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  Abstract 

 Foot ulceration is one of the most common precursors to lower extremity 
amputations among persons with diabetes (Singh et al., JAMA. 2005; 
293(2):217–28; Boulton and Vileikyte, Wounds. 2000; 12(Suppl B):12B–8; 
Reiber et al., Rehabil Res Dev. 2001; 38(3):309–17). Ulcerations are piv-
otal events in limb loss for two important reasons. They allow an avenue 
for infection (Armstrong and Lipsky, Diabetes Technol Ther. 2004; 6:167–
77), and they can cause progressive tissue necrosis and poor wound heal-
ing in the presence of critical ischemia. Infections involving the foot rarely 
develop in the absence of a wound in adults with diabetes, and ulcers are 
the most common type of wound in this population (Armstrong and Lipsky, 
Diabetes Technol Ther. 2004; 6:167–77). Foot ulcers, therefore, play a 
central role in the causal pathway to lower extremity amputation (Pecoraro 
et al., Diabetes Care. 1990; 13:513–21). 

 The etiology of ulcerations in persons with diabetes is commonly asso-
ciated with the presence of peripheral neuropathy and repetitive trauma 
due to normal walking activities to areas of the foot exposed to moderate 
or high pressure and shear forces (Armstrong et al., J Foot Ankle Surg. 
1998; 37(4):303–7). Foot deformities, limited joint mobility, partial foot 
amputations, and other structural deformities often predispose diabetics 
with peripheral neuropathy to abnormal weight bearing, areas of concen-
trated pressure, and abnormal shear forces that signifi cantly increase their 
risk of ulceration (Cavanagh et al., Diabet Med. 1996; 13 Suppl 
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1:S17–22; Lavery et al., Diabetes Care. 1996; 19(8):818–21; Diabetes 
Care. 1995; 18(11):1460–2). Brand (The diabetic foot. In: Diabetes mel-
litus, theory and practice. Medical Examination) theorized that when these 
types of forces were applied to a discrete area over an extended period they 
would cause a local infl ammatory response, focal tissue ischemia, tissue 
destruction, and ulceration. Clearly, identifi cation of persons at risk for 
ulceration is of central importance in any plan for amputation prevention 
and diabetes care.  
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 Foot ulceration is one of the most common 
precursors to lower extremity amputations among 
persons with diabetes  [  1–  3  ] . Ulcerations are piv-
otal events in limb loss for two important reasons. 
They allow an avenue for infection  [  4  ] , and they 
can cause progressive tissue necrosis and poor 
wound healing in the presence of critical isch-
emia. Infections involving the foot rarely develop 
in the absence of a wound in adults with diabetes, 
and ulcers are the most common type of wound 
in this population  [  4  ] . Foot ulcers, therefore, play 
a central role in the causal pathway to lower 
extremity amputation  [  5  ] . 

 The etiology of ulcerations in persons with 
diabetes is commonly associated with the pres-
ence of peripheral neuropathy and repetitive 
trauma due to normal walking activities to areas 
of the foot exposed to moderate or high pressure 
and shear forces  [  6  ] . Foot deformities, limited 
joint mobility, partial foot amputations, and other 
structural deformities often predispose diabetics 
with peripheral neuropathy to abnormal weight 
bearing, areas of concentrated pressure, and 
abnormal shear forces that signifi cantly increase 
their risk of ulceration  [  7–  9  ] . Brand  [  10  ]  theo-
rized that when these types of forces were applied 
to a discrete area over an extended period they 
would cause a local infl ammatory response, 
focal tissue ischemia, tissue destruction, and 
ulceration. Clearly, identifi cation of persons at 
risk for ulceration is of central importance in 

any plan for amputation prevention and 
diabetes care. 

 In this chapter, we discuss the key risk factors 
to screen patients for foot complications. Risk 
factors may be broken down into four practical 
criterions to identify high-risk patients for ulcer-
ation and amputation. We subsequently discuss 
diabetic foot risk classifi cation schemes and the 
two most commonly used classifi cations for dia-
betic foot ulcers. 

   Diabetic Foot Risk Classifi cation 

 Preventing foot complications begins with identi-
fying high-risk patients. Diabetic foot-screening 
programs are inexpensive and can be performed 
by technicians or nurses with very little training. 
The basics of screening involve identifi cation of 
four main elements  [  11  ] : (1) history of lower 
extremity disease (foot ulceration, amputation, 
lower extremity bypass, or Charcot neuroarthrop-
athy); (2) sensory neuropathy; (3) peripheral 
arterial disease; and (4) limited joint mobility or 
structural foot and ankle deformity. 

 A consensus document developed by the 
International Working Group on the Diabetic 
Foot (IWGDF)  [  12  ]  is one of the most widely 
used systems (Table  4.1 ) to classify the diabetic 
foot. The risk of foot ulcers and amputations 
increased in each subsequent risk category 
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compared to baseline. Lavery et al. reported that 
a patient with neuropathy but no deformity or 
history of ulcer or amputation has a 1.7 times 
greater risk for ulceration compared with a patient 
without neuropathy  [  11  ] . Neuropathy with con-
comitant deformity or limited joint mobility 
yields a 12.1 times greater risk. Lastly, a patient 
with a history of previous ulceration or amputa-
tion has a 36.4 times greater risk for presenting 
with another ulcer. These risk factors compare to 
the fi rst four categories in the classifi cation sys-
tem promoted by the IWGDF  [  13–  15  ]  (Table  4.1 ), 
and similar classifi cation systems described 
by Rith-Najarian et al.  [  16  ]  and Armstrong 
et al.  [  17  ] . Peters and Lavery  [  14  ]  and Mayfi eld 
et al.  [  15  ]  seem to corroborate this general line of 
assessment.  

   History of Foot Pathology 

 History of foot disease is the strongest predictor 
of ulceration and amputation. History is the least 
expensive screening measure  [  11,   18,   19  ] . It is the 
easiest risk group to identify, and the group most 
in need of frequent foot assessment, intensive 
education, therapeutic shoes, padded stockings, 
and rigorous blood glucose control. A current ulcer 
 [  19  ] , past history of previous ulceration  [  19  ] , or 
amputation  [  18  ]  heightens the risk for further 
ulceration, infection, and subsequent amputation 
 [  5,   11,   20  ] . Patients in this risk group (Risk 

Category 3) are about 50 times more likely to have 
an ulcer in the next year and 36 times more likely 
to have an amputation compared to patients with 
no neuropathy or PAD (Risk Category 1)  [  21  ] . 

 There are several potential explanations for 
the increased risk. People with a history of ulcer-
ation or amputation have all the risk factors to 
reulcerate  [  12,   22  ] . Ulceration and amputation 
damage the integument and local biomechanics. 
After healing by secondary intention, the skin 
and soft tissue may be less resilient and less pli-
able, so they are more prone to injury. In addi-
tion, persons with a partial foot amputation often 
develop local foot deformities secondary to bio-
mechanical imbalances that may cause further 
foci of pressure  [  23–  25  ] . Structural deformities 
increase pressures on the sole of the foot and are 
associated with ulceration (Fig.  4.1 ). A classic 
example is clawing of the lesser toes and sublux-
ation and dislocation of the metatarsophalangeal 
joints  [  25  ] .   

   Sensory Neuropathy 

 Neuropathy is a major component of nearly all 
diabetic ulcerations  [  26  ] . Loss of protective sen-
sation is a term that is often used to describe a 

   Table 4.1    International Working Group’s diabetic foot 
risk classifi cation   

 Risk Group 0  No neuropathy 
 No peripheral arterial 
 No foot deformity or limited 
joint mobility 

 Risk Group 1  Peripheral neuropathy 
 No peripheral arterial 
 No foot deformity or limited 
joint mobility 

 Risk Group 2  Peripheral neuropathy and foot 
deformity or limited joint 
mobility 
 and/or 
 Peripheral arterial disease 

 Risk Group 3  History of ulcer or amputation 
or Charcot 

  Fig. 4.1    Intrinsic muscular atrophy and foot deformity. 
Diabetic peripheral neuropathy also affects motor nerves, 
often causing atrophy of intrinsic musculature of the hand 
and foot. When this occurs, the extrinsic musculature 
work is unopposed, thus causing hammering of the toes 
and retrograde buckling of the metatarsal heads. Thus, 
both the toes (dorsally) and the metatarsal heads (plan-
tarly) are more prominent and, therefore, more prone to 
neuropathic ulceration       
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level of sensory loss that allows patients to jury 
themselves without recognizing the injury. These 
patients are vulnerable to physical and thermal 
trauma that increases the risk of foot ulceration 
twofold  [  21  ] . Patients with neuropathy often wear 
a hole in their foot much as sensate patients might 
wear a hole in their stocking or shoe. 

 Screening for neuropathy is noninvasive, fast, 
and inexpensive. Several consensus documents 
recommend that all patients with diabetes should 
be screened annually for sensory neuropathy 
 [  1,   27  ] . There are several techniques to screen for 
neuropathy. The absence of protective sensation 
may be determined using a tuning fork, a 
Semmes–Weinstein 10-g monofi lament (SWM) 
nylon wire, a calibrated vibration perception 
threshold (VPT) meter, or a comprehensive phys-
ical examination  [  19  ] . 

 Inspection of the feet may provide valuable 
clues as to the presence and severity of sensory 
neuropathy. Atrophy of the intrinsic muscles of 
the hands and feet is often a late-stage condition 
that is very frequently associated with polyneu-
ropathy. When this occurs, the extrinsic muscles 
of the foot are unopposed, thus causing hammer-
ing of the toes and retrograde buckling of the 
metatarsal heads. Thus, both the toes (dorsally) 
and the metatarsal heads (plantarly) are more 
prominent and, therefore, more prone to neuro-
pathic ulceration. This condition often leads to 
prominent digits and metatarsal heads, and (in the 
face of sensory loss) has been associated with 
increased risk for neuropathic ulceration. Similarly, 
bleeding into callus is a not an uncommon condi-
tion which is associated with neuropathy. Patients 
with autonomic neuropathy may present with dry 
skin that is poorly hydrated.  

   Tuning Fork 

 The conventional 128-Hz tuning fork is an easy 
and inexpensive tool to assess vibratory sensa-
tion. The test is considered positive when patients 
lose vibratory sensation while the examiner still 
perceives it  [  1  ] . The tuning fork is struck until it 
clangs, and the tip of the tuning fork is held 
against a bony prominence, such as the distal tip 
of the great toe. Patients are asked if they can feel 

the vibration. If they feel pressure but no 
vibration, they have loss of vibration sensation. 
In addition, patients should be able to feel the 
vibration for about 20 s. If they cannot feel 
the vibration for 20 s, they have abnormal vibra-
tion sensation. In addition to a standard 128-Hz 
tuning fork, a graduated tuning (Rydel-Seiffer) 
fork has provided comparable results to the vibra-
tion perception testing ( r , −0.90;  P  < .001)  [  28, 
  29  ] . Using the graduated tuning fork, patients 
indicate fi rst loss of vibration at the plantar hallux 
as the intersection of two virtual triangles moves 
on a scale exponentially from 0 to 8 in a mean 
(AD) of 39.8 (1) seconds  [  30  ] .  

   Semmes–Weinstein Monofi lament 

 The SWM is one of the most frequently utilized 
screening tools in the USA for identifying loss of 
protective sensation  [  1,   31  ] . The inability to per-
ceive the 10-g SWM has been associated with 
large-fi ber neuropathy  [  32,   33  ] . In three prospec-
tive studies, the 5.07 or 10-g SWM identifi ed per-
sons at increased risk of foot ulceration with a 
sensitivity of 65–91%, a specifi city of 36–86%, a 
positive predictive value of 18–39%, and a nega-
tive predictive value of 90–95%  [  18,   34,   35  ]  
(Table  4.2 ). The SWM consists of a plastic han-
dle supporting a nylon fi lament. It is portable, 
inexpensive, easy to use, and provides excellent 
negative predictive ability for the risk of ulcer-
ation and amputation  [  36  ] .  

 There are a number of important concerns 
regarding the SWM. There is a wide variability in 
the accuracy and durability of SWM sold in the 
USA. Certain brands of monofi laments are more 
accurate than others  [  37  ] . Instruments made in the 
UK seem to have better initial accuracy and cali-
bration  [  36  ] . SWMs experience material failure of 
the nylon monofi lament and become less accurate 
with repeated measurements. Therefore, it is impor-
tant to purchase calibrated instruments and replace 
them on a regular basis. In a clinical setting, it is 
best for the evaluator to have more than one mono-
fi lament available, as after numerous uses without 
a chance to “recover,” the monofi lament may 
buckle at a reduced amount of pressure, thus mak-
ing it oversensitive and therefore less accurate  [  37  ] . 
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Longevity and recovery testing results from an 
independent study suggest that each monofi lament, 
regardless of the brand, will survive usage on 
approximately ten patients before needing a recov-
ery time of 24 h before further use  [  31,   37  ] . 
Furthermore, differences in materials used in man-
ufacture and environmental factors may also change 
the characteristics of the monofi lament  [  37,   38  ] . 

 It is clear that monofi laments should be replaced 
every few months to get reliable results. For instance, 
Booth and colleagues evaluated four brands on 10-g 
monofi laments. They reported that after 100 load-
ing cycles “most” monofi laments were within 10% 
of the 10-g loading force. However, after 200 cycles, 
only 50% met that criteria. 

 Testing with the SWM is performed with the 
patient sitting supine in the examination chair 
with both feet level. The monofi lament is applied 
perpendicular to the skin until it bends or buckles 
from the pressure. It should be left in place for 
approximately 1 s and then released  [  1  ] . The 
monofi lament should be demonstrated on the 
patient’s hand so that he/she can understand 
the level of pressure provided during testing. The 
patient should close his/her eyes for the foot 
examination. They should be instructed to say 
“yes” each time they feel the monofi lament 
and then to identify the site where they felt the 

monofi lament. The number of sites that should be 
tested with monofi laments is unclear. However, 
because testing is noninvasive and inexpensive, 
the number of sites should not be a limiting factor 
in testing protocols. Some authorities have rec-
ommended that measurements be taken at each of 
the ten sites on the foot  [  39  ] . These include the 
fi rst, third, and fi fth digits plantarly, the fi rst, 
third, and fi fth metatarsal heads plantarly, the 
plantar midfoot medially and laterally, the plantar 
heel, and the distal fi rst interspace dorsally. 
However, testing just four plantar sites on the 
forefoot (the great toe, and base of the fi rst, third, 
and fi fth metatarsals) identifi es 90% of patients 
with loss of protective sensation  [  40  ] . 

 By convention, the 5.07 or 10-g monofi lament 
has been commonly associated with neuropathy 
with loss of protective sensation. However, there 
are many grades of monofi laments that are avail-
able, and both lower and higher forces have been 
evaluated and associated with “loss of protective 
sensation.” For instance, Sonseko and colleagues 
evaluated a 4.21 monofi lament and found good 
sensitivity, specifi city, and positive predictive 
value. Birke and colleagues evaluated the 6.10 or 
60-g monofi lament and found that none of the 
patients they evaluated could feel the monofi la-
ment (Table  4.3 ).   

   Table 4.2    10-g Monofi lament to diagnose sensory neuropathy   

 Study 
 Prevalence 
of ulcers (%)  Sensitivity  Speci fi city 

 Positive 
predictive value 

 Negative 
predictive value 

 Rith-Najarian [34]  11  65  86  39  95 
 Rith-Najarian (2000)  29  91  36  34  90 
 Boyko (1999)  11  68  62  18  94 

   Table 4.3    Results of monofi lament testing with different pressure thresholds   

 Study 
 Prevalence 
of ulcers (%) 

    Sensitivity (%) 
 Specifi city (%) 
 Positive (%)  Positive predictive value 

 Mueller (1989)   30  100 
 100 

 No ulcer patients felt 5.07 monofi lament 

 Birke (1986)  100  No ulcer patients felt 6.10 monofi lament 
 Sosenko (1990)   29   84 

  96 
  76 

 76%, 4.21 monofi lament 
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   Vibration Perception 
Threshold Testing 

 A VPT meter is a semiquantitative tool to assess 
large-fi ber neuropathy. The VPT meter (also 
known as biothesiometer or neurothesiometer) is 
a handheld device with a rubber tactor that 
vibrates at 100 Hz. The handheld unit is con-
nected by an electrical cord to a base unit. This 
unit contains a linear scale which displays the 
applied voltage, ranging from 0 to 100 V (con-
verted from microns  [  35,   41  ]  (Fig.  4.2 ). The 
device is held with the tactor balanced vertically 
on the pulp of the toe. The voltage amplitude is 
then increased on the base unit until the patient 

can perceive a vibration. A mean of three readings 
(measured in Volts) is generally used to deter-
mine the VPT for each foot. “Loss of protective 
sensation” with VPT has commonly been consid-
ered to be about 25 V. The level of VPT testing 
can help to predict ulceration. In a prospective 
cohort study, Abbott and colleagues evaluated 
1,035 patients with diabetes, no history of a foot 
ulcer, and a VPT greater than 25. During the fol-
low-up period, the yearly ulcer incidence was 
7.2%. For every 1 V increase in VPT, there was a 
5.6% increase in the risk of foot ulceration  [  42  ] .  

 VPT testing has been shown to have very good 
sensitivity and specifi city (Table  4.4 ). In a pro-
spective 4-year study, a VPT of more than 25 V 
had a sensitivity of 83%, a specifi city of 63%, a 
positive likelihood ratio of 2.2, and a negative 
likelihood ratio of 0.27 for predicting foot ulcer-
ation  [  43,   44  ] .   

   Modifi ed Neuropathy Disability Score 

 Clinical assessment can be used to score the 
severity of peripheral neuropathy in order to 
identify high-risk patients. The Modifi ed 
Neuropathy Disability Score (NDS) is a clinical 
assessment scoring scheme that uses standard 
clinical tools. These include deep tendon refl exes 
of Achilles tendons, vibration sensation with 
128-Hz tuning fork, pinprick, and hot and cold 
rods. Use of these instruments, combined into a 
disability score, has proven to be predictive of 
future diabetic foot complications  [  19  ] . In a pop-
ulation-based prospective study, Abbot evaluated 
9,710 patients with diabetes from 6 health 

  Fig. 4.2    Vibration perception threshold (VPT) meter. 
The vibrating tactor is placed at the distal pulp of the great 
toe. The amplitude (measured in volts) is increased on the 
base unit until the patient feels a vibration. This is termed 
VPT. A VPT greater than 25 V may be an optimal combi-
nation of sensitivity and specifi city for identifying clini-
cally signifi cant loss of protective sensation using this 
device       

   Table 4.4    Vibration perception threshold testing   

 Prevalence 
of ulcers (%)  Sensitivity (%)  Speci fi city (%) 

 Positive 
predictive value 

 Sosenko (1990)  29  83  87  49% 
 Vileikyte (1997)  28  86  79  NS 
 Armstrong (1998)  33  80  85  NS 

   NS  not stated  
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districts in the UK. During the 2-year follow-up 
period, there were 291 ulcers. Only 1.1% of 
patients with an NDS less than 6 developed a foot 
ulcer, and 6.3% of patients with NDS greater than 
6 developed an ulcer  [  19  ] .  

   Limited Joint Mobility 

 Neuropathy and foot deformity, when combined 
with repetitive or constant stress, can lead to ulcer-
ation. Characteristically, the highest plantar pres-
sure is associated with the site of ulceration  [  6,   7, 
  45–  47  ] . In one study of patients with peripheral 
neuropathy, 28% with high plantar pressure devel-
oped a foot ulcer during a 2.5-year follow-up 
compared with none with normal pressure  [  48  ] . 

 Clinicians should examine the feet for struc-
tural abnormalities, including hammer or claw 
toes, fl at feet, bunions and calluses, and reduced 
joint mobility to help identify pressure points that 
are susceptible to future ulceration. Structural 
deformity is frequently accompanied by limited 
joint mobility. Nonenzymatic glycosylation of 
periarticular soft tissues or tendons may contrib-
ute to limited joint motion in the person with dia-
betes. Neuropathy can lead to atrophy of the 
intrinsic muscles of the hands and feet which can 
cause instability at the metatarsophalangeal joint 
and digits  [  49–  51  ] . Limitation of motion reduces 
the foot’s ability to accommodate for ground 
reactive force and, therefore, increases plantar 
pressures  [  9,   52–  55  ] . Limitation of motion of the 
fi rst metatrsaophalangela joint has been defi ned 
as less than 50° of passive dorsifl exion of the hal-
lux  [  11,   56  ]  (Fig.  4.3 ). Additionally, glycosyla-
tion may deleteriously affect the resiliency of the 
Achilles tendon, thereby pulling the foot into 
equinus and further increasing the risk for both 
ulceration and Charcot arthropathy (Fig.  4.4 ).    

   Diabetic Foot Ulcer Classifi cation 

 Foot ulcer in persons with diabetes is one of the 
most common precursors to lower extremity 
amputation. Appropriate care of the diabetic 
foot ulceration requires a clear, descriptive 

  Fig. 4.3    Evaluation of fi rst metatarsophalangeal joint 
dorsifl exion (limited joint mobility). Limited joint mobil-
ity is frequently encountered in patients with long-stand-
ing diabetes. This is most signifi cant in the ankle joint 
(equinus) and the forefoot. Less than 50° of dorsifl exion at 
the fi rst metatarsal phalangeal joint indicates clinically 
signifi cant limited joint mobility       

  Fig. 4.4    Equinus and its relationship to elevated forefoot 
plantar pressure. Shortening or loss of natural extensibil-
ity of the Achilles tendon may lead to pulling of the foot 
into plantarfl exion. This leads to increased forefoot pres-
sure (increasing risk for plantar ulceration) and, in some 
patients, may be a component of midfoot collapse and 
Charcot arthropathy       
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classifi cation system that can be used to direct 
therapy, communicate risk, and possibly predict 
outcome. Speaking a “common language” when 
communicating risk in the diabetic foot is, there-
fore, essential. This tenet is most important when 
treating acute diabetic sequelae, such as the dia-
betic wound. A classifi cation system, if it is to be 
clinically useful, should be easy to use, reproduc-
ible, and effective to accurately communicate the 
status of wounds in persons with diabetes melli-
tus. There are a variety of variables that could be 
included in such a system, such as faulty wound 
healing, compliance issues, quality of wound 
granulation tissue, host immunity, nutritional sta-
tus, and comorbidities. However, most of these 
variables are diffi cult to measure or categorize 
and can complicate a system, so it is not useful as 
a clinical tool. In contrast, three well-documented, 
relatively quantifi able factors associated with 
poor wound healing and amputation include 
depth of the wound  [  57,   58  ] , presence of infec-
tion, and presence of ischemia  [  15,   59  ] .  

   Seven Essential Questions to Ask When 
Assessing a Diabetic Foot Wound 

 A classifi cation system has little value if the cli-
nician employing it does not approach each 
wound in a stepwise, consistent, and logical fash-
ion. When employing this approach, the fi rst four 
questions are useful in terms of their descriptive 
value. The last three questions are most useful for 
their predictive qualities.
    1.    Where is the ulcer located? 

 Location of a wound and its etiology go hand 
in hand. Generally, wounds on the medial 
aspect of the foot are caused by constant low 
pressure (e.g., tight shoes), whereas wounds 
on the plantar aspect of the foot are caused by 
repetitive moderate pressure (e.g., repetitive 
stress on prominent metatarsal heads during 
ambulation).  

    2.    How large is the ulcer? 
 Size of the wound plays a key role in deter-
mining duration to wound healing. To simplify 
wound diameter measurements, one may trace 
the wound on sterile acetate sheeting and tape 
this tracing into the chart (Fig.  4.5 ). The tracing 

can also be performed on the outer wrapping 
of an instrument sterilization pack (which 
would otherwise be discarded). Recently, 
many centers have begun employing digital 
photography and computer-driven planimetric 
wound area calculations. This provides for 
potentially more consistent, accurate measure-
ments and, ultimately, for comparison of 
wound healing rates with other centers region-
ally and beyond. In an evaluation of the repro-
ducibility of wound measurement techniques, 
Wunderlich and coworkers reported that 
wound tracing and digital planimetric assess-
ment were by far more reliable than manual 
measurement of length and width  [  60  ] .   

    3.    What does the base look like? 
 When describing the base of a wound, one 
may use terms like granular, fi brotic, or 
necrotic. One may record the presence or 
absence of any drainage, which may be 
described as serous or purulent, with a further 
description of any odor or color, as necessary.  

    4.    What do the margins look like? 
 The margins tell us a lot about the wound. If 
adequately debrided and off-loaded, they 
should be well adhered to the surface of the 
underlying subcuticular structures with a gen-
tle slope toward normal epithelium. However, 
in the inadequately debrided, inadequately 
off-loaded wound, undermining of the lead-
ing edge normally predominates. This is due 
to the “edge effect” which dictates that an 

  Fig. 4.5    Tracing the wound using sterile acetate sheet. 
Wound tracing may yield far more reproducible results in 
measuring wound size than simply length by width 
measurement       
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interruption in any matrix (in this case, skin) 
magnifi es both vertical and shear stress on the 
edges of that interruption. This subsequently 
causes shearing from the underlying epithe-
lium (making the wound larger by undermin-
ing) and increased vertical pressure (making 
the wound progressively deeper). If appropri-
ately debrided and off-loaded, this effect will 
be mitigated. Nonetheless, the margins of the 
wound should be classifi ed as undermining, 
adherent, macerated, and/or nonviable. 

 Subsequent to the fi rst questions, which we 
term “descriptive,” come the last three ques-
tions, which we term “classifi ers.” These classi-
fi ers can then be used to fi t a patient into the 
University of Texas wound classifi cation sys-
tem. This system has evolved as a signifi cant 
modifi cation of the Wagner system to include 
concomitant depth, infection, and ischemia. 
While both systems have been shown to be pre-
dictive of poor outcomes, the UT system has 
been shown to be signifi cantly more predictive 
and complete  [  61,   62  ] . Both, however, may be 
considered useful in a clinical scenario, depend-
ing on the preference of the clinician.  

    5.    How deep is the ulceration? Are there under-
lying structures involved? 
 These two questions are so closely related that 
they are combined into one. There is a possible 
contribution of depth to ulcer healing times  [  63  ] . 
Depth of the wound is the most commonly uti-
lized descriptor in wound classifi cation. Wounds 
are graded by depth. Grade 0 represents a pre- or 
postulcerative site. Grade 1 ulcers are superfi cial 
wounds through the epidermis or epidermis and 
dermis but do not penetrate to tendon, capsule, 
or bone. Grade 2 wounds penetrate to tendon or 
capsule. Grade 3 wounds penetrate to bone or 
into a joint. We have known for some time that 
wounds that penetrate to bone are frequently 
osteomyelitic  [  57  ] . Additionally, we have 
observed that morbid outcomes are intimately 
associated with progressive wound depth. 

 Depth of the wound and involvement of 
underlying structures may best be appreciated 
through the use of a sterile blunt metallic 
probe. The instrument is gently inserted into 
the wound and the dimensions of the wound 
may be explored. Additionally, bony involve-

ment is typically readily appreciable through 
this method.  

    6.    Is there infection? 
 The defi nition of bone and soft tissue infection 
is not an easy one. Cultures, laboratory values, 
and subjective symptoms are all helpful. 
However, the diagnosis of an infection’s gen-
esis and resolution has been and continues to 
be a clinical one. While criteria for infection 
may be something less than clear-cut, there is 
little question that the presence of infection is 
a prime cause of lower extremity morbidity 
and frequently eventuates into wet gangrene 
and subsequent amputation. Therefore, in an 
effort to facilitate communication and effect 
consistent results, the foot care team should 
agree on the criteria for this very important 
risk factor.  

    7.    Is there ischemia? 
 As discussed above, identifi cation of ischemia 
is of utmost importance when evaluating a 
wound. Ischemic wounds were found to take 
longer to heal compared to neuropathic 
wounds without deformities  [  63  ] . If pulses are 
not palpable or if a wound is sluggish to heal 
even in the face of appropriate off-loading and 
local wound care, noninvasive vascular stud-
ies are warranted followed by a prompt vascu-
lar surgery consultation and possible 
intervention to improve perfusion.      

   Wagner Ulcer Classifi cations 

 Several diabetic classifi cation systems have been 
reported in the medical literature. This section 
aims to chronologically review some of the most 
commonly described classifi cation systems cur-
rently used by a variety of practitioners to stage 
diabetic foot wounds and to discuss outcomes 
related to their use. One of the most frequently 
cited diabetic wound classifi cation systems was 
fi rst described by Meggitt  [  64  ]  in 1976 and 
Wagner  [  65  ]  in 1981. The system is based mainly 
on wound depth and consists of six wound grades. 
These include Grade 0 (intact skin), Grade 1 
(“superfi cial ulcer”), Grade 2 (deep ulcer to ten-
don, bone, or joint), Grade 3 (deep ulcer with 
abscess or osteomyelitis), Grade 4 (“forefoot 
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gangrene”), and Grade 5 (“whole-foot gangrene”). 
This classifi cation is outlined in Fig.  4.6 .  

 The classifi cation system contains three key 
descriptors, including depth, infection, and isch-
emia. However, it does not consistently include 
these important risk factors in every ulcer grade. 
Infection is included in only one of the six Wagner 
ulcer grades, and vascular disease is only included 
in the last two classifi cation grades. The fi rst 
three grades are concerned only with depth. It is 
perhaps for this reason that they are the most 
commonly used, whereas the last three are largely 
ignored because of their limited clinical use. The 
descriptors Meggit and Wagner used for ischemia 
were forefoot and whole-foot gangrene. These 
represent the most severe form of end-stage dis-
ease, and therefore cannot help to guide proactive 
interventional therapy, except frank ablation of 
the affected site. In addition, because gangrene 
can be caused by infection, it may not always 
have a vascular origin. Since there are better 
diagnostic tools to assess and treat PAD, more 
robust criteria for ischemia will improve diagno-
sis, interventions, and amputation prevention. 

 There are several papers that have attempted 
to validate the Wagner classifi cation system  [  66, 
  67  ] . Calhoun et al.  [  67  ]  evaluated wounds that 
were infected and retrospectively assigned 
Wagner grades to them. They found that when 
wounds were treated according to what they con-
sidered a healthy standard of care, then success, 
which they defi ned as eradication of infection 
and prevention of readmission for 1 year, was fre-
quently achieved despite wound grade  [  67  ] . Van 
Acker  [  68  ]  found the Wagner classifi cation to 
have signifi cant association with the duration of 
healing of the ulcer. Armstrong et al.  [  62  ]  sug-
gested that patients with Wagner stages 4 and 5 

may be grouped together as the two groups did 
not have separate prognostic value. In addition, 
these patients are often referred directly to a sur-
geon for amputation and are rarely seen by the 
diabetic foot team. The system was adapted to 
combine medical and surgical elements of ther-
apy to monitor the treatment of diabetic foot 
infection. Unfortunately, in requiring that wounds 
be infected as an inclusion criterion, it made 
assessment of this classifi cation problematic, as 
Wagner wound grades 0–2 classically have no 
infection descriptor attached to them. In fact, the 
only mention of infection in this system occurs in 
Grade 3. It is this fact that causes many to cus-
tomize this system such that it often takes on dis-
tinctly different regional characteristics. This 
unfortunately limits its usefulness as a standard 
diabetic foot classifi cation. 

 In the 1980s and 1990s, many authors, includ-
ing Forrest and Gamborg-Nelson  [  69  ] , Pecoraro 
and Reiber  [  70  ] , Arlt and Protze  [  71  ] , and 
Knighton et al.  [  72  ] , proposed their own wound 
classifi cations; however, these systems have not 
gained universal acceptance. More recent classi-
fi cation systems that have been proposed include 
the UT classifi cation modifi cation by Armstrong 
and Peters  [  63  ] , the PEDIS system by IWGDF 
members  [  73  ] , and the S(AD) SAD system pro-
posed by Macfarlane and Jeffcoate  [  74,   75  ]  .  
These systems will require validation and to gain 
universal acceptance.  

   UT Ulcer Classifi cation 

 The University of Texas Health Science Center in 
San Antonio (UT) proposed a classifi cation that 
included depth, infection, and vascular status in 
1996  [  62,   76  ] . The classifi cation integrates a sys-
tem of wound grade and stage to categorize 
wounds by severity. It is based around two funda-
mental questions the clinician asks when assess-
ing a wound: (1) How deep is the wound? and 
(2) Is the wound infected, ischemic, or both? The 
classifi cation formulates into a matrix with infec-
tion and/or ischemia as the vertical axis and depth 
as the longitudinal axis. This system is illustrated 
in Fig.  4.7 .  

  Fig. 4.6    Meggitt–Wagner wound classifi cation system       
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 Similar to other wound classifi cation systems, 
the UT system grades wounds by depth. Grade 0 
represents a pre- or postulcerative site. Grade 1 
ulcers are superfi cial wounds through either the 
epidermis or the epidermis and dermis but do not 
penetrate to tendon, capsule, or bone. Grade 2 
wounds penetrate to tendon or capsule, but the 
bone and joints are not involved. Grade 3 wounds 
penetrate to bone or into a joint. Within each 
wound grade, there are four stages: clean wounds 
(A), nonischemic infected wounds (B), ischemic 
wounds (C), and infected ischemic wounds (D). 

  The Grade 0 wound : Grade 0 wounds are preul-
cerative areas or previous ulcer sites that are now 
completely epithelialized after debridement of 
hyperkeratosis and nonviable tissue. The diagno-
sis of a Grade 0 wound can be made only after 
removal of any regional hyperkeratosis, as quite 
often frank ulcerations may be hidden by overly-
ing calluses. The Grade 0-A wound is then a 
preulcerative area or a completely epithelialized 
postulcerative are. The Grade 0-B wound is a 0-A 
lesion with associated cellulitis. The Grade 0-C 
wound is a 0-A lesion with concomitant regional 
signs of ischemia. The Grade 0-D wound is a 0-B 
lesion coupled with a working diagnosis of lower 
extremity ischemia as defi ned above. 

 Although lesions that fall into the Grade 0 cat-
egory do not have a break in the epidermis and 
may not be classically classifi ed as “wounds,” the 
category is important in the identifi cation of sites 

that are “at risk” for future ulceration and to 
monitor and prevent reulceration of newly healed 
wounds. Because there is a very high rate of reul-
ceration (28–50%)  [  12  ] , the Grade 0 classifi ca-
tion allows physicians to follow the progression 
of wounds over time from healed to reulcerated. 

  The Grade I wound : Grade I wounds are superfi -
cial in nature. They may be either partial or full-
thickness skin wounds without the involvement of 
tendon, capsule, or bone. The Grade I-A wound 
is, therefore, superfi cial, partial, or full-thickness 
wound. The Grade I-B wound is an infected 
superfi cial wound. As with any neuropathic lesion, 
Grade I-B wounds should be examined very care-
fully. By defi nition, the Grade I-B wound implies 
superfi cial infection without the involvement of 
underlying structures. If the wound shows signs 
of signifi cant purulence or fl uctuance, further 
exploration to expose a higher grade infection is 
in order. The Grade I-C wound is I-A plus vascu-
lar compromise and the Grade I-D wound is the 
infected I-B wound with concomitant ischemia. 

  The Grade II wound : Grade II wounds probe 
deeper than the Grade I wounds. Grade II wounds 
may involve tendon or joint capsule but not bone. 
The reason for the distinct delineation between 
wounds that probe to bone and those without 
bone or joint involvement is because of the high 
correlation between probing to bone and osteo-
myelitis (Lavery, 2005 #11205)  [  57,   77  ] . 

  Fig. 4.7    University of Texas wound classifi cation system       
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 The II-A wound may, therefore, probe to ten-
don or joint capsule, but not bone. The II-B 
wound is II-A plus infection, and again the bone 
and joint are not involved. The Grade II-C wound 
is II-A plus ischemia, and the Grade II-D wound 
corresponds to II-B plus ischemia. 

  The Grade III wound : A wound that probes to 
bone is categorized as a grade III wound. The 
modifi ers are then added pending the presence of 
comorbid factor. The III-A wound probes to bone 
without local or systemic signs of acute infection. 
The III-B wound probes to bone with signs of 
acute infection. The III-C wound is identical to 
III-A with concomitant ischemia. The III-D 
wound is characterized by active infection, 
exposed bone, and vascular insuffi ciency. 

 The criterion for each of the stages is based on 
clinical and laboratory data. The working diagnosis 
of lower extremity ischemia may be based on clini-
cal signs and symptoms, such as absence of pedal 
hair, absent pulses, claudication, rest pain, atrophic 
integument, dependent rubor or pallor on elevation, 
plus one or more of the noninvasive criteria (trans-
cutaneous oxygen measurements of <40 mmHg, 
ankle-brachial index of <0.80, or absolute toe sys-
tolic pressure <45 mmHg)  [  78–  82  ] . 

 Clean ulcers may be defi ned as wounds with-
out local or systemic signs of infection. The clini-
cal diagnosis of infection in persons with diabetes 
is often diffi cult and defi ned by narrow, subtle 
parameters. Wounds with frank purulence and/or 
two or more of the following local signs may be 
classifi ed as “infected”: warmth, erythema, lymp-
hangitis, lymphadenopathy, edema, pain, and loss 
of function. Systemic signs of infection may 
include fever, chills, nausea, vomiting, or gener-
alized malaise  [  83  ] . This clinical diagnosis of 
infection is often obscured by neuropathy and 
possibly immunopathy. In the insensitive foot, 
pain and/or loss of function are poor indicators of 
infl ammation and infection  [  84  ] . Likewise, dia-
betic subjects have been shown to posses 
defi ciencies in leukocyte adherence, chemotaxis, 
phagocytosis, and diapedesis  [  85–  87  ]  and often 
do not have leukocytosis in the presence of acute 
soft tissue or bone infection  [  84,   88,   89  ] . Warmth 
and edema are less than ideal indicators of 

 infection, as ulcerated sites tend to be warmer 
and more edematous than the corresponding site 
contralaterally regardless of the presence of 
infectious disease  [  90  ] . However, despite these 
impediments, diagnosis of a diabetic foot infec-
tion remains primarily a clinical one  [  88,   89  ] . The 
diagnosis and subsequent treatment of infection 
may also be assisted by laboratory studies, posi-
tive deep tissue cultures, or wound-based curet-
tage  [  91  ] . When osteomyelitis is suspected, bone 
biopsy with appropriate pathology and culture 
studies is still the gold standard for diagnosis. 

 Armstrong et al. validated the predictive value 
of the UT classifi cation system in 1998  [  62  ]  and 
noted a signifi cant overall trend toward an 
increased prevalence of amputations as wounds 
increased in both grade (depth) and stage (comor-
bidity). For example, patients whose wounds 
were both infected and ischemic were noted to be 
almost 90 times more likely to receive a high-
level amputation compared with patients in a less 
advanced wound stage, and patients whose wound 
probed to the underlying bone were over 11 times 
as likely to receive a high-level amputation  [  63  ] . 
Unfortunately, the study was retrospective and 
was not a multicenter trial. In addition, some 
degree of bias may have been present since the 
study was carried out by the center that fi rst 
described the system and the clinicians using it 
that are intimately familiar with the system. 

 Oyibo et al.  [  92  ]  compared the Wagner clas-
sifi cation system with the UT system in a multi-
center, prospective, longitudinal, case–control 
study of 194 patients. The study suggested that 
both the UT and the Wagner classifi cation system 
correlated similarly with clinical outcome. Both 
systems associated higher grades with a greater 
likelihood of an ulcer not healing and a greater 
chance of limb amputation  [  63  ] . The trend for 
grade of the UT classifi cation system was slightly 
more robust than the trend for grade of the Wagner 
classifi cation. The inclusion of comorbid factors, 
such as infection and/or ischemia, to grade 
(depth) when classifying an ulcer with the UT 
system improves description and adds to the pre-
dictive power of a wound classifi cation system, 
especially for ulcers within the same grade level 
but at a different stage. Based on this, the UT 
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wound classifi cation showed promise as a more 
practical system. 

 As with other classifi cation systems, the UT 
classifi cation is not void of potential shortcom-
ings. Neuropathy, considered by many to be an 
important etiologic and prognostic factor, is not 
included in the UT classifi cation system. This 
exclusion is based on the argument that neuropa-
thy is a preexisting condition in most diabetic 
foot wounds and it is not a signifi cant indepen-
dent risk factor. The UT classifi cation system 
also does not describe the anatomic region of the 
wound: however, it is still not clear that anatomic 
is a factor that would either change treatment or 
clinical outcomes. Another shortcoming of the 
UT classifi cation system is that it leaves no room 
for more specifi city or complexity. Simplicity is 
one reason that the Wagner classifi cation has 
remained popular. The UT classifi cation is 
already fairly complex with four-by-four matrix-
grading system. Additional information that is 
not strongly associated with triggering a change 
in treatment could hinder the practical applica-
tion of wound classifi cation. 

 All the proposed classifi cation systems have 
attempted to integrate local factors with varying 
degrees of validated success. These systems 
might be viewed with the same considerations we 
use when we think of a language. A universal 
idiom has dialects, accents, and pragmatic slang. 
Different exposure and usage of the language 
will cause it to change over time. These dialects 
should be judged in light of a progress toward a 
lower global prevalence of lower extremity ampu-
tations. To avoid inconsistencies, we need to 
move toward a validated and universally accepted 
diabetic foot wound classifi cation system. 

 In conclusion, it is observed that many of the 
most common component causes for neuropathic 
ulceration, infection, and subsequent amputation 
may be identifi ed using simple, inexpensive 
equipment in a primary care setting. A consistent, 
thoughtful assessment of the diabetic foot is piv-
otal to identify high-risk patients. Subsequent to 
the gathering of clinical data through sequential 
assessment, appropriate classifi cation of the 
wound becomes paramount in our efforts to doc-
ument and communicate the level of risk to all 

members of the health care team caring for the 
person with diabetes. These simple approaches 
should improve communication and facilitate 
amputation prevention.       
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