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Wound 

Disturbance in the normal skin anatomy and function; tissue injury 

resulting in the “loss of continuity of epithelium 

with or without the loss of underlying connective tissue” 
Wound Healing Society 



http://www.theveterinarysurgeon.com/en_US/content/chapter-6/6-1-3-
classification-of-surgical-wounds-and-infections 

Wound Classification  

based on  

Microbial Contamination 



Wound Classification  

based on Bone 

Fracture 

 

Garzotto 2015 



Types of Wound 

Healing 



Stages of 

Primary Wound 

Healing 

Hemostasis Stage 

 

 

Inflammatory or 

Debridement Stage 

 

 

Repair or Proliferative Stage 

 

 

Maturation or Remodeling 

Stage 







Hemostasis 

Stage 

0-6 hours 

 

Platelet Aggregation 

 

Platelet Degranulation 

 

Vasoconstriction 

 

Fibrin Clot 

 

http://biology-forums.com/index.php?action=gallery;sa=view;id=15063 



Sun et al, 2014 



Platelet-Mediated  

Growth Factors 

Strodtbeck, 2001 





Inflammatory or  

Debridement 

Stage 

6 hours – 5 days 

 

Neutrophil Infiltration 

 

Monocyte Infiltration  

 

Differentiation to 

Macrophages 

 

Increased Endothelium 

Permeability and Perfusion 

 

Wound Debridement 

http://biology-forums.com/index.php?action=gallery;sa=view;id=15063 



Sun et al, 2014 





Repair or 

Proliferative 

Stage 

5 - 21 days 

 

Angiogenesis 

 

Re-epithelialization 

 

Collagen Synthesis 

 

Extracellular Matrix 

Formation 

http://biology-forums.com/index.php?action=gallery;sa=view;id=15063 



Sun et al, 2014 





Maturation 

Stage 

21 days to months 

 

 

Collagen Cross-Linking 

 

 

Vascular Maturation  

 

http://biology-forums.com/index.php?action=gallery;sa=view;id=15063 



Sun et al, 2014 



Factors Affecting Wound Healing 

Sun et al, 2014 



Iatrogenic: 

 Hypotonic solutions (water) 

 Highly concentrated antiseptic solutions: cytotoxic 

 Removal of granulation tissue 

Factors Affecting Wound Healing 



Factors Affecting Wound Healing 



Wound Cleansing 

► Delivery 
► Solution  

► Pressure 

► Continuous vs 

Pulsatile 

 

► Volume 

 

► Additives 
► Antibiotics 

► Antiseptics 

 

 
Barnes et al, 2014 

http://origin.library.constantcontact.com/download/get/file/1113340357784192/Wound+Flushing+Techniques+Reviewed

+Mueller+050414.pdf 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj40Y3kr5vKAhVBvBoKHQ3tDK0QjRwIBw&url=http://archive.constantcontact.com/fs152/1113340357784/archive/1117235062553.html&psig=AFQjCNFbNtQ3LHVPCog_1Wo2NixdYzapHw&ust=1452382274019030


Wound Cleansing: Solution 

► Tap Water: alkaline pH, hypotonic, cytotoxic trace elements 

produced severe fibroblast injury at all time points (0.5, 1, 2.5, 5,10 

minutes) 

 

► Normal Saline: acidic pH, lack of a buffering system produced 

fibroblast injury at 10 min 

 

► LRS: ideal lavage solution 



Wound Cleansing: Pressure 

► Solution bottles with holes on cap do not provide adequate 

flushing pressure 

 

► 35 ml syringe w/any size needle will produce >7-8 psi, which can 

damage tissues 

 

► Ideal method: 1L fluid bag pressurized to 300 mmHg generates 7-

8 psi 



Wound Cleansing: Volume 

► 50 to 100 mL per centimeter of laceration length or square 

centimeter of a wound 

 

► Heavy contamination and debris may require larger volumes 

 

 



Wound Cleansing: Antibiotics 

► Antibiotics in irrigation solutions do NOT appear to significantly 

improve clinical outcomes 

 

► May lead to anaphylaxis, bacterial resistance, systemic absorption 

and toxicity 

 

► Increased cost 



Wound Cleansing: Antiseptics 

► 0.05% chlorhexidine was bactericidal vs 1% iodine which was not 

► Chlorhexidine > healing and contraction compared to iodine 

► 0.05% chlorhexidine in sterile water, saline and LRS =100% bacterial kill 

► No significant differences in wound contraction or epithelialization 

 



Wound Debridement 

 Surgical Debridement: selective, fast, 
revitalizing the wound 

 

 Mechanical Debridement: non-
selective, can damage granulation 
tissue and wound bed 

 

 Autolytic Debridement: selective,  
slow, promotes natural endogenous 
debridement 

 

 Enzymatic Debridement: selective, 
uses exogenous enzymes for 
debridement 

 

 



Wound Dressings 

► Appropriate dressing 

should be chosen 

dependent on:  

 

► Healing phase 

 

► Exudate amount 

Dissemond et al, 2014 



Wet-to-Dry Dressings 

► “The scientific literature supports 

mechanical debridement by wet-

to-dry dressings only when the 
benefit of removing non-viable 

tissue from the wound bed 

outweighs the risks of detrimental 

disruption of healthy granulating 

tissue in the wound bed (such as 

when >50% nonviable tissue is 

present in the wound bed).” Cowen 

et al, 2009. 

 

 



Drains 

 Classification 

 Active: Jackson-Pratt 

 Passive: Penrose 

 Indications 

 Contaminated or dirty wounds 

 Large amount of dead space 

 Do not place directly under 

wound closure 

 Do not exit from the wound 

itself 

 Most drains removed in 3-5 

days 

A: Incorrect placement          B: Correct placement  



Drains 

 

 < 0.2 mL/kg/h (4.8 mL/kg/d) at the time of drain removal were 
significantly less likely to form a seroma, may be a useful clinical 
benchmark for drain removal 

 

 6.6% had surgical site infection, unknown if these had 
contaminated drain 

 



Techniques that Promote 

Healing 

http://www.enluxtrawoundcare.com/non-healing-wounds.html 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjC6O3Y9JrKAhVC2B4KHfAoAuUQjRwIBw&url=http://www.enluxtrawoundcare.com/non-healing-wounds.html&psig=AFQjCNEl88y5S8HSFSolkJsrGGr5LyAO2g&ust=1452366302729156


Negative Pressure Wound Therapy 

https://www.youtube.com/watch?v=MDo1dhH7Ktw 



► Graft acceptance was superior  

 

► Fibroplasia was enhanced 

 

► Open meshes closed faster  



► Mean 3 days with NPWT 

 

► NPWT wounds closed < time vs traditional 

management in traumatic injuries 

 

► Changed every 3 days 

 

► Successful at home care in 3 patients 

 



Low Level Laser Therapy 

http://spie.org/newsroom/technical-articles-archive/1669-low-level-laser-therapy-an-emerging-
clinical-paradigm?highlight=x2404 



Low Level Laser Therapy 



Low Level Laser Therapy 

► No apparent beneficial effects of LLLT  

► LLLT group (3-5 days) vs control group (14 days) 



Low Level Laser Therapy 

► 22 healthy patients, 2 1.3 cm abrasions 

 

► 1 wound LLLT vs sham therapy, the other wound 

was left untreated, daily Tx 10 days, photos daily 

and on day 20 

 

► LLLT resulted in enhanced healing 

 

► LLLT resulted in indirect healing effect on 

    surrounding tissues 

 



Hyperbaric Oxygen Therapy 

 Hyperoxygenation: ↑ from 21% to 

100% O2  delivery, ↑ in free O2  in 

plasma 

 

 Vasoconstriction: decrease in edema 

 

 Bactericidal and AB Synergy 

 

 Superoxide Dismutase Stimulation: 
antioxidant production 

 Inflammation and Immune 

Modulation: PaO2 <30 mmHg ↓ 

bactericidal action neutrophils  

 

 Angiogenesis 

 

 Increases Fibroblast, Collagen and 

Bone Production 



Hyperbaric Oxygen Therapy 

Normal Blood Flow 

Increase in normal O2 delivery is limited to Hb saturation 

 

 

http://wesleyhyperbaric.com.au/hbot-diagrams/ 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwik26GHgsnKAhVCGT4KHYxKDwsQjRwIBw&url=http://www.rnceus.com/abgs/abgcurve.html&psig=AFQjCNEn0tNowr_sNgQ26M0l1NeJad6j7g&ust=1453950554585146


Hyperbaric Oxygen Therapy 

Compromised Blood Flow 

 

http://wesleyhyperbaric.com.au/hbot-diagrams/ 



Hyperbaric Oxygen Therapy 

Hyperbaric Oxygen 

Increased pressure will cause more O2 to go into solution, and 

therefore more oxygen will be transported in the plasma 

 

http://wesleyhyperbaric.com.au/hbot-diagrams/ 



Hyperbaric Oxygen Therapy 

Neovascular  Regeneration 

 

http://wesleyhyperbaric.com.au/hbot-diagrams/ 



Hyperbaric Oxygen Therapy 

Hunt 1988 

 Hypoxic wounds are more 

susceptible to infection, 

delayed healing 

 

 Transcutaneous tissue PO2 can 

be used to assess tissue 

oxygenation 

 

 Hypoxia leads to ↓ ROS 

production, important in 

oxidative eradication of 

bacteria 

 



► 40 patients with complex wounds (defined as non-healing wounds, 

treated unsuccessfully with standard wound care for 6 months) 

 

► HBOT Mon-Fri, for 8 weeks 

► 78% healed wounds after 8 weeks 

 

► 5 HBO treatments, wound size 

<29.7% 

 

► 10 HBO treatments, wound size 

<17% 



Water Moccasin Envenomation 
1HBOT session 

Courtesy of Dr. Justin Schmalberg DVM, DACVN, CVA 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCIjMife6_8gCFUzpJgoddtMNPQ&url=http://jacksonville.com/news/health-and-fitness/2013-11-20/story/hyperbaric-oxygen-therapy-chamber-helps-heal-animals&psig=AFQjCNFQqm4fsg03bSRuC1t9exiABi82Sw&ust=1447025049386959


Courtesy of Dr. Justin Schmalberg DVM, DACVN, CVA 

Cutaneous Pythium, HBOT over 7 months 

 



Conclusions 

 Healing stage of the wound should be evaluated to make clinical 

decisions  

 

 Wounds should not ALL receive the same management 

 

 Complex wounds (infected, chronic, etc.) should be evaluated for 

enhanced healing techniques if available 

 

 



Questions 

 

Name the 4 stages of Wound Healing 

  

 Hemostasis  

Inflammation/Debridement 

 Repair/Proliferation 

Maturation 
 



Questions 

 

 

Name the 
Stage of 

Wound Healing 

Inflammation/ 
Debridement 
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Name the 
Stage of 

Wound Healing 

Repair/ 
Proliferation 
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Name the 

Stage of 

Wound Healing 

Hemostasis 
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Name the 
Stage of 

Wound Healing 

Inflammation/ 
Debridement 
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Wound Solutions 

 0.05% Chlorhexidine solution:  

25 ml of 2% chlorhexidine solution + 1000 ml electrolyte 
solution 

  0.1% Povidone-Iodine solution: 

10 ml of 10% povidone-iodine solution + 1000 ml 
electrolyte solution (inactivated by organic material) 

 Tris-EDTA solution: (Pseudomonas aeruginosa, Escherichia 
coli, and Proteus vulgaris) 

 1.2 g of EDTA + 6.05 g of tris + 1000  ml sterile water. Na 
 added until pH is 8, autoclaved for 15 minutes. Can be 
 added to 0.01% chlorhexidine gluconate solution.  

 





Honey Dressing Considerations 





Strodtbeck et al, 2001 






