
(e.g., Marjolin’s ulcer).5,6 Lastly, diabetic foot ulcers are the most
common causes of non-traumatic amputation in the United
States.7

Pathophysiology 
Acute wound healing is a carefully choreographed process

involving a highly regulated cascade of events with interactions
among many cell types, soluble factors, and matrix components.
(See Figure 1.) There are four distinct though overlapping phases
of acute wound healing consisting of hemostasis, inflammation,
proliferation, and remodeling. The hemostatic phase is controlled
by platelets, which ensure wound stabilization by providing a
provisional fibrin matrix and the release of chemical signals that
recruit inflammatory cells into the wounded tissue. The inflam-
matory phase, which initially is dominated by neutrophils and
subsequently by macrophages, prepares the wound bed by killing
bacteria and removing devitalized tissue, as well as recruiting
fibroblasts. The proliferative phase is characterized by fibroblasts
laying down a stable extracellular matrix (ECM). During the
remodeling phase, collagen synthesis and degradation continue
in an effort to reestablish an equilibrium that results in a stable,
mature scar. As the scar matures it eventually achieve approxi-
mately 80% of the tensile strength of normal skin.  

The inflammatory reaction of a chronic wound differs
markedly from that of an acute healing wound. Under normal
conditions, inflammation is a very necessary but self-limiting
process. In contrast, inflammation in a chronic wound becomes a
self-feeding cycle and serves only to cause further injury and
promote inflammation. In an acute wound, activated neutrophils
are virtually nonexistent after the first 72 hours, whereas in a
chronic wound neutrophils are present throughout the healing
process.8-11

It is hypothesized that the reason some wounds fail to
progress in a normal fashion is based on a combination of three
major factors: changes associated with aging (increased fragility
of skin, senescence of fibroblasts, decreased re-epithelialization,
depressed collagen synthesis, impaired angiogenesis, etc.) ,
repeated ischemia-reperfusion injury, and bacterial colonization
with resulting inflammatory response.12,13 Neutrophils continue
to be recruited and activated by the continued stimulus of tissue
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Table 1. Etiologies of Nonhealing Wounds

HEMATOLOGIC

• Polycythemia rubra vera
• Sickle cell disease
• Cryoglobinemia

NEOPLASTIC

• Basal carcinoma
• Squamous cell carcinoma
• Melanoma
• Marjolin’s ulcer
• Bowen’s disease

NEUROPATHIC

• Diabetes
• Peripheral neuropathy

OTHERS

• Sarcoidosis
• Obesity
• Tropical ulcer
• Pyoderma gangrenosum
• Necrobiosis lipoidica
• Diabetecorum

PRESSURE

• Spinal cord injury
• Bedbound
• Elderly

TRAUMATIC

• Burns
• Cold injury
• Radiation
• Factitious

VASCULAR

Arterial
• Atherosclerosis
• Arterial venous malformation (AVM) 
Embolic
• Cholesterol
• Atheromatous
• Septic
Lymphatic
• Lymphedema
Mixed venous-arterial
Vasculitis
• Systemic lupus erythematosis
• Rheumatoid arthritis
• Scleroderma
• Polyarteritis nodosa
• Wegener’s granulomatosis
Venous
• Venous stasis
Hypertensive
• Ischemic

Table 2. Factors That May Impair Normal
Wound Healing

• Age 
• Poor nutrition
• Poor compliance
• Obesity
• Immunosuppressive medications
• NSAID use
• Illicit drug use
• Dialysis
• Chronic obstructive pulmonary disease (COPD)
• Smoking
• Transfusion


