
SM Journal of 
Endocrinology and 
Metabolism

How to cite this article Tatmatsu-Rocha JC. Understanding Biomarkers Involved in 
Healing Delay in Diabetic Wounds. SM J Endocrinol Metab. 2016;2(2):1014s.OPEN ACCESS

Introduction 

Understanding healing process

The steps of inflammation, proliferation and tissue remodeling that involves the physiological 
process of wound healing require, zzamong other issues, growth factors that act by stimulating 
chemotaxis, tissue proliferation, extracellular matrix formation and angiogenesis, as well as 
contraction and re-establishing the integrity cell [1].

It is known that diabetic patients show altered adherence, leukocyte chemotaxis, and 
opsonization. The cellular immune system has an inefficient and delayed response to noxious 
agents. Furthermore, no change of antioxidant systems and lower production of interleukin (IL-2), 
key points in the inflammatory process necessary for an effective immune response [2].

The process of healing by first intention occurs by the following mechanism: the blood spilled 
by the cutting form a clot that occupies the space between the edges of the wound and from the clot 
and the injured tissue, there are chemotactic factors and vasoactive promoting fluid exudation blood 
to the margins of the lesion and thus six hours after the wound, it is possible to observe the presence 
of phagocytes in the wound margins, and around 24 hours, the clot is already invaded by these cells, 
with a predominance of Polymorphonuclear (PMN) [3].

Fibroblast tissue wound margins become activated, proliferate, migrate toward the clot 
resorption and begin to synthesize the components of the Extracellular Matrix (ECM). The 
macromolecular network of the ECM consists of collagen, elastin, glycoproteins and proteoglycans, 
secreted by connective tissue cells such as fibroblasts and epithelial cells. All these components are in 
close contact with their cells and form one-dimensional gelatinous bed in which the cell involves [4].

Regarding the restoration of blood flow in damaged areas, the endothelium of thecapillaries 
adjacent sends shoots that grow into the clot to form new blood capillaries. This lost connective 
tissue is rich in blood capillaries and containing leukocytes and the extracellular matrix formed by 
thin collagen fibers (type III collagen), hyaluronic acid and a moderate number of proteoglycans are 
called granulation tissue. Grossly, this tissue as a pink color and grainy appearance [5].

Changes in blood viscosity in diabetic gifts this could negatively influence blood flows and 
thus in tissue repair. Hyperglycemia is a major risk factor for the development and progression 
of diabetic nephropathy. Hyperglycemia induces multiple cellular and molecular changes that 
presagethe development of renal vascular dysfunction [6].

Tissue Repair and Growth Factors
Some researchers like Grotendorst [7] and Broadley [8] demonstrated in-vivo and in-vitro models 

efficacy of growth factors in tissue repair and many of these studies correlated the factor Platelet-
Derived Growth Factor (PDGF) the Fibroblast Growth Factor (FGF) and Epidermal Growth Factor 
(EGF) as decisive in the formation of granulation tissue, the latter being recommended therapeutic 
regeneration of wounds in diabetics [1].
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Abstract

Neuropathy and ischemia are the main disorders found in the ulceration underlying foot. The diabetic foot is 
the biggest complication of diabetes in the world. It estimates that 16 million of people in the carrying the United 
States of diabetes mellitus, about 15-20% will go to be hospitalized for complications of the diabetic foot. The 
inquiry concerning the physiopathologic alterations of the involved factors in the healing process of the carrier of 
diabetes mellitus and the complications generated for the vascular dysfunction still presents gaps. In this review, 
it was aimed to analyze the involved components in the tissue repair and its alterations in the diabetic patient. 
This is a descriptive study in which had analyzed articles indexed in the databases PUBMED and MEDLINE, 
in the period of 1930-2016. The study disclosed that some factors in the process of tissue regeneration, as the 
vascular endothelial growth factor and the fibroblast growth factor, could be altered to the hyperglycemic state. 
Moreover, the alterations of oxidative stress in special nitric oxide could influence negatively in the tissue repair.
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The Vascular Endothelial Growth Factor (VEGF) is known 
stimulator of endothelial proliferation and has a central role in 
physiologic and pathologic angiogenesis [9]. Vriese andcols [10] 
tried to assess the role of VEGF in the pathophysiology of early renal 
dysfunctionin diabetes and demonstrated a possible mechanism by 
which hyperglycemia cause renal dysfunction, and thus VEGF could 
be useful as a therapeutic strategy for treatment of early nephropathy 
in diabetic patients.

Tsang et al [1] in a randomized double-blind study with 127 
patients with diabetic foot and found a relative deficiency of some 
growth factors in chronic wounds in the diabetic foot, especially EGF 
and FGF and concluded that the use of EGF associated with PDGF 
could reduce the recovery time of these skin lesions.

Changes in Extracellular Matrix in the Diabetic State
The diabetic state is accompanied by alterations in Extracellular 

Matrix (ECM) in various tissues. The high level of blood glucose is 
considered as the main cause of the phenomenon and The Factor 
Of Growth Factor-b1 (TGFb1) is speculated to be the key mediator 
of matrixaccumulation.Schwartz, Keagy & Johnson [11] assessed 
the outcome of surgery for poplitealartery bypass hypothesized that 
individuals with diabetic foot ulcer could show changes inblood 
viscosity due to elevated levels of C-reactive protein and fibrinogen 
found in patientswith these wounds, compared to non-diabetics and 
non-diabetic patients with diabetic ulcers and these results re-inforce 
the propositions. 

Tillett & Francis [12], who reported peaks of C-reactive protein 
and increased levels fibrinogen, serving as a biochemical response 
over this early acute response to a tissue repair process.This may 
ultimately be harmful and can lead an increased viscosity and thus 
potentially have an adverse effect on any attempt to bypass, that needs 
since the increased blood viscosity leads to a decrease in conduction 
the velocity of the essential cellular elements healing process, for 
example, platelets and polymorphonuclear cells.

Chikanza [13] et al suggested that cytokines produced by 
lymphocytes, macrophages, platelets, and monocytes are essential 
for deflagration an acute phasereaction. In-vitro studies suggest that 
cytokines and interleukins or Tumor Necrosis Factor (TNF) are the 
promoters of this reaction with tissue necrosis and inflammation.

Upchurch, Kegstand & Johnson [14] showed leukocyte and 
platelet dysfunction with membrane thickening and accelerated 
atherosclerosis in veins of small lumen in diabetic foot than non-
diabetics, which would limit the blood supplies satisfactory in those 
areas, causing ischemic areas and that could eventually evolve into 
necrosis and ulceration.

Oxidative Stress Metabolism and Healing Process
Hyperglycemia increase ROS production, due to over production 

of superoxide by the mitochondrial electron-transport chain with 
decreased antioxidant defenses [15].

Increased mitochondrial oxidative stress was observed by 
mitochondria-specific superoxide indicator [16]. A study using a flow 
cytometric analysis revealed disruption of mitochondrial permeability 
and generation of oxidative stress in Endothelial Progenitor Cells 
(EPC) in hyperglycemic conditions [16].

Endothelial Progenitor Cells dysfunction could be critical for 
defective diabetic angiogenesis probably impaired nitric oxide 
signaling and increased oxidative stress, but the mechanisms 
underlying diabetic EPC dysfunction are still largely unknown [16].

Inflammatory processes can generate ROS and Reactive Nitrogen 
Species (RNS) like nitric oxide (NO•). However, nitric oxide may 
compete with oxygen in the iron-sulfur complex and copper centers in 
the respiratory chain and inhibit the mitochondrial ATP (adenosine 
triphosphate) synthesis [17].

Current Advances
Understanding healing process

A complex of biomarkers are involved in the healing process 
and the connection between these variables could be the key of 
understanding healing delay in Diabetic Wounds. For example, 
studies using a murine model diabetic observed that Angiopoietin-1 
administration results in improved neovascularization dependent 
on these cells recruitment and has direct effects on wound re-
epithelialization [18]. An Italian work analyzed wound biopsies from 
75 patients with diabetic foot ulcers, shared in subgroups of Rapidly 
Healing (RH) and Non-Healing (NH) patients and identify serpin B3 
strongly upregulated in RH vs NH wounds and they suggest that serpin 
B3 could be a biomarker of successful healing in diabetic patients 
[19]. A research using an injection of SDF-1α (SDF-1α, a homing 
the signal for recruiting Endothelial Progenitor Cells (EPC) to areas 
of neovascularization), engineered bone marrow-derived fibroblasts 
reported that SDF-1α-engineered cell-based therapy promotes 
diabetic wound healing by upregulating E-selectin expression leading 
to increased wound neovascularization [20]. Other study revealed 
that increased production of collagen was correlated with decreased 
oxidative and nitrosative stress in induced diabetic animals. The 
authors suggested that a certain level of oxidative stress is known to 
be required for the satisfactory induction of neovascularization in 
response to ischemia and damage tissue [21].

Some studies refer wounds will heal better in an environment 
that is adequately oxygenated according the principle that oxygen 
delivery to the wound will be impaired if tissue perfusion is adequate 
and suggests this therapy form [22-24], but the costs are not cheap. 
However, some alternative therapeutics have been showed positive 
results, like Ultrasound therapy [25-27], low-level laser therapy [28-
31] and Electrostimulation [25,32-34]. However, it is important to 
note that successful treatment of wounds relies on monitoring, tissue 
perfusion and nutrition well managed.

Conclusion
Diabetes promotes itself, a high degree of entropy in biological 

systems. Humoral changesthat disrupt the extracellular matrix 
generate a degree of destabilization in the surroundingareas of 
hemostasis, which culminate with a high metabolic cost on the 
human body. Research in this area we should be focused on searching 
for external agents that promote areduction in energy cost for the 
diabetic patient and to stimulate an endogenous release of growth 
factors in tissue.

References

1.	 Tsang MW, Hung CS, Cheung E, Lai KM, Tang W, Leung L, et al. Epidermal 
growth factor enhances healing of diabetics foot ulcer. Diabetes Research 
and Clinical Practice. 2002; 56: 64-65.



Citation: Tatmatsu-Rocha JC. Understanding Biomarkers Involved in Healing 
Delay in Diabetic Wounds. SM J Endocrinol Metab. 2016;2(2):1014s.

Page 3/3

Gr   upSM Copyright  Tatmatsu-Rocha JC

2.	 Rocha JLL, Baggio HCC, Cunha CAd, Niclewicz EA, Leite SAO, Baptista 
MID. Aspectos relevantes da interface entre diabetes mellitus e infecção. Arq 
bras endocrinol metab. 2002; 46: 221-229.

3.	 Tatarunas AC, Matera JM, Dagli MLZ. Estudo clínico e anatomopatológico da 
cicatrização cutânea no gato doméstico: utilização do laser de baixa potência 
GaAs (904 nm). Acta Cirurgica Brasileira. 1998; 13.

4.	 Rocha JCT. Terapia laser, cicatrização tecidual e angiogênese. Revista 
Brasileira em Promoção da Saúde. 2004; 17: 44-48.

5.	 Adams SB, Sabesan VJ, Easley ME. Wound healing agents. Foot and ankle 
clinics. 2006; 11: 745-751.

6.	 Greenhalgh DG. Wound healing and diabetes mellitus. Clinics in Plastic 
Surgery. 2003; 30: 37-45.

7.	 Grotendorst GR, Martin GR, Pencev D, Sodek J, Harvey AK. Stimulation of 
granulation tissue formation by platelet-derived growth factor in normal and 
diabetic rats. Journal of Clinical Investigation. 1985; 76: 2323-2329.

8.	 Broadley KN, Aquino AM, Hicks B, Ditesheim JA, McGee GS, Demetriou AA, 
et al. Growth factors bFGF and TGB beta accelerate the rate of wound repair 
in normal and in diabetic rats. International journal of tissue reactions. 1987; 
10: 345-353.

9.	 Kim BS, Chen J, Weinstein T, Noiri E, Goligorsky MS. VEGF expression in 
hypoxia and hyperglycemia: Reciprocal effect on branching angiogenesis 
in epithelial-endothelial co-cultures. Journal of the American Society of 
Nephrology. 2002; 13: 2027-2036.

10.	De Vriese ANS, Tilton RG, Elger M, Stephan CC, Kriz W, Lameire NH. 
Antibodies against vascular endothelial growth factor improve early renal 
dysfunction in experimental diabetes. Journal of the American Society of 
Nephrology. 2001; 12: 993-1000.

11.	Schwartz JA, Keagy BA, Johnson G. Effect of the acute phase reaction on 
blood viscosity after infrainguinal arterial bypass. The American journal of 
surgery. 1986; 152: 158-164.

12.	Tillett WS, Francis T. Serological reactions in pneumonia with a non-protein 
somatic fraction of pneumococcus. The Journal of experimental medicine. 
1930; 52: 561-571.

13.	Chikanza IC, Roux-Lombard P, Dayer JM, Panayi GS. Tumour necrosis 
factor soluble receptors behave as acute phase reactants following surgery 
in patients with rheumatoid arthritis, chronic osteomyelitis and osteoarthritis. 
Clinical and experimental immunology. 1993; 92: 19-22.

14.	Upchurch GR, Keagy BA, Johnson G. An acute phase reaction in diabetic 
patients with foot ulcers. Vascular. 1997; 5: 32-36.

15.	Brownlee M. Biochemistry and molecular cell biology of diabetic complications. 
Nature. 2001; 414: 813-820.

16.	Kim K-A, Shin Y-J, Akram M, Kim E-S, Choi K-W, Suh H, et al. High glucose 
condition induces autophagy in endothelial progenitor cells contributing to 
angiogenic impairment. Biological &amp; pharmaceutical bulletin. 2014; 37: 
1248-1252.

17.	Volpe CMO, Abreu LFM, Gomes PS, Gonzaga RM, Veloso CA, xfa, et al. 
The Production of Nitric Oxide, IL-6, and TNF-Alpha in Palmitate-Stimulated 
PBMNCs is Enhanced through Hyperglycemia in Diabetes. Oxidative 
Medicine and Cellular Longevity. 2014; 2014: 12.

18.	Balaji S, Han N, Moles C, Shaaban AF, Bollyky PL, Crombleholme TM, 
et al. Angiopoietin-1 improves endothelial progenitor cell-dependent 
neovascularization in diabetic wounds. Surgery. 2015; 158: 846-856.

19.	Fadini GP, Albiero M, Millioni R, Poncina N, Rigato M, Scotton R, et al. The 
molecular signature of impaired diabetic wound healing identifies serpinB3 as 
a healing biomarker. Diabetologia. 2014; 57: 1947-1956.

20.	Liu Z-J, Tian R, An W, Zhuge Y, Li Y, Shao H, et al. Identification of E-Selectin 
as a Novel Target for the Regulation of Post-Natal Neovascularization: 
Implications for Diabetic Wound Healing. Annals of Surgery. 2010; 252: 625-
634.

21.	Tatmatsu-Rocha JC, Ferraresi C, Hamblin MR, Damasceno Maia F, Do 
Nascimento NRF, Driusso P, et al. Low-level laser therapy (904 nm) can 
increase collagen and reduce oxidative and nitrosative stress in diabetic 
wounded mouse skin. Journal of Photochemistry and Photobiology B: 
Biology. 2016; 164: 96-102.

22.	Belda FJ, Aguilera L, de la Asunción JG, Alberti J, Vicente R, Ferrándiz L, 
et al. Supplemental perioperative oxygen and the risk of surgical wound 
infection: a randomized controlled trial. Jama. 2005; 294: 2035-2042.

23.	Hopf HW, Ueno C, Aslam R, Burnand K, Fife C, Grant L, et al. Guidelines for 
the treatment of arterial insufficiency ulcers. Wound Repair and Regeneration. 
2006; 14: 693-710.

24.	Henke PK, Blackburn SA, Wainess RW, Cowan J, Terando A, Proctor M, et al. 
Osteomyelitis of the foot and toe in adults is a surgical disease: conservative 
management worsens lower extremity salvage. Annals of surgery. 2005; 241: 
885-894.

25.	Cullum N, Nelson EA, Flemming K, Sheldon T. Systematic reviews of wound 
care management: (5) beds; (6) compression; (7) laser therapy, therapeutic 
ultrasound, electrotherapy and electromagnetic therapy. 2001; 5: 1-221.

26.	Hess CL, Howard MA, Attinger CE. A review of mechanical adjuncts in wound 
healing: hydrotherapy, ultrasound, negative pressure therapy, hyperbaric 
oxygen, and electro stimulation. Annals of plastic surgery. 2003; 51: 210-218.

27.	Young SR, Dyson M. Effect of Therapeutic Ultrasound on the Healing of Full-
Thickness Excised Skin-Lesions. Ultrasonics. 1990; 28: 175-180.

28.	Hawkins D, Houreld N, Abrahamse H. Low Level Laser Therapy (LLLT) as 
an effective therapeutic modality for delayed wound healing. In: Kotwal GJ, 
Lahiri DK, editors. Natural Products and Molecular Therapy. Annals of the 
New York Academy of Sciences. 2005; 1056: 486-493.

29.	Hawkins D, Abrahamse H. Effect of multiple exposures of low-level laser 
therapy on the cellular responses of wounded human skin fibroblasts. 
Photomedicine and Laser Surgery. 2006; 24: 705-714.

30.	Tatmatsu Rocha JC. Can low level laser therapy increases wound healing 
in diabetic mice? Journal of Tissue Engineering and Regenerative Medicine. 
2014; 8: 497-498.

31.	Sandoval Ortíz MC, Herrera Villabona E, Camargo Lemos DM, Castellanos 
R. Effects of low level laser therapy and high voltage stimulation on diabetic 
wound healing. Revista de la Universidad Industrial de Santander Salud. 
2014; 46: 107-117.

32.	Kloth LC. Electrical stimulation for wound healing: a review of evidence from 
in-vitro studies, animal experiments, and clinical trials. The international 
journal of lower extremity wounds. 2005; 4: 23-44.

33.	Watson T. Electrical stimulation for wound healing. Physical Therapy 
Reviews. 2013; 89-103.

34.	Kruse CR, Nuutila K, Lee CCY, Kiwanuka E, Singh M, Caterson EJ, et al. 
The external micro environment of healing skin wounds. Wound Repair and 
Regeneration. 2015; 23: 456-464.

http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&src=google&base=LILACS&lang=p&nextAction=lnk&exprSearch=313126&indexSearch=ID
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&src=google&base=LILACS&lang=p&nextAction=lnk&exprSearch=313126&indexSearch=ID
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&src=google&base=LILACS&lang=p&nextAction=lnk&exprSearch=313126&indexSearch=ID
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86501998000200004
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86501998000200004
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86501998000200004
http://www.redalyc.org/pdf/408/40817209.pdf
http://www.redalyc.org/pdf/408/40817209.pdf
http://www.foot.theclinics.com/article/S1083-7515(06)00051-9/abstract
http://www.foot.theclinics.com/article/S1083-7515(06)00051-9/abstract
https://www.ncbi.nlm.nih.gov/pubmed/12636214
https://www.ncbi.nlm.nih.gov/pubmed/12636214
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC424359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC424359/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC424359/
http://europepmc.org/abstract/med/3255729
http://europepmc.org/abstract/med/3255729
http://europepmc.org/abstract/med/3255729
http://europepmc.org/abstract/med/3255729
https://www.ncbi.nlm.nih.gov/pubmed/12138133
https://www.ncbi.nlm.nih.gov/pubmed/12138133
https://www.ncbi.nlm.nih.gov/pubmed/12138133
https://www.ncbi.nlm.nih.gov/pubmed/12138133
http://jasn.asnjournals.org/content/12/5/993.full
http://jasn.asnjournals.org/content/12/5/993.full
http://jasn.asnjournals.org/content/12/5/993.full
http://jasn.asnjournals.org/content/12/5/993.full
https://uncch.pure.elsevier.com/en/publications/effect-of-the-acute-phase-reaction-on-blood-viscosity-after-infra
https://uncch.pure.elsevier.com/en/publications/effect-of-the-acute-phase-reaction-on-blood-viscosity-after-infra
https://uncch.pure.elsevier.com/en/publications/effect-of-the-acute-phase-reaction-on-blood-viscosity-after-infra
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2131884/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2131884/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2131884/
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2249.1993.tb05941.x/full?scrollTo=references
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2249.1993.tb05941.x/full?scrollTo=references
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2249.1993.tb05941.x/full?scrollTo=references
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2249.1993.tb05941.x/full?scrollTo=references
https://www.ncbi.nlm.nih.gov/pubmed/9158120
https://www.ncbi.nlm.nih.gov/pubmed/9158120
https://www.ncbi.nlm.nih.gov/pubmed/11742414
https://www.ncbi.nlm.nih.gov/pubmed/11742414
https://www.jstage.jst.go.jp/article/bpb/37/7/37_b14-00172/_article
https://www.jstage.jst.go.jp/article/bpb/37/7/37_b14-00172/_article
https://www.jstage.jst.go.jp/article/bpb/37/7/37_b14-00172/_article
https://www.jstage.jst.go.jp/article/bpb/37/7/37_b14-00172/_article
https://www.hindawi.com/journals/omcl/2014/479587/
https://www.hindawi.com/journals/omcl/2014/479587/
https://www.hindawi.com/journals/omcl/2014/479587/
https://www.hindawi.com/journals/omcl/2014/479587/
https://www.ncbi.nlm.nih.gov/pubmed/26266763
https://www.ncbi.nlm.nih.gov/pubmed/26266763
https://www.ncbi.nlm.nih.gov/pubmed/26266763
http://link.springer.com/article/10.1007/s00125-014-3300-2
http://link.springer.com/article/10.1007/s00125-014-3300-2
http://link.springer.com/article/10.1007/s00125-014-3300-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3391745/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3391745/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3391745/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3391745/
https://www.ncbi.nlm.nih.gov/pubmed/27661759
https://www.ncbi.nlm.nih.gov/pubmed/27661759
https://www.ncbi.nlm.nih.gov/pubmed/27661759
https://www.ncbi.nlm.nih.gov/pubmed/27661759
https://www.ncbi.nlm.nih.gov/pubmed/27661759
https://www.ncbi.nlm.nih.gov/pubmed/16249417
https://www.ncbi.nlm.nih.gov/pubmed/16249417
https://www.ncbi.nlm.nih.gov/pubmed/16249417
https://www.ncbi.nlm.nih.gov/pubmed/17199834
https://www.ncbi.nlm.nih.gov/pubmed/17199834
https://www.ncbi.nlm.nih.gov/pubmed/17199834
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1357594/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1357594/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1357594/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1357594/
https://www.ncbi.nlm.nih.gov/labs/articles/11368833/
https://www.ncbi.nlm.nih.gov/labs/articles/11368833/
https://www.ncbi.nlm.nih.gov/labs/articles/11368833/
http://journals.lww.com/annalsplasticsurgery/Abstract/2003/08000/A_Review_of_Mechanical_Adjuncts_in_Wound_Healing_.18.aspx?trendmd-shared=0
http://journals.lww.com/annalsplasticsurgery/Abstract/2003/08000/A_Review_of_Mechanical_Adjuncts_in_Wound_Healing_.18.aspx?trendmd-shared=0
http://journals.lww.com/annalsplasticsurgery/Abstract/2003/08000/A_Review_of_Mechanical_Adjuncts_in_Wound_Healing_.18.aspx?trendmd-shared=0
https://www.ncbi.nlm.nih.gov/pubmed/2339476
https://www.ncbi.nlm.nih.gov/pubmed/2339476
http://onlinelibrary.wiley.com/doi/10.1196/annals.1352.040/full
http://onlinelibrary.wiley.com/doi/10.1196/annals.1352.040/full
http://onlinelibrary.wiley.com/doi/10.1196/annals.1352.040/full
http://onlinelibrary.wiley.com/doi/10.1196/annals.1352.040/full
https://www.ncbi.nlm.nih.gov/pubmed/17199470
https://www.ncbi.nlm.nih.gov/pubmed/17199470
https://www.ncbi.nlm.nih.gov/pubmed/17199470
http://revistas.uis.edu.co/index.php/revistasaluduis/article/view/4360/6108
http://revistas.uis.edu.co/index.php/revistasaluduis/article/view/4360/6108
http://revistas.uis.edu.co/index.php/revistasaluduis/article/view/4360/6108
http://revistas.uis.edu.co/index.php/revistasaluduis/article/view/4360/6108
https://www.ncbi.nlm.nih.gov/pubmed/15860450
https://www.ncbi.nlm.nih.gov/pubmed/15860450
https://www.ncbi.nlm.nih.gov/pubmed/15860450
http://www.tandfonline.com/doi/abs/10.1179/ptr.1996.1.2.89
http://www.tandfonline.com/doi/abs/10.1179/ptr.1996.1.2.89
http://onlinelibrary.wiley.com/doi/10.1111/wrr.12303/abstract
http://onlinelibrary.wiley.com/doi/10.1111/wrr.12303/abstract
http://onlinelibrary.wiley.com/doi/10.1111/wrr.12303/abstract

	Title
	Abstract
	Introduction
	Understanding healing process

	Tissue Repair and Growth Factors
	Changes in Extracellular Matrix in the Diabetic State
	Oxidative Stress Metabolism and Healing Process
	Current Advances
	Understanding healing process

	Conclusion
	References

