (study group) of 25 patients underwent surgical 
therapy followed by local infiltration of bone marrow derived cells in fistulectomy bed. In the study group, 
wound is laid open and dressed with normal saline soaked gauge piece, no antiseptic lotion applied. In control 
group only fistulectomy done, wound laid open and dressed with providone iodine soaked gauge piece. Both 
groups were compared in post-operative follow up. Biopsy of granulation tissue taken from the wound of both 
control and study group on post-operative day 5 for Histopathological examination. Post-operative wounds in 
the study group showed better quality of granulation tissue,less post-operative discharge, less local pain and 
tenderness.  

 

Figure 5 Histopathology of biopsy specimen from wound site post operatively on post-operative day  
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Table 4 Comparison of post-operative wound study 

 Control Study 

necrosis More Less 

Neutrophils, lymphocytes Less More 

neovascularization Less More 

macrophages Less More 

fibroblasts Less More 

 

Table 5 Comparison of post-operative wound study 

 Day 2 

control 

Day 2 

study 

Day 5 

control 

Day 5 

Study 

Day 7 

control 

Day 7 

study 

Day 21 

control 

Day 21 

study 

Local pain ++++ ++ +++ + ++ - - - 

Local tenderness ++++ ++ +++ - ++ - - - 

Discharge ++ ++ ++ - ++ - - - 

Floor of ulcer poor healthy poor Healthy poor healthy poor healthy 

 

 

Figure 6 Cell coated mesh in incisional hernia 

Total 40 patients were included in our study. All patients underwent relevant investigations. CT scan was performed in 
selected cases. 20 patients were included in control group and rest 20 patients included in study group. Post operatively 
the patients experienced less pain as compared to control group. In the study group patients did not require analgesia 
after post-operative day 3 whereas in control group patient required analgesia up to postoperative day 7. 
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Table 6 Comparison of post-operative pain in incisional hernia 

Post-operative days Number of Patients required 

analgesia in study group 

Number of Patients required 

analgesia in control group 

1 20 20 

2 20 20 

3 8 18 

4 3 10 

5 0 8 

6 0 5 

7 0 3 

 

In study group drain was removed earlier as compared to control group as seroma collection is more in control group 
as compared to study group. Drain was removed when there is ≤ 10 ml seroma collection in both study and control 
group. And in study group no patients required drain after 5th post-operative day whereas in control group drain was 
present till 7th post-operative day. 

Table 7 Comparison of post-operative seroma formation in incisional hernia 

Post-operative days Average Seroma 

collection in Study group in ml 

Average Seroma 

collection in control group in ml 

1 75 80 

2 40 60 

3 35 55 

4 20 30 

5 10 20 

6 0 15 

7 0 10 

 

Out of 20 patients in control group recurrence was observed in 1 patients but in study group there was no recurrence. 

Table 8 Comparison of incidence of recurrence in incisional hernia 

Recurrence in study group Recurrence in control group 

0/20 1/20 

 

There is no enterocutaneous fistula and mesh migration observed in both study and control group. Patients in study 
group discharged earlier (post-operative day 5) than control group (postoperative day 8). 
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Figure 7 Cell therapy in carcinoma of breast after Modified radical mastectomy 

3.3 Cell therapy in carcinoma breast after mrm 

Then total 60 breast cancer patients with stage T1-3 N0-1 M0 in this study underwent modified radical mastectomy 
surgery at our surgical unit. Out of 60 patients, 30 patients were kept in study group and rest 30 in control group. 
Auchincloss type modified radical mastectomy was performed in all patients. The bone marrow stem cell concentrate 
was kept aside in a sterile syringe. Then skin flaps were raised as per standard procedure, mastectomy and axillary 
clearance and hemo stasis was obtained in all the cases. Bone marrow stem cell concentrate was infiltrated to under 
surfaces of breast flaps and breast bed and to axillary bed. Skin flaps were closed with a suction drain. Pressure garment 
and suction drains were used routinely in both study and control group. Post operatively the patients were followed 
and parameters like wound pain, marginal necrosis, flap necrosis, wound infection, seroma collection, shoulder joint 
stiffness, hypertrophic scar, keloid and local recurrences were studied. 

  Post operatively the patients in study group experienced less pain as compared to control group. Out of 30 patients in 
control group marginal necrosis was observed in 5(16 %) patients whereas in study group it was seen in 2 (6.6 %) 
patients. Flap necrosis was seen in 2(6.6%) patients in control group whereas no such complication was observed in 
study group. In control group 5(16%) patients were observed to have seroma collection after removal of drain which 
required aspiration but in study group none of the patient had seroma collection after removal of drain. In control group 
shoulder stiffness was observed in 8 patients (26%) whereas in in study group it was observed in 3(10%) patient. local 
recurrence of tumour was only seen in 1 patient in control group. No local recurrence of tumour, hypertrophic scar and 
keloid was seen in study group. 

Table 9 Comparison of post-operative complications after MRM 

Post op 
days 

Post op 
pain 

(study) 

Post op 
pain 

(control) 

Seroma 
collection in ml 

(study) 

Seroma collection 
in ml 

(control) 

Flap complication 

(study) 

Flap complication 

(control) 

1 mild severe 80 110 Nil nil 

3 mild mild 50 85 Nil+ Marginal2,flap1 

5 nil Mild 20 60 Marginal2, flap nil Marginal5,flap 2 

7 nil Mild 10 35 Marginal2,flap-nil Marginal5,flap 2 

10 nil mild 5 20 Marginal2,flap-nil Marginal5,flap 2 
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Table 10 Comparison of incidence of complications after MRM 

 Study group Control group 

General well being Good moderate 

Seroma collection 0/30 5/30 

Shoulder stiffness 3/30 8/30 

Local recurrences 0/30 1/30 

 

 

Figure 8 Post-operative wound after MRM in study and control group 

4 Discussion 

Stem cells are undifferentiated or non-specialised cells thatare able, through cell division, to renew themselves 
indefinitely.Crucially, they are also able, when provided with theappropriate stimuli, to differentiate into one or more 
of thedifferent types of specialised cell found in tissues and organs.Because of their unique ability to undergo self-
renewal whencultured in vitro and to be directed to differentiate into specializedcell types, they have enormous 
potential for use ascell-based therapies. There are several different types of stemcell with different characteristics, all 
of which have potentialuses in regenerative medicine. Stem cells can be classified according to whether they are derived 
from the early embryo (embryonic stem cells), tissues from the fetus (fetal stem cells), later in development (adult or 
somatic stem cells/SSC) or whether they are derived by reprogramming adult specialised cells to become pluripotent 
stem cells (iPSCs).Among the best characterized types of SSCs are haematopoeitic stem cells, mesenchymal stem or 
stromal cells (MSCs), endothelial progenitor cells and neural stem cells. MSCs have potent trophic and anti-
inflammatory properties, attributable to their ability to produce growth factors (including vascular endothelial growth 
factor (VEGF), insulin-like growth factor (IGF), hepatocyte growth factor (HGF)), and prostaglandin E2. Thus it is mostly 
used in tissue engineering and regenerative therapy.MSCs can be isolates from both bone marrow and subcutaneous fat 
by liposuction. We preferred he former route. 

Mesenchymal stem cells (MSCs) were initially isolated from bone marrow but are now shown to reside in almost every 
type of connective tissue [16]. MSCs are characterized as a heterogeneous population of cells that proliferate in vitro as 
plastic adherent cells able to develop as fibroblast colony forming-units [17]. MSCs are distinguished from 
hematopoietic cells by being negative for the cell surface markers CD11b, CD14, CD34, CD45 and human leukocyte 
antigen (HLA)-DR but expressing CD73, CD90 and CD105. Importantly, the capacity to differentiate into multiple 
mesenchymal lineages including bone, fat and cartilage is used as a functional criterion to define MSCs [18]. MSCs are 
clearly capable of responding and modulating their function when exposed to the cells and biochemical factors that are 
characteristic of an injury environment. Human MSCs migrate preferentially to regions of inflammation [19] and express 
several chemokine receptors that are necessary to coordinate their homing ability [20]. Furthermore, MSCs have 
demonstrated chemotaxis toward a variety of wound healing cytokines in vitro, including platelet-derived growth 
factor, insulin-like growth factor-1, IL-8 and TNFα [21,22]. These data suggest that bone-marrow-derived MSCS or 



International Journal of Science and Technology Research Archive, 2022, 03(01), 110–124 

120 

endogenous cells resembling MSCs, such as pericytes, are likely to migrate to and participate in the response to tissue 
injury. During modified radical mastectomy we iatrogenically injure the lymphatic system, blood vessels and other 
tissues. Injury to lymphatic system causes seroma formation and lymphoedema. 

Studies have shown that mesenchymal stem cells (MSCs) derived either from bone marrow or fat can express LEC 
markers (prox-1, VEGF-C, VEGF-A) and that stimulation of these cells in cultured media with recombinant VEGF-C, even 
for brief periods of time in vitro, markedly increased their ability to promote lymphangiogenesis in vivo [23, 24]. Thus 
adult mesenchymal stem cells may have an important role in decreasing seroma formation and also lymphoedema after 
modified radical mastectomy by early healing of injured lymphatic vessels. In our study we have observed less seroma 
collection in study group than control group and after removal of drain 9 patients out of 20 patients in control group 
came for seroma collection which required aspiration by needle whereas in study group none of the patient came with 
complaint of seroma collection after removal of drain. Our this finding supports the above literature there by suggesting 
the role of autologous bone marrow therapy in early healing of injured lymphatic system resulting into decreased 
seroma collection.  

MSCs produce basic FGF and VEGF-A, which provide powerful mitogenic cues to promote proliferation, migration and 
differentiation of microvascular endothelial cells [25,26]. MSCs also express paracrine factors to promote vascular 
stability and vasoprotection [27,28], including adrenomedullin [29]. It has been hypothesized that these functions are 
unique to MSCs due to their possible perivascular origin, and they are able to exploit these functions to recreate their 
perivascular niche as theprocess of vasculature remodeling is concluded [30]. Enhancement of vascular formation by 
bone-marrow derived MSCs has been demonstrated in vitro [31] and to facilitate the development of long-lasting 
functional vasculature as perivascular progenitor cells [32]. Thus autologous bone marrow therapy may facilitate 
neovascularisation and thereby prevent marginal necrosis and flap necrosis. Though proper surgical technique like 
tension free suturing, not too thin flap, less thermal injury by electro cautery have an important role in preventing 
marginal necrosis and flap necrosis but despite the use of all these techniques marginal necrosis and flap necrosis are 
very frequent in patients after modified radical mastectomy.. In our study we have seen marginal necrosis in 4 out of 20 
patients in control group and 2 out of 20 patients in study group and flap necrosis in 2 out of 20 patients in control 
group and none of the patients in study group. Though such finding is not statistically significant still relatively we have 
seen less marginal necrosis and no flap necrosis in study group as compared to control group. Regarding postoperative 
pain , patients experienced very less pain as compared to control group may be due to the anti- inflammatory activites 
of mesenchymal stem cells. MSCs have anti-inflammatory effects because they inhibit dendritic cell [DC] maturation and 
B and T cell proliferation and differentiation, that they attenuate natural killer [NK] cell killing, and that they also 
support suppressive T regulatory cells [Tregs] [33-35]. MSCs also decrease the amount of IL-10 and TNF-α secreted by 
DC cells, and increase the amount of the anti-inflammatory IL-4 produced by T cells [33-35]. MSCs provide significant 
benefit during dermal wound healing, as they can,  

 Accelerate the rate of wound closure and re-epithelialization,  
 Improve the quality and strength of the regenerated tissue,  
 Recover wound healing pathologies that might otherwise result in a chronic, non-healing wound, and  

 Minimize the visual appearance of scar tissue.  
  

In adult cutaneous wound healing, inflammatory cells are recruited to the wound and produce proinflammatory 
mediators such as monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory protein-1 beta (MIP-1β), 
interleukin-1 beta (IL-1β), and interleukin-6 (IL-6). These mediators can not only induce additional inflammation but 
also contribute to excess extracellular matrix (ECM) deposition and fibrosis. Moreover, the inflammatory cells can 
produce growth factors such as transforming growth factor-beta 1 (TGF-β1) and platelet-derived growth factor, which 
stimulate fibroblast proliferation, myofibroblast differentiation, and excess ECM deposition, leading to scar formation. 
We have not seen any local recurrence and it need to be studied more to prove the anti-tumour effects of mesenchymal 
stem cells (Figure 4). This study is purely clinical and we have only seen the effects of autologous bone marrow therapy 
and the rationale behind them are still being studied at molecular level. At present our sample size is small and we will 
continue our research in more number of patients in future. 
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Figure 9 Mechanism of action of mesenchymal stem cell 

5 Conclusion 

Bone marrow cells act as a novel and feasible technique for treatment of complex fistula in ano , chronic ulcers , 
carcinoma breast and for incisional hernia repair( mesh coating) by decreasing the post-operative morbidities, 
complications and recurrence. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest. 

Statement of informed consent 

Informed consent was obtained from all individual participants included in the study. 

References 

[1] Weissman IL (2000) Stem cells: units of development, units of regeneration, and units in evolution. Cell 
100(1):157–168 

[2] Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, et al. (1999) Multilineage potential of adult human 
mesenchymal stem cells. Science 284: 143-7. 

[3] Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, et al. (2006) Minimal criteria for defi ning 
multipotent mesenchymal stromal cells. The International Society for Cellular Therapy position statement. 
Cytotherapy 8: 315-7. 

[4] Ponte AL, Marais E, Gallay N, Langonne A, Delorme B, et al. (2007) The in vitro migration capacity of human bone 
marrow mesenchymal stem cells: comparison of chemokine and growth factor chemotactic activities. Stem Cells 
25: 1737-45. 

[5] Sasaki M, Abe R, Fujita Y, Ando S, Inokuma D, et al. (2008) Mesenchymal stem cells are recruited into wounded 
skin and contribute to wound repair by transdiff erentiation into multiple skin cell type. J Immunol 180: 2581-
2587. 

[6] Mishima Y, Lotz M (2008) Chemotaxis of human articular chondrocytes and mesenchymal stem cells. J Orthop 
Res 26: 1407-12. 



International Journal of Science and Technology Research Archive, 2022, 03(01), 110–124 

122 

[7] Hemeda H, Jakob M, Ludwig AK, Giebel B, Lang S, et al. (2010) Interferon gamma and tumor necrosis factor-alpha 
diff erentially aff ect cytokine expression and migration properties of mesenchymal stem cells. Stem Cells Dev 
19: 693-706. 

[8] Joukov V, Pajusola K, Kaipainen A, Chilov D, Lahtinen I, et al. (1996) A novel vascular endothelial growth factor, 
VEGF-C, is a ligand for the Flt4 (VEGFR3) and KDR (VEGFR-2) receptor tyrosine kinases. EMBO J. 15: 1751.  

[9] Norgren L., Hiatt W.R., Dormandy J.A., Nehler M.R., Harris K.A., Fowkes F.G. Inter-Society Consensus for the 
Management of Peripheral Arterial Disease (TASC II) Eur J Vasc Endovasc Surg.2007;33:S1–S75.  

[10] Hirsch A.T., Criqui M.H., Treat-Jacobson D., et al. Peripheral arterial disease detection, awareness, and treatment 
in primary care. JAMA. 2001; 286:1317–1324.  

[11] Anon (1996) Critical Limb Ischaemia: management and outcome: Report of a National Survey: The Vascular 
Society of Great Britain and Ireland. Eur J Endovac Surg 12: 131–135  

[12] Anon (2005) Lower extremity disease among persons aged > or=40 years with and without diabetes—United 
States, 1999–2002. Centers for Disease Control and Prevention (CDC). MMWR Morb Mortal Wkly Rep 54: 1158–
1160  

[13] Dormandy J.A., Rutherford R.B. Management of peripheral arterial disease (PAD). TASC Working Group. 
TransAtlantic Inter-Society Consensus (TASC) J Vasc Surg. 2000;31:S1–S296.  

[14] Albers M., Fratezi A.C., De L.N. Assessment of quality of life of patients with severe ischaemia as a result of 
infrainguinal arterial occlusive disease. J Vasc Surg. 1992;6:54–59.  

[15] E Mansilla, GH Mar´ın, H Drago, et al. Bloodstream cells phenotypically identical to human mesenchymal bone 
marrow stem cells circulate in large amounts under the influence of acute large skin damage: new evidence for 
their use in regenerative medicine. Transplantation Proceedings. 2006; 38(3):967-969.  

[16] A Fox, J Smythe, N Fisher et al. Mobilization of endothelial progenitor cells into the circulation in burned patients. 
British Journal of Surgery. 2008; 95(2):244–251.  

[17] WG Payne, TL Wachtel, CA Smith, MG Uberti, F Ko, MC Robson. Effect of amnion-derived cellular cytokine solution 
on healing of experimental partial-thickness burns. World Journal of Surgery. 2010; 34(7):1663-1668.  

[18] Y Wu, S Huang, J Enhe et al. Bone marrow-derived mesenchymal stem cell attenuates skin fibrosis development 
in mice. International Wound Journal. 2014; 11(6):701–710.  

[19] Asahara T., Murohara T., Sullivan A., et al. Isolation of putative progenitor endothelial cells for angiogenesis. 
Science. 1997;275:964–967  

[20] Ippokratis P., Giannoudis P. V. Biology of mesenchymal stem cells injury. Int J Care Injured.2005;36S:S8–S12  

[21] Gerwins P., Skoldenberg E., Claesson-Welsh L. Function of fibroblast growth factors and vascular endothelial 
growth factors and their receptors in angiogenesis. Crit Rev Oncol Hematol. 2000;34:185–19  

[22] Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J Med. 1971;285:1182–1186  

[23] Kelley KA, Kaur T, Tsikitis VL. Perianal Crohn's disease: challenges and solutions. Clin Exp 
Gastroenterol. 2017;10:39–46.  

[24] Panes J, Reinisch W, Rupniewska E, Khan S, Forns J, Khalid JM, Bojic D, Patel H. Burden and outcomes for complex 
perianal fistulas in Crohn's disease: Systematic review. World J Gastroenterol. 2018;24:4821–4834.  

[25] Lightner AL. Perianal Crohn's Disease. Dis Colon Rectum. 2020;63:1023–1026. 26. Scharl M, Rogler G. 
Pathophysiology of fistula formation in Crohn's disease. World J Gastrointest Pathophysiol. 2014;5:205–212. 

[26] de Groof EJ, Sahami S, Lucas C, Ponsioen CY, Bemelman WA, Buskens CJ. Treatment of perianal fistula in Crohn's 
disease: a systematic review and meta-analysis comparing seton drainage and anti-tumour necrosis factor 
treatment. Colorectal Dis. 2016;18:667–675.  

[27] Panés J, García-Olmo D, Van Assche G, Colombel JF, Reinisch W, Baumgart DC, Dignass A, Nachury M, Ferrante M, 
Kazemi-Shirazi L, Grimaud JC, de la Portilla F, Goldin E, Richard MP, Leselbaum A, Danese S ADMIRE CD Study 
Group Collaborators. Expanded allogeneic adipose-derived mesenchymal stem cells (Cx601) for complex 
perianal fistulas in Crohn's disease: a phase 3 randomised, double-blind controlled trial. Lancet. 2016; 388:1281–
1290.  



International Journal of Science and Technology Research Archive, 2022, 03(01), 110–124 

123 

[28] Panés J, García-Olmo D, Van Assche G, Colombel JF, Reinisch W, Baumgart DC, Dignass A, Nachury M, Ferrante M, 
Kazemi-Shirazi L, Grimaud JC, de la Portilla F, Goldin E, Richard MP, Diez MC, Tagarro I, Leselbaum A, Danese S 
ADMIRE CD Study Group Collaborators. Long-term Efficacy and Safety of Stem Cell Therapy (Cx601) for Complex 
Perianal Fistulas in Patients with Crohn's Disease. Gastroenterology 2018; 154: 1334-1342. : e4. 

[29] Gruber R, Kandler B, Holzmann P, Vogele-Kadletz M, Losert U, et al. (2005) Bone marrow stromal cells can 
provide a local environment that favors migration and formation of tubular structures of endothelial cells. Tissue 
Eng 11: 896-903. 

[30] Kaigler D, Krebsbach PH, Polverini PJ, Mooney DJ (2003) Role of vascular endothe lial growth factor in bone 
marrow stromal cell modulation of endothelial cells. Tissue Eng 9: 95-103. 

[31] Lozito TP, Taboas JM, Kuo CK, Tuan RS (2009) Mesenchymal stem cell modification of endothelial matrix 
regulates their vascular diff erentiation. J Cell Biochem 107: 706-13. 

[32] Kato J, Tsuruda T, Kita T, Kitamura K, Eto T (2005) Adrenomedullin: a protective factor for blood vessels. 
Arterioscler Thromb Vasc Biol 25: 2480-7. 

[33] Bianco P, Robey P, Simmons P (2008) Mesenchymal stem cells: revisiting history, concepts, and assays. Cell Stem 
Cell 2: 313-9. 

[34] C.L. Nockolds, J.P. Hodde, P.S. Rooney, Abdominal wall reconstruction withcomponents separation and mesh 
reinforcement in complex hernia repair, BMCSurg. 30 (14) (2014) 25. 

[35] S. Sriussadaporn, S. Sriussadaporn, R. Pak-Art, K. Kritayakirana, S. Prichayudh, P. Samorn, Management of difficult 
abdominal wall problems by componentsseparation methods: a preliminary study in Thailand, J. Med. Assoc. 
Thai. 96(11) (2013) 1449-1462. 

[36] Da Silva Meirelles L, Chagastelles PC, Nardi NB (2006) Mesenchymal stem cells reside in virtually all post-natal 
organs and tissues. J Cell Sci 119: 2204-13. 

[37] Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, et al. (1999) Multilineage potential of adult human 
mesenchymal stem cells. Science 284: 143-7. 

[38] Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, et al. (2006) 

[39] Minimal criteria for defi ning multipotent mesenchymal stromal cells. The International Society for Cellular 
Therapy position statement. Cytotherapy 8: 315-7. 

[40] Ponte AL, Marais E, Gallay N, Langonne A, Delorme B, et al. (2007) The in vitro migration capacity of human bone 
marrow mesenchymal stem cells: comparison of chemokine and growth factor chemotactic activities. Stem Cells 
25: 1737-45. 

[41] Sasaki M, Abe R, Fujita Y, Ando S, Inokuma D, et al. (2008) Mesenchymal stem cells are recruited into wounded 
skin and contribute to wound repair by transdiff erentiation into multiple skin cell type. J Immunol 180: 2581-
2587. 

[42] Mishima Y, Lotz M (2008) Chemotaxis of human articular chondrocytes and mesenchymal stem cells. J Orthop 
Res 26: 1407-12. 

[43] Hemeda H, Jakob M, Ludwig AK, Giebel B, Lang S, et al. (2010) Interferon gamma and tumor necrosis factor-alpha 
diff erentially aff ect cytokine expression and migration properties of mesenchymal stem cells. Stem Cells Dev 
19: 693-706. 

[44] Oh SJ, Jeltsch MM, Birkenhäger R, McCarthy JE, Weich HA, et al. (1997) VEGF and VEGF-C: specific induction of 
angiogenesis and lymphangiogenesis in the differentiated avian chorioallantoic membrane. Dev Biol. 188: 96-
109. 

[45] Joukov V, Pajusola K, Kaipainen A, Chilov D, Lahtinen I, et al. (1996) A novel vascular endothelial growth factor, 
VEGF-C, is a ligand for the Flt4 (VEGFR3) and KDR (VEGFR-2) receptor tyrosine kinases. EMBO J. 15: 1751. 

[46] Gruber R, Kandler B, Holzmann P, Vogele-Kadletz M, Losert U, et al. (2005) Bone marrow stromal cells can 
provide a local environment that favors migration and formation of tubular structures of endothelial cells. Tissue 
Eng 11: 896-903. 

[47] Kaigler D, Krebsbach PH, Polverini PJ, Mooney DJ (2003) Role of vascular endothe lial growth factor in bone 
marrow stromal cell modulation of endothelial cells. Tissue Eng 9: 95-103. 



International Journal of Science and Technology Research Archive, 2022, 03(01), 110–124 

124 

[48] K. Breuing, C.E. Butler, S. Ferzoco, M. Franz, C.S. Hultman, J.F. Kilbridge, et al.,Ventral Hernia Working Group 
Incisional ventral hernias: review of theliterature and recommendations regarding the grading and technique 
ofrepair, Surgery 148 (3) (2010) 544–558. 

[49] R. R. Read, “Ventral, epigastric, umbilical, spigelian and incisional hernias,” in Current SurgicalTherapy , J. L. 
Cameron, Ed.,pp. 491–496, Mosby, Philadelphia, Pa, USA, 5th edition, 1995. 

[50] Tejler G, Aspegren K (1985) Complications and hospital stay after surgery for breast cancer:a prospective study 
of 385 patients. Br J Surg 72: 542-4. 

[51] Tadych K, Donegan WL (1987) Post mastectomy seromas and wound drainage. Surg Gynecol Obstet 165: 483-7. 

[52] Bryant M, Baum M (1987) Postoperative seroma following mastectomy and axillary dissection. Br J Surg 74: 
1187. 

[53] Dawson I, Stam L, Heslinga JM, Kalsbeek HL (1989) Effect of shoulder immobilization onwound seroma and 
shoulder dysfunction following modified radical mastectomy: a randomized prospective clinical trial. Br J Surg 
76: 311-2. 

[54] Porter KA, O’Connor S, Rim E, Lopez M (1998) Electrocautery as a factor in seroma formation following 
mastectomy. Am J Surg 176: 811. 

[55] Jeffery SS, Goodson WH, Ikeda DM, Bindwell RI, Bogetz MS (1955) Axillarylymphadenctomy for breast cancer 
withoutaxillary drainage. Arch Surg 130: 909-13. 

[56] Bonnema J, Ligtenstein DA, Wiggers T, vanGeel AN (1999) The composition of serous fluid after axillary 
dissection. Eur J Surg 165: 9-13. 

[57] Burak WE Jr. Goodman PS, Young DC,Farrar WB (1997) Seroma formation following axillary dissection for breast 
cancer: risk factors and lack of influence of bovine thrombin. J Surg Oncol 64: 27-31. 

[58] Browse DJ, Goble D, Jones PA (1996) Axillary node clearance: who wants to immobilize the shoulder? Eur J Surg 
Oncol 22: 569-70. 

[59] O’Hea BJ, Ho MN, Petrek JA (1999) External compression dressing versus standard dressing after axillary 
lymphadenectomy. Am J Surg 177: 450-3. 

[60] Lam CYW, Lim BH, Chiu PWY, Lee SW, et al. (2001) Effects of pressure garment on patients undergoing modified 
radical mastectomy. A prospective randomized trial. Ann Coll Surg HK 5: A17. 

[61] Tejler G, Aspegren K. Complications and hospital stay after surgery for breast cancer:a prospective study of 385 
patients. Br JSurg 1985; 72:542–544. 

[62] Tadych K, Donegan WL. Post mastectomy seromas and wound drainage. Surg GynecolObstet 1987; 165:483–487 


