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Abbreviations: (TGF)-β, Transforming growth factor; PDGF, 
platelet-derived growth factor; FGF, fibroblast growth factor; EGF, 
epidermal growth factor, MMPs, matrix metalloproteases; ECM, 
extracellular matrix; FTSG, full-thickness skin grafts; STSG, 
split-thickness skin grafts; ADM, acellular dermal matrix; EpSCs, 
epidermal stem cells

Normal wound-healing process
Wound healing is a complex physiological activity that occurs 

in the body when cell tissue is injured.1 The process occurs in four 
overlapping stages and includes many different cytokines, mediators, 
and the vascular system. The four stages include homeostasis, 
inflammation, proliferation, and tissue remodeling. The inflammation 
and proliferation stages overlap each other and use similar cell types. 
The whole wound-healing process takes a couple of days to seal the 
wound but years for it to completely heal.1 

Once a wound has been created the homeostasis stage begins 
immediately to help control the bleeding.2 The body begins with 
vascular constriction and fibrin clots to stop the bleeding. Several 
growth factors: (TGF)-β, platelet-derived growth factor (PDGF), 
fibroblast growth factor (FGF), and epidermal growth factor (EGF) 
are released to help repair the tissue.2 The wound healing-healing 
process moves onto the inflammatory stage once the inflammatory 
cells move to the wound. The inflammation cells are followed by 
neutrophils, macrophages, and lymphocytes to help prevent infection 
and remove anything that would hamper the wound-healing process. 
The proliferation stage occurs during the inflammation stage with 
the introduction of macrophages.3 The macrophages are important to 
heal cell tissues in the wound. The proliferation stage helps repair and 
create new tissue for the wound. Fibroblasts and endothelial cells are 
released during this stage to help create new cells that were lost from 
the wound.3

The final stage of the wound-healing process is the tissue 
remodeling stage and is the longest stage. The process takes years 
to undo the last three stages.4 The new capillaries start to return to 
their normal vascular density.4 The cells created by the previous 
three stages are destroyed naturally through apoptosis. The wound-
healing process can be delayed if the wound becomes infected or if 
one of the stages does not function correctly. The delay of the wound 
would create a chronic wound which would require outside medical 
assistance to treat the wound properly.4

Chronic wounds
Chronic wounds arise when the normal wound-healing process 

is disrupted.2 The disruption occurs from many different factors. 
Chronic wounds can be very difficult to treat since there are different 
factors and types of chronic wounds to be treated. Chronic wounds 
generally have two important factors and four different types of ulcers 
created by those wounds. Oxygen is the most important factor that 
plays a critical role in the wound-healing process.2 Oxygen prevents 
infections, induces angiogenesis, enhances fibroblast, and collagen 
synthesis, and promotes wound contraction.2 Oxygen is needed for 
the wound-healing process and is therefore consumed and makes the 
wound area hypoxic. Health conditions such as old age and diabetes 
will hamper the vascular flow and prevent oxygen from returning to 
the wound area. The lack of oxygen makes the wound into a chronic 
wound and puts the wound-healing process on hold until enough 
oxygen is restored to the hypoxic wound.2

The second most common factor for chronic wounds is infection. 
The wound can be affected by contamination if it is not kept clean. The 
infection forces the inflammation stage to continue until the wound is 
completely clean from contamination. The prolonged inflammatory 
stage increases the level of matrix metalloproteases (MMPs) which 
degrades the extracellular matrix (ECM). The degradation of ECM 
causes the growth factors to degrade creating a very serious chronic 
wound.2 Chronic wounds created by oxygen and infections can create 
different types of ulcers.2

Four major types of ulcers exist and contain different 
characteristics. The first type of ulcer is an arterial ulcer. The arterial 
ulcer is located near the ankle and is deep exposing many structures 
under the skin. The next type of ulcer is a diabetic ulcer. A diabetic 
ulcer is an open sore that is common in people who have diabetes.4 
The third is a pressure ulcer.4 The pressure ulcer looks very boney and 
is caused by the lack of blood flow due to vascular constriction. The 
final type of ulcer is a venous ulcer. The venous ulcer is very shallow 
and is caused by blood flow issues. Knowing the different types of 
ulcers and factors gives an idea of how to use different treatments to 
heal a chronic wound.4

Treatments 
Treating a chronic wound depends on the severity and the size of 

the wound in question.5 The first is to clean the wound.[5] A typical 
chronic wound is treated with alcohol or a saline solution to clean it.5 
Serious chronic wounds with dead and inflamed skin would require 
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Abstract

Wound healing is a natural phenomenon that repairs injured cell tissues in the body. The 
process occurs in four overlapping stages, but when interrupted it leads to a chronic wound. 
Factors that can cause chronic wounds are oxygen and infection from outside sources. 
Current treatments include standard cleaning and patching of the wound. Unique treatments 
are also available for more serious chronic wounds in the form of therapies, fibrin sealants, 
and skin grafts.
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debridement. The wound is cleaned by removing excess skin with 
tweezers and cleaned with a high-pressure water jet. The chronic is 
patched using a dressing. The dressings are used to remove excess 
fluid from the wound and prevent further infection. The different types 
of dressing include gauze, films, foam, hydrogel, hydrocolloid, and 
dressings containing silver or alginates. Wounds with poor circulation 
require a compression stocking or bandages to help improve blood 
flow through the wound.5

Certain therapies are available if the chronic wound is still infected 
after initial treatment. Hyperbaric oxygen therapy has the patient in 
a special oxygen chamber with high pressure. The pressure from the 
oxygen will increase the concentration of oxygen inside the patient 
and improve the blood supply in the infected area. Negative pressure 
wound therapy is another treatment. A dressing connected to a pump is 
applied to a wound and pumps liquid out of the wound. The treatment 
creates negative pressure on the top of the wound.5

A new type of treatment that is emerging is the use of fibrin to 
stop bleeding and seal the wound.6 Fibrin is a special hemostatic 
protein that helps the hemostasis stage of the wound-healing process 
by stopping blood leakage.6 Fibrin products are special because they 
can control the release of growth factors which are important for 
the wound to continue the wound healing process.7 Previous studies 
have shown that fibrin is an excellent delivery of keratinocyte growth 
factors and epidermal growth factors to the wound to help with the 
coagulation cascade.8,9 The structure of fibrin is made of two sets of 
Aalpha-chains, Bbeta-chains, and two y-chains connected by disulfide 
bridges.10 In order for the fibrin to complete coagulation it must 
remove the fibrinopeptide from the terminal segments of the Aalpha-
chains and Bbeta-chains.10 The fibrin is then converted into monomers 
which form a network of fibrin fibers  The network is stabilized by 
thrombin during fibrin polymerization and helps cross-link the fibers 
into a clot.11 The fibrin can crosslink due to transglutaminase reactions 
between two y-chains or between a y-chain and an alpha-chain. The 
cross-links can form a fibrin clot that can be used to help seal chronic 
wounds.12

The only fibrin sealant product on the market is TISSEEL.6 The 
product uses fibrin proteins to mimic blood clotting and restore the 
wound-healing process. The product is very versatile with its different 
applicators and has precise placement due to its design. Grifols is 
currently in phase III of a clinical trial on its own fibrin sealant.13 
The fibrin product is a dual-component fibrin sealant that contains 
human fibrinogen, human thrombin, and calcium chloride.14  The 
combination of these products creates a cross-linked fibrin clot that 
mimics the final steps of blood clotting in the wound-healing process. 

Fibrin products are a great way for doctors to seal small chronic 
wounds, but not for larger wounds.5 Doctors use what are called skin 
grafts to seal large wounds that fibrin sealants cannot close. Skin grafts 
are created from human cells and synthetic materials.15 Currently, 
there exist two types of skin grafts: full-thickness skin grafts (FTSG) 
and split-thickness skin grafts (STSG). An FTSG procedure has the 
surgeon fully remove all the epidermis and dermis from one part of 
the body and place it on the wound area to seal the large wound.16 
The graft heavily depends on the ingrowth of capillary tubes so that 
vascular activity can occur.16 FTSGs do not need to change the chronic 
wound site to fit with the skin graft. The main problem with FTSGs is 
that they are very susceptible to graft failure and have limited sources. 
The risk of graft failure and limited supply makes doctors choose 
STSGs over FTSGs.16

STSGs are created by having surgeons remove the epidermis and 
only a fraction of the dermis.17 The STSGs can be obtained from 

many different sources such as autograft, homograft, allograft, and 
xenograft.17 The procedure for the STSGs has the surgeon place the 
graft over the wound to close it. The multiple sources give STSGs an 
advantage over FTSGs because of the limited options FTSGs have. 
The main disadvantage of STSGs is that they are more fragile and 
have a high chance of shrinking.18 The cause for the disadvantages 
is the lack of dermis taken from the donor section. Despite all the 
shortcomings STSGs remain the doctors’ first choice for most skin 
graft procedures.18

Exciting new research is currently being conducted with STSGs 
to help make skin grafts more durable for patients. The research 
involves combining STGS with an acellular dermal matrix (ADM) to 
remove the previous constraints STSGs had. The main problem in this 
experiment is that ADM causes delayed vascularization, which defeats 
the purpose of skin grafts.19 The researchers combat this problem with 
epidermal stem cells (EpSCs). The EpSCs are rare stem cells but can 
heal wounds very fast and leave little to no scarring compared to 
other wound-healing stem cells.20 The group did the experiment on 
mice and used different combinations of STSGs, EpSCs, and ADM 
to see their effects on wound healing. The experiment showed that 
the combination of STSGs, ADM, and EpSCs in mice can do a one-
step repair on a full-thickness wound with little shrinkage and more 
durability.18

 Conclusion
The wound-healing process is a complicated multi-step process 

that contains some overlap between the stages. Interruption of 
the wound-healing process will cause a normal wound to turn 
into a chronic wound. A chronic wound could be caused by many 
different lifestyle factors such as obesity, diabetes, and age but all 
contain some root causes. Important root causes for chronic wounds 
are oxygen deficiency or bacterial infection. Chronic wounds are 
normally treated by disinfecting the wound with alcohol or a saline 
solution and patching with the appropriate dressing. Serious chronic 
wounds will require additional treatment and therapies. Hyperbaric 
oxygen treatment and negative pressure wound therapy are examples 
of therapies that can be used to treat chronic wounds. Alternative 
products exist to help with chronic wounds such as the fibrin sealant 
TISSEEL. The sealant allows the precise application of fibrin proteins 
to help stop bleeding from chronic wounds and seal them. The 
proteins mimic the final steps of blood clotting to seal the wound and 
continue the wound-healing process. Skin grafts are another treatment 
that closes the wound to help prevent infection and close the wound. 
New research has improved skin grafts so that they are more durable 
and repair the wound in a one-step process.
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