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WOUND HEALING AND SCAR FORMATION

Preoperative immune enhancing treatment

The basal lamina provides a foundation for epithelium to regenerate.  The extent of damage to the basement membrane therefore determines the extent of tissue regeneration or repair.  For example, in the lung, destruction of T-1 alveolar cells can be repaired through regeneration of these cells if the basement membrane is intact. A similar situation occurs in many tissues such as the kidney and in nerves.  If the basement membrane is destroyed, then repair occurs with loss of function


Cell migration involved in repair requires matrix interactions. Integrins are transmembrane proteins that contact the cytoskeleton.  Integrins also contact the extracellular CT glycoproteins (fibronectin). Migration occurs through release from the CT and reattachment in another location.  

I. All wounds scar! Scar formation may extend for up to a year before full (80%)maturation has been achieved

A. Skin anatomy:
1. Epidermis: < 1mm thick, arises from the basal membrane, anchored to the dermis, consists of differentiating, stratified layers, but no organs, nerve endings or vessels.  It takes about 4 weeks for cells to migrate from the basal cell layers to the surface where they are shed.  

2. Dermis: tough, elastic, supportive, vascularized, innervated, immune cell containing, thicker (1-4 mm), composed of connective tissue, and adnexal  structures (hair follicles, sebaceous glands, sweat glands, nerve fibers, vessels)

The dermis is the most important layer during wound healing!

3. Subcutaneous/subcuticular/subQ layer: insulating fat and connective tissue

B. Phases of wound healing: (overlapping series of events)
1. Hemostasis (first few minutes): 

a. Injury to a blood vessel ( adhesion of fragile platelets to exposed collagen fibers ( platelets release serotonin ( contraction of vessel smooth muscle cells (temporarily slows blood loss/hemostatis)
b. Platelet also release ADP (stored in vesicles) ( platelet aggregation ( temporary hemostatic plug
c. Platelet plug is reinforced by deposition of fibrin mesh which traps RBCs and additional platelets ( tight blood clot

d. Clotting cascade: Fibrin is formed from the action of protease enzyme thrombin on fibrinogen (profibrin) which is a circulating protein made by the liver

e. Thrombin is formed from the action of factor X and Ca++ on prothrombin

f. Factor X is activated by the intrinsic (blood contacts abnormal surface) or extrinsic (damaged tissue) pathway

g. ATP and platelet actin cause clot contraction leading to wound approximation, improving hemostasis and facilitating wound closure and repair
2. Inflammation (begins immediately; lasts several days)

a. Platelets secrete cytokines( anaphylatoxin increases vascular permeability and attracts neutrophils (arriving w/in 5-6 hours)( anti-microbial activity for 3-4+ days.  Macrophages arrive and  secrete growth factors, TNF and interleukins which orchestrate wound healing.  Macrophages also phagocytose bacteria and necrotic tissue and remove fibrin clot.

b. Re-epithelialization (approx 1 mm/day in open wounds): basal cells begin to migrate over the gap w/in hours of the injury ( gap is bridged in 24-48 hours
c. Keratinization: proliferation 1-2 days post injury at wound margins ( migration and attachment to new basal membrane
3. Granulation: (begins 3-4 days post injury lasting about 3 weeks)

a. Fibroblast migration(fibronectin matrix(then collagen and other components of connective tissue (CT)

b. Collagen thickens and lies across the incision by approx the 8th day

c. Angiogenesis + fibroblasts = granulation tissue

4. Remodeling and wound contraction (3 weeks to 6-18 months)

a. Cross-linking collagen ( triple helices

b. Orientation ( increasing tensile strength without increasing the amount of collagen

c. Equilibrium of collagen production and degradation

d. At 3-4 weeks, tensile strength is 30-40% of normal skin and steadily increases for up to a year reaching approximately  80% pre-injury strength.

e. Myofibroblasts conduct wound contracture (approx. 0.75 mm/day)

f. Decreasing number of fibroblasts, macrophages and vascularity during this time

g. Collagen fibers are continuously reoriented by mechanical stress and final scar appearance is a function of wound tension, pressure, age, and oxygen supply

h. Avoid wound contracture (development of a tight scar due to excessive contraction which limits motion and causes deformity)

C. Scar maturation: all scars mature over a period of months

1. Young scars: prominent, red, firm, often raised (d/t increased vascularity and collagen – up to 3 months)

2. Vessels and collagen amount gradually decrease over time, softening an fading the scar

D. Factors Influencing Wound Healing:

1. Healing time increased by: infection (the single most important cause of delayed wound healing), hematoma, excess tension, tissue reaction, low pO2, malnutrition, old age, anemia, uremia, diabetes, alcoholism, hypovolemia/dehydration, steroids, smoking

2. Healing time optimized by: sterile technique, optimal hygiene, adequate blood supply, low tension, optimal nutrition, and a clean, “tidy” wound

E. Abnormal wound healing & abnormal scarring (abnormal equilibrium between collagen production and degradation):

1. Hypertrophic scars: most common type of abnormal scars, wide, red, elevated – remains confined to the site of the original injury
2. Keloid: a scar which continues to enlarge beyond the original dimensions of the wound in a pseudotumor fashion; genetic predisposition (most prevalent in dark-skinned people); unknown etiology

F. Factors predisposing to abnormal wound healing

1. Excess inflammation: infection, non-viable tissue, retained foreign material

2. Time: increased healing time ( increased scar formation

3. Degree of injury: great degree of tissue injury ( increased scar formation

4. Wound tension: greater wound tension(increased scar formation

5. Age: children and adolescents have a higher likelihood of increased scar formation/ hypertrophic scar formation

6. Location: sternum and shoulder( higher possibility of increased scar formation

7. Orientation: more perpendicular to normal skin tension lines( increased scar formation

G. Nutrition and wound healing:

1. Vitamins: 

a. A: epithelial tissue development and maintenance as well as protein synthesis

b. B-complex: collagen cross-linking, DNA synthesis 

c. C: collagen formation, healing of CONTROLLED TRIALS (1 g qd)

d. E: optimizes scar formation, prevents adhesions (400 IU qd)

e. K: protein synthesis, involved in the clotting cascade, reducing inflammation

2. Minerals:

a. Zinc: necessary for DNA, RNA, collagen synthesis and cross-linking, optimizes immune function (30 mg qd)

b. Copper (2 mg qd), Manganese (10 mg qd): collagen cross-linking 

3. Botanicals:

a. Flavonoids reduce scar formation, enhances collagen stabilization, anti-inflammatory

b. Bromelain: anti-inflammatory, Abx, reduces healing time, reduces pain

4. Digestive enzymes: reduce inflammation and pain reduction

5. Preoperative immune enhancing treatment:

· Centella asiatica (60-120 mg/day standardized extract). Stimulates collagen synthesis, increases vascularization of connective tissue, general wound healing activity -effects enhanced with Vit. C 

· Echinacea species tincture (1-2 tsp/day) for few days before surgery for anti-inflammatory and tissue regeneration  qualities.

· Vitamin E (400-800 I.U./day)  for several days. Immune system enhancing & protecting, and beneficial to skin in many conditions. 

· Bromelain 125-450 mg TID, for three days prior. 

· Vitamin C

H. WOUND TYPE DESCRIBED BY DEPTH

1. Partial thickness: epidermis and partial dermis (abrasions, shave excisions, curettage, electrodessication), quick healing, minimal scarring depending on extent of dermal involvement
2. Full thickness: epidermis and full dermis ( subQ fat; scar will form, may require healing by secondary intention
I. METHODS OF CLOSURE:

1. Primary closure: 
a. immediate suture therefore, reepithelialization and wound contraction play relatively minor roles.
b. clean wounds, minimal contamination, minimal tissue loss or devitalization, caused by a shearing force (i.e. knife)
c. < 6-12 hrs or older 12-24 hrs if very clean, 
d. good blood supply (face and neck)
2. Secondary Intention
a. No suture
b. grossly contaminated, infection, or primary wounds that have become infection, significant tissue loss:  avulsion, ulceration, abscess.
c. variable 
d. wound contraction, granulation, epithelialization ( slow healing and highly scarring
3. Delayed primary closure or Tertiary Intention
a. delayed suture of previously contaminated wound after 3-4 days if clean wound (no pus, necrosis, infection)
b. < 12-24 hrs
c. irrigate, debride, pack w/ moist sterile dressing
d. no increase in scarring as the granulation phase has not begun.
