
CHAPTER II
LITERATURE REVIEW

2.1 Pathogenesis of Foot Ulceration
The etiology of diabetic foot ulcers usually has many components (Boyko et al., 

1999; Frykberg et al., 2000).
A multicenter study attributed 63 percent of diabetic foot ulcers to the critical 

triad of peripheral sensory neuropathy, peripheral arterial occlusive disease and 
structural foot deformity (Reiber et al., 1999).

Many of the risk factors for foot ulcer are also predisposing factors for 
amputation, because ulcers are primary causes leading to amputation (Pecoraro et al., 
1990; Armstrong & Lavery, 1998; Boyko et al., 1999).

N e u r o p a t h i c  U l c e r

The pathophysiology of diabetic foot ulceration is multifactorial, but peripheral 
neuropathy is thought to be responsible for most cases. Diabetic neuropathy means 
damage of nerve fibres in people with diabetes. How the nerves are injured is not 
entirely clear but research suggests that high blood glucose changes the metabolism of 
nerve cells and causes reduced blood flow to the nerve. There are different types of 
nerves in the body. These can be grouped as:

• sensory (detect sensation such as heat, cold, pain)
• motor (contract muscles to control movement)
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• autonomic (regulate functions one cannot control directly, such as heart 
rate and digestion)

Distal symmetric polyneuropathy is perhaps the most common complication 
affecting the lower extremities of patients with diabetes mellitus. This complication 
occurs in up to 58 percent of patients with longstanding disease (Harati, 1994). 
Neuropathy, a major étiologie component of most diabetic ulcerations, is present in 
more than 82 percent of diabetic patients with foot wounds (Pecoraro et ah, 1990). 
This lack of protective sensation, combined with unaccommodated foot deformities, 
exposes patients to undue sudden or repetitive stress that leads to eventual ulcer 
formation with a risk of infection and possible amputation (Brand, 1991).

In the diabetic feet, autonomic neuropathy has several common manifestations. 
First, denervation of dermal structures leads to decreased sweating. This causes dry 
skin and fissure formation, which predispose the skin to infection. In vascularly 
competent patients, this "autosympathectomy" may lead to increased blood flow, 
which has been implicated as one of the primary étiologie factors in the development 
of Charcot's joint and severe foot deformity (Brower & Allman, 1981; Edmonds et ah, 
1985; Armstrong et ah, 1997).

Motor neuropathy leading to small muscle wasting leads to an imbalance 
between flexors and extensors of the lower limb, causing clawing of toes and 
prominence of the metatarsal heads, thus providing appropriate conditions for 
ulceration (American Diabetes Association, 1999; Boulton, 1996).

These changes along with those previously mentioned lead to a cascade of 
events resulting in changes to the foot itself. According to Boultonet et ah (2004), the 
“triad of neuropathy, deformity and trauma is present in almost two thirds of patients
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with foot ulcers.” The structural changes discussed along with vascular insufficiency, 
infection and pressure predispose the person with diabetes (PWD) to develop foot 
ulceration (Figure 1).

Figure 2: Pathway to Diabetic Foot Ulcer

Rarer conditions responsible for neuropathic ulcers include chronic alcoholism 
with malnutrition, leprosy, tabes dorsalis, spina bifida, and syringomyelia (Goldstein
et al., 1998).
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P e r i p h e r a l  A r t e r i a l  O c c l u s i v e  D i s e a s e

Peripheral arterial occlusive disease is four times more prevalent in diabetics 
than in nondiabetics (Kannel & McGee, 1979). The arterial occlusion typically 
involves the tibial and peroneal arteries but spares the dorsalis pedis artery (LoGerfo 
& Coffman, 1984). Smoking, hypertension and hyperlipidemia commonly contribute 
to the increased prevalence of peripheral arterial occlusive disease in diabetics 
(Kannel & McGee, 1985; Lee et al., 1993).

The presence of lower extremity ischemia is suggested by a combination of 
clinical signs and symptoms plus abnormal results on noninvasive vascular tests. 
Signs and symptoms may include claudication, pain occurring in the arch or forefoot 
at rest or during the night, absent popliteal or posterior tibial pulses, thinned or shiny 
skin, absence of hair on the lower leg and foot, thickened nails, redness of the affected 
area when the legs are dependent, or "dangled," and pallor when the foot is elevated 
(Armstrong & Lavery, 1998).

Noninvasive vascular tests include transcutaneous oxygen measurement 
(Bacharach et al., 1992), the ankle-brachial index (ABI) and the absolute toe systolic 
pressure (Apelqvist et al., 1989; Orchard & Strandness, 1993). The ABI is a 
noninvasive test that can be performed easily in the office using a handheld Doppler 
device. A blood pressure cuff is placed on the upper arm and inflated until no brachial 
pulse is detected by the Doppler device. The cuff is then slowly deflated until a 
Doppler-detected pulse returns (the systolic pressure). This maneuver is repeated on 
the leg, with the cuff wrapped around the distal calf and the Doppler device placed 
over the dorsalis pedis or posterior tibial artery. The ankle systolic pressure divided by
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t h e  b r a c h i a l  s y s t o l i c  p r e s s u r e  g i v e s  t h e  A B I  ( A p e l q v i s t  e t  a h ,  1 9 8 9 ;  B a c h a r a c h  e t  a h ,  

1 9 9 2 ;  O r c h a r d  e t  a h ,  1 9 9 3 ) .

T h e  s e n s i t i v i t y  a n d  s p e c i f i c i t y  o f  n o n i n v a s i v e  v a s c u l a r  t e s t s  a r e  a  m a t t e r  o f  s o m e  

c o n t r o v e r s y .  T h e  n o n i n v a s i v e  t e s t s  h a v e  b e e n  f a u l t e d  f o r  u n d e r e s t i m a t i n g  t h e  s e v e r i t y  

o f  a r t e r i a l  i n s u f f i c i e n c y .  I f  l o w e r  e x t r e m i t y  i s c h e m i a  i s  s t r o n g l y  s u s p e c t e d ,  

a r t e r i o g r a p h y  o r  s o m e  o t h e r  i m a g i n g  s t u d y  s h o u l d  b e  p e r f o r m e d  t o  c o n f i r m  o r  r u l e  o u t  

i s c h e m i a  ( C a p u t o  e t  a h ,  1 9 9 4 ) .

O p t i m a l  u l c e r  h e a l i n g  r e q u i r e s  a d e q u a t e  t i s s u e  p e r f u s i o n .  T h u s ,  a r t e r i a l  

i n s u f f i c i e n c y  s h o u l d  b e  s u s p e c t e d  i f  a n  u l c e r  f a i l s  t o  h e a l .  V a s c u l a r  s u r g e r y  

c o n s u l t a t i o n  a n d  p o s s i b l e  r e v a s c u l a r i z a t i o n  s h o u l d  b e  c o n s i d e r e d  w h e n  c l i n i c a l  s i g n s  

o f  i s c h e m i a  a r e  p r e s e n t  i n  t h e  l o w e r  e x t r e m i t y  o f  a  d i a b e t i c  p a t i e n t  a n d  t h e  r e s u l t s  o f  

n o n i n v a s i v e  v a s c u l a r  t e s t s  o r  i m a g i n g  s t u d i e s  s u g g e s t  t h a t  t h e  p a t i e n t  h a s  p e r i p h e r a l  

a r t e r i a l  o c c l u s i v e  d i s e a s e  ( A r m s t r o n g  &  L a v e r y ,  1 9 9 8 ) .

P r o p e r  c o n t r o l  o f  c o n c o m i t a n t  h y p e r t e n s i o n  o r  h y p e r l i p i d e m i a  c a n  h e l p  t o  

r e d u c e  t h e  r i s k  o f  p e r i p h e r a l  a r t e r i a l  o c c l u s i v e  d i s e a s e .  S m o k i n g  c e s s a t i o n  i s  e s s e n t i a l  

f o r  p r e v e n t i n g  t h e  p r o g r e s s i o n  o f  o c c l u s i v e  d i s e a s e .  T h e  n y l o n  m o n o f i l a m e n t  t e s t  i s  a  

s i m p l y  p e r f o r m e d  o f f i c e  t e s t  f o r  d i a g n o s i n g  p a t i e n t s  a t  r i s k  f o r  u l c e r s  d u e  t o  p e r i p h e r a l  

s e n s o r y  n e u r o p a t h y  ( A r m s t r o n g  &  L a v e r y ,  1 9 9 8 ) .

S t r u c t u r a l  D e f o r m i t y  a n d  L i m i t e d  J o i n t  M o b i l i t y

F o o t  d e f o r m i t i e s ,  w h i c h  a r e  c o m m o n  i n  d i a b e t i c  p a t i e n t s ,  l e a d  t o  f o c a l  a r e a s  o f  

h i g h  p r e s s u r e .  W h e n  a n  a b n o r m a l  f o c u s  o f  p r e s s u r e  i s  c o u p l e d  w i t h  l a c k  o f  s e n s a t i o n ,  

a  f o o t  u l c e r  c a n  d e v e l o p .  M o s t  d i a b e t i c  f o o t  u l c e r s  f o r m  o v e r  a r e a s  o f  b o n y  

p r o m i n e n c e s ,  e s p e c i a l l y  w h e n  b u n i o n s ,  c a l l u s e s  o r  h a m m e r - t o e  f o r m a t i o n s  l e a d  t o
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a b n o r m a l l y  p r o m i n e n t  b o n y  p o i n t s .  F o o t  d e f o r m i t i e s  a r e  b e l i e v e d  t o  b e  m o r e  c o m m o n  

i n  d i a b e t i c  p a t i e n t s  d u e  t o  a t r o p h y  o f  t h e  i n t r i n s i c  m u s c u l a t u r e  r e s p o n s i b l e  f o r  

s t a b i l i z i n g  t h e  t o e s  ( B r a n d ,  1 9 9 1 ) .

R i g i d  d e f o r m i t i e s  o r  l i m i t e d  r a n g e  o f  m o t i o n  a t  t h e  s u b t a l a r  o r  

m e t a t a r s o p h a l a n g e a l  j o i n t s  h a v e  a l s o  b e e n  a s s o c i a t e d  w i t h  t h e  d e v e l o p m e n t  o f  d i a b e t i c  

f o o t  u l c e r s .  O t h e r  m e c h a n i s m s  o f  s k i n  b r e a k d o w n  i n  t h e  i n s e n s a t e  d i a b e t i c  f o o t  

i n c l u d e  p u n c t u r e  w o u n d s  a n d  t h e r m a l  i n j u r i e s  f r o m ,  f o r  e x a m p l e ,  h o t  w a t e r  s o a k s  

( R o s e n b l o o m  e t  a l . ,  1 9 8 1 ;  F e r n a n d o  e t  ฝ . ,  1 9 9 1 ) .

2 . 2  U l c e r  E v a l u a t i o n

D e s p i t e  t h e  b e s t  i n t e n t i o n s  a n d  c a r e f u l  a t t e n t i o n  t o  f o o t  c a r e ,  m a n y  d i a b e t i c  

p a t i e n t s  e v e n t u a l l y  d e v e l o p  f o o t  u l c e r s .  T h e s e  w o u n d s  a r e  t h e  p r i n c i p a l  p o r t a l  o f  e n t r y  

f o r  i n f e c t i o n  i n  p a t i e n t s  w i t h  d i a b e t e s .  F r e q u e n t l y ,  t h e  u l c e r s  a r e  c o v e r e d  b y  c a l l u s  o r  

f i b r o t i c  t i s s u e .  T h i s  m a k e s  t h e  t r i m m i n g  o f  h y p e r k e r a t o t i c  t i s s u e  i m p o r t a n t  f o r  

c o m p r e h e n s i v e  w o u n d  e v a l u a t i o n  ( A r m s t r o n g  &  L a v e r y ,  1 9 9 8 ) .

B e c a u s e  t h e s e  u l c e r s  a l m o s t  a l w a y s  f o r m  i n  p a t i e n t s  w i t h  n e u r o p a t h y ,  t h e y  a r e  

t y p i c a l l y  p a i n l e s s .  E v e n  i n  t h e  p r e s e n c e  o f  s e v e r e  i n f e c t i o n ,  m a n y  p a t i e n t s  h a v e  f e w  

s u b j e c t i v e  c o m p l a i n t s  a n d  a r e  o f t e n  m o r e  c o n c e r n e d  w i t h  s o i l e d  f o o t w e a r  a n d  

s t o c k i n g s  t h a n  w i t h  t h e  p e n e t r a t i n g  w o u n d  ( L a v e r y  e t  ฝ . ,  1 9 9 6 ) .

A  t h o r o u g h  e v a l u a t i o n  o f  a n y  u l c e r  i s  c r i t i c a l  a n d  s h o u l d  d i r e c t  m a n a g e m e n t  

( F r y k b e r g  e t  a l . ,  2 0 0 0 ) .  A n  a d e q u a t e  d e s c r i p t i o n  o f  u l c e r  c h a r a c t e r i s t i c s ,  s u c h  a s  s i z e ,  

d e p t h ,  a p p e a r a n c e ,  a n d  l o c a t i o n ,  a l s o  p r o v i d e s  f o r  t h e  m a p p i n g  o f  p r o g r e s s  d u r i n g  

t r e a t m e n t  ( A D A ,  1 9 9 9 ) .  T h e  e v a l u a t i o n  s h o u l d  d e t e r m i n e  t h e  e t i o l o g y  o f  t h e  u l c e r  a n d  

a s c e r t a i n  w h e t h e r  t h e  l e s i o n  i s  n e u r o p a t h i c ,  i s c h e m i c ,  o r  n e u r o - i s c h e m i c .  L o c a t i o n  i s
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i m p o r t a n t  i n  e v a l u a t i n g  t h e  c a u s e  o f  a  n e u r o p a t h i c  f o o t  u l c e r .  U s u a l l y ,  p l a n t a r  u l c e r s  

a r e  t h e  r e s u l t  o f  m o d e r a t e  r e p e t i t i v e  t r a u m a  u n d e r n e a t h  a  m e t a t a r s a l  h e a d .  M e d i a l ,  

l a t e r a l ,  a n d  d i g i t a l  u l c e r s  a r e  o f t e n  t h e  r e s u l t  o f  p r e s s u r e  f r o m  s h o e s  o v e r l y i n g  s u c h  

o s s e o u s  a b n o r m a l i t i e s  a s  b u n i o n s  a n d  h a m m e r t o e s  ( A D A ,  1 9 9 9 ;  M u h a ,  1 9 9 9 ;  A l b r a n t ,  

2 0 0 0 ) .

I n  p a t i e n t s  w i t h  u l c e r s  o n  t h e  s o l e  o f  t h e  f o o t ,  t h e  s o l e  s h o u l d  b e  e x a m i n e d  f o r  

s i g n s  o f  a s c e n d i n g  i n f e c t i o n ,  i n c l u d i n g  p r o x i m a l  t e n d e r n e s s  a n d  a p p e a r a n c e  o f  p u s  o n  

p r o x i m a l  c o m p r e s s i o n  o f  t h e  s o l e .  S u r r o u n d i n g  c a l l u s e s  a r e  t y p i c a l  o f  n e u r o p a t h i c  

u l c e r a t i o n s ,  a n d  s i n u s  t r a c k  f o r m a t i o n  s h o u l d  b e  e x p l o r e d  b y  p r o b i n g  t h e  w o u n d s  

( A D A ,  1 9 9 9 ) .

D e t e r m i n i n g  t h e  p o i n t  a t  w h i c h  l o s s  o f  p r o t e c t i v e  s e n s a t i o n  d e v e l o p s ,  a n d  t h u s  

t h e  r i s k  o f  i n j u r y  i n c r e a s e s ,  i s  i m p o r t a n t .  T h e  l o s s  o f  p r o t e c t i v e  s e n s a t i o n  i s  d e f i n e d  a s  

t h e  i n a b i l i t y  t o  p e r c e i v e  t e s t i n g  w i t h  a  5 . 0 7  S e m m e s - W e i n s t e i n  m o n o f i l a m e n t  ( S W M )  

s t a n d a r d i z e d  t o  d e l i v e r  a  1 0 - g  f o r c e .  T h e  S W M  i s  p r e s s e d  a g a i n s t  t h e  s k i n  t o  t h e  p o i n t  

o f  b u c k l i n g .  M e a s u r e m e n t s  a r e  u s u a l l y  t a k e n  a t  e a c h  o f  1 0  s i t e s  o n  t h e  f o o t  a n n u a l l y  

( A r m s t r o n g  e t  a h ,  1 9 9 8 ) .

I n a b i l i t y  t o  p e r c e i v e  4  o r  m o r e  s i t e s  i s  a s s o c i a t e d  w i t h  a  h i g h e r  r i s k  o f  l o s s  o f  

s e n s a t i o n  a n d  c o n c o m i t a n t  r i s k  o f  u l c e r a t i o n  ( A r m s t r o n g  e t  a h ,  1 9 9 8 ;  W u n d e r l i c h  e t  

a h ,  1 9 9 8 ) .  A  s i m p l i f i e d  m o n o f i l a m e n t  e x a m i n a t i o n  u s i n g  o n l y  4  s i t e s  p e r  f o o t  ( t o t a l  8  

s i t e s )  h a s  b e e n  u s e d  ( S m i e j a  e t  a h ,  1 9 9 9 ) .

O t h e r  c o m m o n  m o d a l i t i e s  t h a t  c a n  d e t e c t  i n s e n s i t i v i t y  a r e  a  s t a n d a r d  t u n i n g  

f o r k  ( 1 2 8  c y c l e s  p e r  s e c o n d )  a n d  a  n e u r o l o g i c  r e f l e x  h a m m e r  ( F r y k b e r g ,  2 0 0 2 ) .

A f t e r  d e s c r i b i n g  t h e  d i m e n s i o n s  a n d  a p p e a r a n c e  o f  t h e  u l c e r ,  t h e  p h y s i c i a n  

s h o u l d  e x a m i n e  t h e  u l c e r  w i t h  a  b l u n t  s t e r i l e  p r o b e .  G e n t l e  p r o b i n g  c a n  d e t e c t  s i n u s
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t r a c t  f o r m a t i o n ,  u n d e r m i n i n g  o f  u l c e r  m a r g i n s ,  a n d  d i s s e c t i o n  o f  t h e  u l c e r  i n t o  t e n d o n  

s h e a t h s ,  b o n e ,  o r  j o i n t s .  A  p o s i t i v e  p r o b e - t o - b o n e  f i n d i n g  h a s  a  h i g h  p r e d i c t i v e  v a l u e  

f o r  o s t e o m y e l i t i s  ( G r a y s o n  e t  a h ,  1 9 9 5 ) .  F a i l u r e  t o  d i a g n o s e  u n d e r l y i n g  o s t e o m y e l i t i s  

o f t e n  r e s u l t s  i n  f a i l u r e  o f  w o u n d  h e a l i n g .  T h e  e x i s t e n c e  o f  o d o r  a n d  e x u d a t e ,  a n d  t h e  

p r e s e n c e  a n d  e x t e n t  o f  c e l l u l i t i s  m u s t  b e  n o t e d  ( F r y k b e r g ,  1 9 9 1 ;  S a a r  e t  a l . ,  2 0 0 5 ;  

E v a n s  &  P i n z u r ,  2 0 0 5 ) .

B e c a u s e  a l l  u l c e r s  a r e  c o n t a m i n a t e d ,  c u l t u r e  o f  n o n i n f e c t e d  w o u n d s  i s  g e n e r a l l y  

n o t  r e c o m m e n d e d  ( L i p s k y  e t  a l . ,  1 9 9 0 ;  A D A ,  2 0 0 6 ) .  P o l y m i c r o b i a l  i n f e c t i o n s  

p r e d o m i n a t e  i n  s e v e r e  d i a b e t i c  f o o t  i n f e c t i o n s  a n d  i n c l u d e  a  v a r i e t y  o f  a e r o b i c  g r a m ­

p o s i t i v e  c o c c i ,  g r a m - n e g a t i v e  r o d s ,  a n d  a n a e r o b e s  ( L i p s k y  e t  a l . ,  1 9 9 0 ;  C a b a l l e r o  &  

F r y k b e r g ,  1 9 9 8 ) .

R a d i o g r a p h s  s h o u l d  b e  o b t a i n e d  i n  m o s t  p a t i e n t s  w i t h  d e e p  o r  l o n g s t a n d i n g  

u l c e r s  t o  r u l e  o u t  o s t e o m y e l i t i s ;  h o w e v e r ,  r a d i o g r a p h s  a r e  n o t  a  v e r y  s e n s i t i v e  

i n d i c a t o r  o f  a c u t e  b o n e  i n f e c t i o n  ( L i p s k y ,  1 9 9 7 ;  A D A ,  1 9 9 9 ,  2 0 0 6 ) .  W h e n  c l i n i c a l  

s u s p i c i o n  i n d i c a t e s  o s t e o m y e l i t i s  b u t  r a d i o g r a p h s  a r e  n e g a t i v e ,  a d d i t i o n a l  b o n e  o r  

l e u k o c y t e  s c a n n i n g  i s  h e l p f u l  i n  a s c e r t a i n i n g  b o n e  i n v o l v e m e n t .  H o w e v e r ,  i n  t h e  

n e u r o p a t h i c  p a t i e n t ,  b o n e  s c a n s  a r e  o f t e n  f a l s e l y  p o s i t i v e  b e c a u s e  o f  h y p e r e m i a  o r  

C h a r c o t ' s  a r t h r o p a t h y .  L e u k o c y t e  s c a n n i n g  o r  m a g n e t i c  r e s o n a n c e  i m a g i n g  o f f e r s  

b e t t e r  s p e c i f i c i t y  i n  t h i s  s i t u a t i o n  ( L i p s k y ,  1 9 9 7 ) .  U l t i m a t e l y ,  b o n e  b i o p s y  i s  n e c e s s a r y  

t o  f i r m l y  e s t a b l i s h  t h e  d i a g n o s i s  o f  o s t e o m y e l i t i s  ( F r y k b e r g ,  2 0 0 2 ) .

V a s c u l a r  s t a t u s  m u s t  a l w a y s  b e  a s s e s s e d  b e c a u s e  i s c h e m i a  p o r t e n d s  a  p o o r  

p r o g n o s i s  f o r  h e a l i n g  w i t h o u t  v a s c u l a r  i n t e r v e n t i o n .  T h e  s i m p l e  p a l p a t i o n  o f  b o t h  

p e d a l  p u l s e s  a n d  p o p l i t e a l  p u l s e s  i s  t h e  m o s t  r e l i a b l e  i n d i c a t i o n  o f  a r t e r i a l  p e r f u s i o n  t o  

t h e  f o o t .  T h e  a b s e n c e  o f  p e d a l  p u l s e s  i n  t h e  p r e s e n c e  o f  a  p a l p a b l e  p o p l i t e a l  p u l s e  i s  a
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c l a s s i c  f i n d i n g  i n  d i a b e t i c  a r t e r i a l  d i s e a s e  b e c a u s e  o f  t h e  s e l e c t i v e  i n v o l v e m e n t  o f  t h e  

t i b i a l  a r t e r i e s  b e l o w  t h e  k n e e  ( C a p u t o  e t  a l . ,  1 9 9 4 ;  A D A ,  1 9 9 9 ) .  N o n i n v a s i v e  D o p p l e r  

s t u d i e s  s h o u l d  b e  u s e d  t o  a u g m e n t  t h e  c l i n i c a l  e x a m i n a t i o n  a s  n e e d e d ,  a l t h o u g h  e v e n  

w i t h  t h e s e  t e s t s ,  t h e  s e v e r i t y  o f  a r t e r i a l  i n s u f f i c i e n c y  c a n  b e  u n d e r e s t i m a t e d  ( C a p u t o  e t  

a l . ,  1 9 9 4 ) .  V a s c u l a r  s u r g i c a l  c o n s u l t a t i o n  i s  w a r r a n t e d  w h e n  t h e r e  i s  s i g n i f i c a n t  

s u s p i c i o n  o f  i s c h e m i a .

T a b l e  1 :  W a g n e r  U l c e r  C l a s s i f i c a t i o n  S y s t e m

Grade Lesion
0  N o  o p e n  l e s i o n s ;  m a y  h a v e  d e f o r m i t y  o r  c e l l u l i t e s

1 S u p e r f i c i  D i a b e t i c  u l c e r  ( p a r t i a l  o r  f u l l  t h i c k n e s s )

2  U l c e r  e x t e n s i o n  t o  l i g a m e n t ,  t e n d o n ,  j o i n t  c a p s u l e ,  o r  d e e p  f a s c i a  w i t h o u t  
a b s c e s s  o r  o s t e o m y e l i t i s

3  D e e p  u l c e r  w i t h  a b s c e s s ,  o s t e o m y e l i t i s ,  o r  j o i n t  s e p s i s

4  G a n g r e n e  l o c a l i z e d  t o  p o r t i o n  o f  f o r e f o o t  o r  h e e l

5  E x t e n s i v e  g a n g r e n o u s  i n v o l v e m e n t  o f  t h e  e n t i r e  f o o t

Source'. Adapted with permission from Wagner FW Jr. The diabetic foot, Orthopedics 1987; 10: 163-72.

C l a s s i f i c a t i o n  o f  u l c e r a t i o n s  c a n  f a c i l i t a t e  a  l o g i c a l  a p p r o a c h  t o  t r e a t m e n t  a n d  

a i d  i n  t h e  p r e d i c t i o n  o f  o u t c o m e  ( F r y k b e r g ,  1 9 9 8 ;  A D A ,  1 9 9 9 ;  F r y k b e r g  e t  a l . ,  2 0 0 0 ) .  

S e v e r a l  w o u n d  c l a s s i f i c a t i o n  s y s t e m s  h a v e  b e e n  c r e a t e d ,  b a s e d  o n  p a r a m e t e r s  s u c h  a s  

e x t e n t  o f  i n f e c t i o n ,  n e u r o p a t h y ,  i s c h e m i a ,  d e p t h  o r  e x t e n t  o f  t i s s u e  l o s s ,  a n d  l o c a t i o n .  

T h e  m o s t  w i d e l y  a c c e p t e d  c l a s s i f i c a t i o n  s y s t e m  f o r  d i a b e t i c  f o o t  u l c e r s  a n d  l e s i o n s  i s  

t h e  W a g n e r  u l c e r  c l a s s i f i c a t i o n  s y s t e m ,  w h i c h  i s  b a s e d  o n  t h e  d e p t h  o f  p e n e t r a t i o n ,  t h e  

p r e s e n c e  o f  o s t e o m y e l i t i s  o r  g a n g r e n e ,  a n d  t h e  e x t e n t  o f  t i s s u e  n e c r o s i s  ( T a b l e  1 ) .  T h e
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d r a w b a c k  o f  t h e  W a g n e r  c l a s s i f i c a t i o n  s y s t e m  i s  t h a t  i t  d o e s  n o t  s p e c i f i c a l l y  a d d r e s s  

t w o  c r i t i c a l l y  i m p o r t a n t  p a r a m e t e r s :  i s c h e m i a  a n d  i n f e c t i o n  ( W a g n e r ,  1 9 8 7 ) .

T h e  U n i v e r s i t y  o f  T e x a s  d i a b e t i c  w o u n d  c l a s s i f i c a t i o n  s y s t e m  a s s e s s e s  t h e  

d e p t h  o f  u l c e r  p e n e t r a t i o n ,  t h e  p r e s e n c e  o f  w o u n d  i n f e c t i o n ,  a n d  t h e  p r e s e n c e  o f  

c l i n i c a l  s i g n s  o f  l o w e r - e x t r e m i t y  i s c h e m i a  ( O y i b o  e t  a h ,  2 0 0 1 ) .  T h i s  s y s t e m  u s e s  f o u r  

g r a d e s  o f  u l c e r  d e p t h  ( 0  t o  3 )  a n d  f o u r  s t a g e s  ( A  t o  D ) ,  b a s e d  o n  i s c h e m i a  o r  i n f e c t i o n ,  

o r  b o t h  ( L a v e r y  e t  a h ,  1 9 9 6 ) .  T h e  U n i v e r s i t y  o f  T e x a s  s y s t e m  i s  g e n e r a l l y  p r e d i c t i v e  

o f  o u t c o m e ,  b e c a u s e  w o u n d s  o f  i n c r e a s i n g  g r a d e  a n d  s t a g e  a r e  l e s s  l i k e l y  t o  h e a l  

w i t h o u t  r e v a s c u l a r i z a t i o n  o r  a m p u t a t i o n .

2 . 3  T r e a t m e n t
T h e  p r i m a r y  g o a l  i n  t h e  t r e a t m e n t  o f  d i a b e t i c  f o o t  u l c e r s  i s  t o  o b t a i n  w o u n d  

c l o s u r e .  M a n a g e m e n t  o f  t h e  f o o t  u l c e r  i s  l a r g e l y  d e t e r m i n e d  b y  i t s  s e v e r i t y  ( g r a d e )  

a n d  v a s c u l a r i t y ,  a n d  t h e  p r e s e n c e  o f  i n f e c t i o n  ( F r y k b e r g ,  1 9 9 1 ,  1 9 9 8 ;  F r y k b e r g  e t  a h ,  

2 0 0 0 ;  T a i  e t  a h ,  2 0 0 6 ) .  A  s y s t e m a t i c  a p p r o a c h  t o  t r e a t m e n t  s h o u l d  b e  t a k e n  f o r  a l l  

d i a b e t i c  f o o t  l e s i o n s .  A  m u l t i d i s c i p l i n a r y  a p p r o a c h  s h o u l d  b e  e m p l o y e d  b e c a u s e  o f  t h e  

m u l t i f a c e t e d  n a t u r e  o f  f o o t  u l c e r s  a n d  t h e  n u m e r o u s  c o - m o r b i d i t i e s  t h a t  c a n  o c c u r  i n  

t h e s e  p a t i e n t s  ( A D A ,  1 9 9 9 ;  F r y k b e r g  e t  a h ,  2 0 0 0 ) .  T h i s  a p p r o a c h  h a s  d e m o n s t r a t e d  

s i g n i f i c a n t  i m p r o v e m e n t s  i n  o u t c o m e s ,  i n c l u d i n g  r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  m a j o r  

a m p u t a t i o n  ( H o l s t e i n  &  S o r e n s e n ,  1 9 9 9 ;  D a r g i s  e t  a h ,  1 9 9 9 ) .

R e s t ,  e l e v a t i o n  o f  t h e  a f f e c t e d  f o o t ,  a n d  r e l i e f  o f  p r e s s u r e  a r e  e s s e n t i a l  

c o m p o n e n t s  o f  t r e a t m e n t  a n d  s h o u l d  b e  i n i t i a t e d  a t  f i r s t  p r e s e n t a t i o n .  I l l - f i t t i n g  

f o o t w e a r  s h o u l d  b e  r e p l a c e d  w i t h  a  p o s t o p e r a t i v e  s h o e  o r  a n o t h e r  t y p e  o f  p r e s s u r e -  

r e l i e v i n g  f o o t w e a r  ( F r y k b e r g  e t  a h ,  2 0 0 0 ) .  C r u t c h e s  o r  a  w h e e l c h a i r  m i g h t  a l s o  b e
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r e c o m m e n d e d  t o  t o t a l l y  o f f - l o a d  p r e s s u r e  f r o m  t h e  f o o t .  A l t h o u g h  t o t a l  c o n t a c t  c a s t i n g  

( T C C )  i s  c o n s i d e r e d  t h e  o p t i m a l  m e t h o d  o f  m a n a g e m e n t  f o r  n e u r o p a t h i c  u l c e r s ,  i t  

m u s t  b e  r e a p p l i e d  w e e k l y  a n d  r e q u i r e s  c o n s i d e r a b l e  e x p e r i e n c e  t o  a v o i d  i a t r o g e n i c  

l e s i o n s  ( C a v a n a g h  e t  a h ,  2 0 0 0 ) .  A c c e p t a b l e  a l t e r n a t i v e s  t o  T C C  a r e  r e m o v a b l e  

w a l k i n g  b r a c e s  a n d  t h e  " h a l f - s h o e "  ( F r y k b e r g  e t  a h ,  2 0 0 0 ;  H a r t s e l l  e t  a h ,  2 0 0 1 ;  

A r m s t r o n g  e t  a h ,  2 0 0 1 ) .  A  m a i n s t a y  o f  u l c e r  t h e r a p y  i s  d e b r i d e m e n t  o f  a l l  n e c r o t i c ,  

c a l l u s ,  a n d  f i b r o u s  t i s s u e  ( A r m s t r o n g  &  L a v e r y ,  1 9 9 8 ;  A D A ,  1 9 9 9 ) .  U n h e a l t h y  t i s s u e  

m u s t  b e  s h a r p l y  d e b r i d e d  b a c k  t o  b l e e d i n g  t i s s u e  t o  a l l o w  f u l l  v i s u a l i z a t i o n  o f  t h e  

e x t e n t  o f  t h e  u l c e r  a n d  d e t e c t  u n d e r l y i n g  a b s c e s s e s  o r  s i n u s e s .  T o p i c a l  e n z y m e s  h a v e  

n o t  b e e n  p r o v e d  e f f e c t i v e  f o r  t h i s  p u r p o s e  a n d  s h o u l d  o n l y  b e  c o n s i d e r e d  a s  a d j u n c t s  

t o  s h a r p  d e b r i d e m e n t .  S o a k i n g  u l c e r s  i s  c o n t r o v e r s i a l  a n d  s h o u l d  b e  a v o i d e d  b e c a u s e  

t h e  n e u r o p a t h i c  p a t i e n t  c a n  e a s i l y  b e  s c a l d e d  b y  h o t  w a t e r  ( A D A ,  1 9 9 9 ) .

A l t h o u g h  n u m e r o u s  t o p i c a l  m e d i c a t i o n s  a n d  g e l s  a r e  p r o m o t e d  f o r  u l c e r  c a r e ,  

r e l a t i v e l y  f e w  h a v e  p r o v e d  t o  b e  m o r e  e f f i c a c i o u s  t h a n  s a l i n e  w e t - t o - d r y  d r e s s i n g s  

( F r y k b e r g  e t  a h ,  2 0 0 0 ;  A D A ,  1 9 9 9 ;  H o g g e  e t  a h ,  2 0 0 0 ) .  T o p i c a l  a n t i s e p t i c s ,  s u c h  a s  

p o v i d o n e - i o d i n e ,  a r e  u s u a l l y  c o n s i d e r e d  t o  b e  t o x i c  t o  h e a l i n g  w o u n d s  ( A D A ,  1 9 9 9 ;  

F r y k b e r g ,  1 9 9 1 ) .  G e n e r a l l y ,  a  w a r m ,  m o i s t  e n v i r o n m e n t  t h a t  i s  p r o t e c t e d  f r o m  

e x t e r n a l  c o n t a m i n a t i o n  i s  m o s t  c o n d u c i v e  t o  w o u n d  h e a l i n g .  T h i s  c a n  b e  p r o v i d e d  b y  

a  n u m b e r  o f  c o m m e r c i a l l y  a v a i l a b l e  s p e c i a l  d r e s s i n g s ,  i n c l u d i n g  s e m i p e r m e a b l e  f i l m s ,  

f o a m s ,  h y d r o c o l l o i d s ,  a n d  c a l c i u m  a l g i n a t e  s w a b s  ( H o g g e  e t  a h ,  2 0 0 0 ) .

T h e  g e n e t i c a l l y  e n g i n e e r e d  p l a t e l e t - d e r i v e d  g r o w t h  f a c t o r  b e c a p l e r m i n  

( R e g r a n e x  g e l )  i s  a p p r o v e d  f o r  u s e  o n  n e u r o p a t h i c  d i a b e t i c  f o o t  u l c e r s  a n d  c a n  

e x p e d i t e  h e a l i n g .  G r o w t h  f a c t o r s  s t i m u l a t e  c h e m o t a x i s  a n d  m i t o g e n e s i s  o f  n e u t r o p h i l s ,
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B i o e n  g i n e e r e d  s k i n  ( A p l i g r a f )  a n d  h u m a n  d e r m i s  ( D e r m a g r a f t )  a r e  n e w  t y p e s  

o f  b i o l o g i c a l l y  a c t i v e  i m p l a n t s  f o r  u l c e r s  t h a t  a r e  d e r i v e d  f r o m  f i b r o b l a s t s  o f  n e o n a t a l  

f o r e s k i n s  ( H o g g e  e t  a l . ,  2 0 0 0 ;  V e v e s  e t  a l . ,  2 0 0 1 ) .  T h e s e  b i o e n g i n e e r e d  p r o d u c t s  

e n h a n c e  h e a l i n g  b y  a c t i n g  a s  d e l i v e r y  s y s t e m s  f o r  g r o w t h  f a c t o r s  a n d  e x t r a c e l l u l a r  

m a t r i x  c o m p o n e n t s  t h r o u g h  t h e  a c t i v i t y  o f  l i v e  h u m a n  f i b r o b l a s t s  c o n t a i n e d  i n  t h e i r  

d e r m a l  e l e m e n t s  ( F r y k b e r g ,  2 0 0 2 ) .

T r e a t m e n t  o f  t h e  u n d e r l y i n g  i s c h e m i a  i s  c r i t i c a l  i n  a c h i e v i n g  a  s u c c e s s f u l  

o u t c o m e ,  r e g a r d l e s s  o f  t o p i c a l  t h e r a p i e s .  V a s c u l a r  s u r g i c a l  c o n s u l t a t i o n  s h o u l d  b e  

o b t a i n e d  w h e n  a  p a t i e n t  p r e s e n t s  w i t h  a n  i s c h e m i c  w o u n d  a n d  w h e n  u l c e r s  s h o w  n o  

s i g n  o f  p r o g r e s s  d e s p i t e  a p p r o p r i a t e  m a n a g e m e n t .  A  m a j o r  c o m p o n e n t  o f  t h e  l i m b  

s a l v a g e  s t r a t e g y  i n  t h e s e  p a t i e n t s  i s  e x t r e m e  d i s t a l  a r t e r i a l  r e c o n s t r u c t i o n  t o  r e s t o r e  

p u l s a t i l e  f l o w  t o  t h e  f o o t  ( C a p u t o  e t  a h ,  1 9 9 4 ;  H o l s t e i n  &  S o r e n s e n ,  1 9 9 9 ) .  T h e  r o l e  

o f  i s o l a t e d  d i s t a l  e n d o v a s c u l a r  p r o c e d u r e s  i n  t h i s  s e t t i n g  h a s  n o t  b e e n  d e t e r m i n e d .  

V a s o d i l a t o r  d r u g s  h a v e  n o t  b e e n  b e n e f i c i a l  i n  p r o m o t i n g  h e a l i n g  o f  i s c h e m i c  l e s i o n s  

( C a p u t o  e t  a h ,  1 9 9 4 ) .  H y p e r b a r i c  o x y g e n  t h e r a p y  h a s  b e e n  u s e d  a s  a d j u n c t i v e  

t r e a t m e n t  o f  f o o t  u l c e r s ;  h o w e v e r ,  s u p p o r t  f o r  i t s  u s e  i s  l i m i t e d  b y  t h e  s m a l l  n u m b e r  o f  

c a r e f u l l y  c o n t r o l l e d  c l i n i c a l  t r i a l s  ( W u n d e r l i c h  e t  a h ,  2 0 0 0 ) .

W h e n  i n f e c t i o n  i s  p r e s e n t ,  a e r o b i c  a n d  a n a e r o b i c  c u l t u r e s  s h o u l d  b e  o b t a i n e d ,  

f o l l o w e d  b y  i n i t i a t i o n  o f  a p p r o p r i a t e  b r o a d - s p e c t r u m  a n t i b i o t i c  t h e r a p y  ( C a p u t o  e t  a h ,  

1 9 9 4 ;  L i p s k y  e t  a h ,  1 9 9 0 ;  A D A ,  1 9 9 9 ) .  A n t i b i o t i c  c o v e r a g e  s h o u l d  s u b s e q u e n t l y  b e  

t a i l o r e d  a c c o r d i n g  t o  t h e  c l i n i c a l  r e s p o n s e  o f  t h e  p a t i e n t ,  c u l t u r e  r e s u l t s ,  a n d  

s e n s i t i v i t y  t e s t i n g .  S u r g i c a l  d r a i n a g e ,  d e e p  d e b r i d e m e n t ,  o r  l o c a l  p a r t i a l  f o o t

fibroblasts, and monocytes, as well as other components that form the cellular basis o f
wound healing (Wieman et ah, 1998).
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a m p u t a t i o n s  a r e  n e c e s s a r y  a d j u n c t s  t o  a n t i b i o t i c  t h e r a p y  o f  i n f e c t i o n s  t h a t  a r e  d e e p  o r  

l i m b - t h r e a t e n i n g  ( E n e r o t h  e t  a h ,  1 9 9 7 ;  F r y k b e r g  e t  a l . ,  2 0 0 0 ) .

U n d e r l y i n g  o s t e o m y e l i t i s  i s  f r e q u e n t l y  p r e s e n t  i n  p a t i e n t s  w i t h  m o d e r a t e  t o  

s e v e r e  i n f e c t i o n s  a n d  r e q u i r e s  a g g r e s s i v e  b o n y  r e s e c t i o n  o f  i n f e c t e d  b o n e  a n d  j o i n t s  

f o l l o w e d  b y  f o u r  t o  s i x  w e e k s  o f  c u l t u r e - d i r e c t e d  a n t i b i o t i c  t h e r a p y  ( C a p u t o  e t  a l . ,

1 9 9 4 ;  L i p s k y ,  1 9 9 7 ;  L i p s k y  e t  a l . ,  1 9 9 0 ;  C a b a l l e r o  &  F r y k b e r g ,  1 9 9 8 ) .  T h e  p r e s e n c e  

o f  d e e p  i n f e c t i o n  w i t h  a b s c e s s ,  c e l l u l i t i s ,  g a n g r e n e ,  o r  o s t e o m y e l i t i s  i s  a n  i n d i c a t i o n  

f o r  h o s p i t a l i z a t i o n  a n d  p r o m p t  s u r g i c a l  d r a i n a g e .  E v e n  i n  t h e  a b s e n c e  o f  b o n e  

i n f e c t i o n ,  f o o t - s p a r i n g  r e c o n s t r u c t i v e  p r o c e d u r e s  m i g h t  b e  n e c e s s a r y  t o  a c h i e v e  f i n a l  

h e a l i n g  o f  t h e  f o o t  u l c e r ,  e s p e c i a l l y  i n  a r e a s  s u b j e c t  t o  e x c e e d i n g l y  h i g h  p l a n t a r  o r  

s h o e  p r e s s u r e s  ( C a p u t o  e t  a i ,  1 9 9 4 ;  F r y k b e r g ,  1 9 9 8 ;  F r y k b e r g  e t  a l . ,  2 0 0 0 ) .

2 . 4  P r e v e n t i o n

M e t i c u l o u s  a t t e n t i o n  t o  f o o t  c a r e  a n d  p r o p e r  m a n a g e m e n t  o f  m i n o r  f o o t  i n j u r i e s  

a r e  a  k e y  t o  p r e v e n t i n g  u l c e r  f o r m a t i o n  ( F r y k b e r g ,  1 9 9 7 ,  1 9 9 8 ;  A r m s t r o n g  &  L a v e r y ,

1 9 9 8 ) .  T h e  b e s t  a p p r o a c h  i s  t o  m a k e  u s e  o f  a  t e a m  o f  m u l t i d i s c i p l i n a r y  p r o f e s s i o n a l s  

w h o  a r e  c o m m i t t e d  t o  l i m b  s a l v a g e .  C e n t e r s  t h a t  h a v e  i n s t i t u t e d  t e a m s  s p e c i f i c a l l y  f o r  

t h i s  p u r p o s e  h a v e  s u b s e q u e n t l y  r e p o r t e d  d r a m a t i c  r e d u c t i o n s  i n  l o w e r - e x t r e m i t y  

a m p u t a t i o n  a n d  i m p r o v e d  r a t e s  o f  p r i m a r y - u l c e r  h e a l i n g  ( H o l s t e i n  &  S o r e n s e n ,  1 9 9 9 ;

D a r g i s  e t  a l . ,  1 9 9 9 ) .  P a t i e n t  e d u c a t i o n  h a s  a  c e n t r a l  r o l e  i n  t r e a t m e n t  a n d  s h o u l d  

i n c l u d e  i n s t r u c t i o n  o n  f o o t  h y g i e n e ,  d a i l y  i n s p e c t i o n ,  p r o p e r  f o o t w e a r ,  a n d  t h e  

n e c e s s i t y  o f  p r o m p t  t r e a t m e n t  o f  n e w  l e s i o n s  ( F r y k b e r g ,  1 9 9 7 ,  1 9 9 8 ;  A r m s t r o n g  &

L a v e r y ,  1 9 9 8 ) .
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R e g u l a r  f o o t - c a r e  e x a m i n a t i o n s ,  i n c l u d i n g  d e b r i d e m e n t  o f  c a l l u s e s  a n d  i n g r o w n  

t o e n a i l s ,  p r o v i d e  a n  o p p o r t u n i t y  t o  r e i n f o r c e  a p p r o p r i a t e  s e l f - c a r e  b e h a v i o r s  a n d  a l l o w  

f o r  e a r l y  d e t e c t i o n  o f  n e w  o r  i m p e n d i n g  f o o t  p r o b l e m s  ( A D A ,  1 9 9 9 ;  F r y k b e r g  e t  a l . ,  

2 0 0 0 ) .

T h e r a p e u t i c  s h o e s  w i t h  p r e s s u r e - r e l i e v i n g  i n s o l e s  a r e  a n  e s s e n t i a l  e l e m e n t  o f  

u l c e r  p r e v e n t i o n  a n d  h a v e  b e e n  a s s o c i a t e d  w i t h  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e i r  

d e v e l o p m e n t  ( F r y k b e r g ,  1 9 9 7 ;  C a v a n a g h  e t  a h ,  2 0 0 0 ) .

E l e c t i v e  s u r g e r y  t o  c o r r e c t  s t r u c t u r a l  d e f o r m i t i e s  t h a t  c a n n o t  b e  a c c o m m o d a t e d  

b y  t h e r a p e u t i c  f o o t w e a r  c a n  b e  p e r f o r m e d  a s  n e e d e d  i n  c e r t a i n  p a t i e n t s  ( C a p u t o  e t  a l . ,  

1 9 9 4 ;  C a t a n z a r i t i  e t  a l . ,  1 9 9 5 ) .

C o m m o n  p r o c e d u r e s  i n c l u d e  h a m m e r t o e  r e p a i r ,  m e t a t a r s a l  o s t e o t o m i e s ,  p l a n t a r  

e x o s t e c t o m i e s ,  a n d  A c h i l l e s  t e n d o n  l e n g t h e n i n g  ( C a t a n z a r i t i  e t  a l . ,  1 9 9 5 ;  F r y k b e r g  e t  

a l . ,  2 0 0 0 ) .  I n  p a t i e n t s  w i t h  n e u r o p a t h y ,  t h e s e  p r o c e d u r e s  c a n  b e  e a s i l y  p e r f o r m e d  

u n d e r  l o c a l  a n e s t h e s i a .

W o r k i n g  i n  u n i s o n  w i t h  a  v a s c u l a r  s u r g e o n ,  t h e s e  f o o t - s p a r i n g  r e c o n s t r u c t i v e  

p r o c e d u r e s  c a n  e v e n  b e  p e r f o r m e d  a f t e r  r e v a s c u l a r i z a t i o n  i n  a n  i s c h e m i c  p a t i e n t  w h o  

m i g h t  o t h e r w i s e  h a v e  n e e d e d  a m p u t a t i o n  ( C a p u t o  e t  a l . ,  1 9 9 4 ) .

D a i l y  f o o t  i n s p e c t i o n  b y  t h e  p a t i e n t  ( o r  a  c a r e t a k e r  i f  t h e  p a t i e n t  l a c k s  s u f f i c i e n t  

v i s u a l  a c u i t y  o r  m o b i l i t y  t o  p e r f o r m  t h e  e x a m i n a t i o n )  i s  t h e  c o r n e r s t o n e  o f  p r o p e r  f o o t  

c a r e .  G e n t l e  c l e a n s i n g  w i t h  s o a p  a n d  w a t e r ,  f o l l o w e d  b y  t h e  a p p l i c a t i o n  o f  t o p i c a l  

m o i s t u r i z e r s ,  h e l p s  t o  m a i n t a i n  h e a l t h y  s k i n  t h a t  c a n  b e t t e r  r e s i s t  b r e a k d o w n  a n d  

i n j u r y  ( A r m s t r o n g  &  L a v e r y ,  1 9 9 8 ) .

W h i l e  m a n y  p a t i e n t s  d o  w e l l  w i t h  c o m m e r c i a l l y  a v a i l a b l e  a t h l e t i c  s h o e s  a n d  

t h i c k ,  a b s o r b e n t  s o c k s ,  p a t i e n t s  w i t h  f o o t  d e f o r m i t i e s  o r  s p e c i a l  s u p p o r t  n e e d s  m a y
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b e n e f i t  f r o m  c u s t o m  s h o e s .  P a t i e n t s  s h o u l d  b e  r e m i n d e d  t o  a v o i d  h o t  s o a k s ,  h e a t i n g  

p a d s  a n d  h a r s h  t o p i c a l  a g e n t s  s u c h  a s  h y d r o g e n  p e r o x i d e ,  i o d i n e  ( e . g . ,  B e t a d i n e )  a n d  

a s t r i n g e n t s  ( e . g . ,  w i t c h  h a z e l ) .  G e n t l e  c l e a n s i n g  o f  m i n o r  w o u n d s  a n d  t h e  a p p l i c a t i o n  

o f  a  t o p i c a l  a n t i b i o t i c  t o  m a i n t a i n  a  m o i s t  w o u n d  e n v i r o n m e n t  c a n  h e l p  t o  p r e v e n t  

u l c e r  f o r m a t i o n .  I n  a d d i t i o n ,  t h e  p h y s i c i a n  s h o u l d  i n s p e c t  a n y  m i n o r  w o u n d  t h a t  d o e s  

n o t  h e a l  r a p i d l y  ( A r m s t r o n g  &  L a v e r y ,  1 9 9 8 ) .

D i a b e t i c  f o o t  u l c e r s  c a n  b e  m a n a g e d  w i t h o u t  a m p u t a t i o n  b y  f o l l o w i n g  t h e  

p r i n c i p l e s  d i s c u s s e d  a b o v e  a n d  h a v i n g  a  t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  p a t h o g e n e s i s  

o f  t h e s e  u l c e r s .
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