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It is with great joy that we present the fifth edition of our textbook, The Diabetic Foot: Medical 
and Surgical Management. As with previous editions, we aimed to maintain a 5-year interval 
between updates. While it may be argued that major breakthroughs have occurred in diabetic 
lower extremity problems since the last edition, nonetheless, significant advances in our under-
standing of their pathogenesis and management justify a new edition. We have therefore kept 
the structure of the book the same, dividing it into four sections that cover clinical features and 
diagnosis, pathophysiology, the management of diabetic foot problems, and the organization 
of preventive care. Each chapter has been revised to incorporate new knowledge, and addi-
tional chapters have been added, mainly in the pathophysiology section.

Although the COVID-19 pandemic has dominated news and attention in recent years, dia-
betes remains a serious pandemic that, unlike COVID-19, shows no signs of improvement. As 
a result, significant resources will continue to be necessary for its management, and every 
indication suggests that diabetic foot pathologies will be among the more serious problems, 
consuming a larger portion of the resources spent on diabetes. As with previous editions, we 
have taken advantage of the extensive experience accumulated at the Joslin-Beth Israel 
Deaconess Foot Center over the decades and described our multidisciplinary approach that 
combines state-of-the-art management with a focus on avoiding unnecessary waste of valuable 
resources.

Among the various changes in the book, the most prominent in this edition is the replace-
ment of one of the editors. Dr. Raul Guzman has left our institution for a more prominent posi-
tion as Chief of Vascular Surgery at Yale University, where we have no doubt that he will excel, 
as he has in all his previous positions. We are delighted that his position has been taken by Dr. 
Marc Schermerhorn, Chief of Vascular Surgery at our institution, the Beth Israel Deaconess 
Medical Center. He brings with him not only extensive experience in the clinical management 
of diabetic lower extremities but also an impressive research record.

The success of the previous four editions gives us confidence that the new edition will be 
similarly judged by the medical community as a helpful tool in improving the management of 
diabetic foot problems, preserving the lower extremity, and avoiding amputations. To this end, 
we want to acknowledge the contributions of all the authors and sincerely thank them for their 
outstanding work. Last but not least, we want to express our gratitude to Humana Press for 
their continuing support of this project.

Boston, MA, USA� Aristidis Veves  
Boston, MA, USA � John M. Giurini  
Boston, MA, USA � Marc L. Schermerhorn  

Preface
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1The Epidemiology of Diabetic Foot 
Ulcer and Amputation

David J. Margolis

Abstract

Lower extremity amputation (LEA) and foot ulcer (DFU) 
are important complications of diabetes. Incidence and 
prevalence are two epidemiologic measures that indicate 
new events and events that are currently present. The inci-
dence and prevalence of LEA and DFU vary worldwide 
and also within countries. Of note, the incidence of LEA 
appeared to be decreasing in the early part of this century 
but now in many countries is increasing. The increase is 
often associated with minor amputations. Individuals who 
have diabetes and DFU or LEA are at increased risk of 
death. The costs associated with care for individuals with 
LEA or DFU are higher than for those with diabetes who 
do not have LEA or DFU.

�Background and Introduction

Lower extremity complications of diabetes are an interna-
tional problem [1–4]. Epidemiologic studies of these compli-
cations are difficult to conduct and can be confusing to 
interpret, especially if the reader does not have a good under-
standing of epidemiologic principles. Epidemiology is the 
study of disease in a population at large, and it includes the 
incidence, prevalence, distribution, cause, and natural history 
of the disease. The study of epidemiology is concerned with 
the health of populations, and it not only helps inform the 
natural history and treatment of disease, but it is also a basic 
science that is used to guide public health policy. 
Epidemiologic studies are often used to help guide evidence-
based practice. Most epidemiologic studies are observational, 
which means that epidemiologists usually observe a popula-
tion and how it is affected by a disease without intervening in 

the population. On the other hand, in experimental studies, a 
clinical trialist will determine how an intervention affects an 
individual’s health by actively exposing individuals in a pop-
ulation to an exposure, such as a drug, of interest.

For this chapter, we will primarily focus on complications 
limited to the lower extremities in those with diabetes (dia-
betic foot ulcer (DFU) and lower extremity amputation 
(LEA)) and two important epidemiologic concepts: inci-
dence and prevalence. Other important diseases of the lower 
extremity, like Charcot foot, will be described in other chap-
ters. Incidence is the frequency of new cases of a disease or 
other outcomes among those who are at risk of the disease or 
outcomes of interest within a specified time period. For our 
discussion, the “at-risk population” mainly refers to individ-
uals with diabetes who have lower extremity limbs but could 
include all individuals. As a result, it is important that the 
“at-risk” population is described. “At-risk” does not mean a 
person is at the highest risk but refers to anyone who can 
have an outcome of interest (e.g., if the outcome is LEA, the 
population at risk should have legs). Generally, a new case 
occurs only once. However, it could be possible to define the 
population as individuals who have had DFU, and the inci-
dence estimate is for another foot ulcer. In our setting, inci-
dence is measured by dividing the number of individuals 
who develop a new DFU or LEA by the number of individu-
als in the at-risk population (e.g., individuals with diabetes 
and lower extremities). The numerator and denominator can 
also be influenced by the method(s) used to diagnose diabe-
tes and how the outcome is determined (e.g., minor versus 
major amputation, in-person examination, billing records, 
patient survey, etc.). The numerator can be greatly influenced 
by the diagnostic criteria used to determine diabetes, whether 
all ages were studied, whether the population studied was the 
full population or just those with diabetes, etc. Prevalence is 
the frequency of a disease or other outcomes of interest over 
a given period. In the setting of this chapter, prevalence is 
measured as the number of individuals with DFU or LEA 
divided by the number of individuals sampled (most likely 
with diabetes) over a specified period. Measuring prevalence 
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is especially important and relevant for chronic diseases (i.e., 
diseases of longer duration resulting in prevalence rates 
being larger than incidence rates). Prevalence can be mea-
sured as point prevalence (i.e., Does an individual have a foot 
ulcer today?), yearly prevalence (i.e., Does an individual 
have a foot ulcer during a 12-month period?), their lifetime 
prevalence, or any other given period of interest. Prevalence 
estimates can also be greatly influenced by factors discussed 
above for the numerator and denominator.

While there are several other important epidemiological 
concepts, at a minimum, the concepts of bias and generaliz-
ability are essential when trying to interpret an epidemio-
logical report on incidence and prevalence. Most 
epidemiologic studies evaluating incidence or prevalence are 
observational studies designed as cohort studies, which are 
often large studies for which information is documented pro-
spectively (followed forward in time). For example, when 
assessing the incidence of DFUs, individuals enrolled in a 
cohort study did not have DFU when their observation began, 
and then they were followed for days, months, or years to 
determine if DFU occurred. Case-control studies enroll 
subjects who do (case) or do not (control) have an outcome 
of interest, and then important information is obtained retro-
spectively. As a result, the overall rate of disease (e.g., case) 
in the general population cannot be ascertained, but risk fac-
tors for the disease can. For example, individuals with DFU 
are enrolled in a study, along with individuals who do not 
have DFU, and then they were questioned about important 
historical factors in order to determine potential risk factors 
for DFU. Cross-sectional studies are the evaluation of a 
population at a specific point in time. While this may not be 
an adequate design for an incidence study, cross-sectional 
studies can be a good design for a point prevalence study.

When evaluating reports, it is crucial to consider potential 
errors in estimates of prevalence and incidence and internal 
(bias) and external validity (generalizability). Selection bias 
is a systematic bias in a study caused by how subjects are 
selected or not selected for a study. In a case-control study, 
selection bias can occur if the source population from which 
the cases are drawn is different from the control source popu-
lation. In a cohort study, selection bias can result from prob-
lems with how individuals were recruited for evaluation. 
Information bias is a bias that occurs because of reporting. 
Reporting can vary because of the skill of the observer, the 
frequency of observation, the subject’s memory and how 
their memory was prompted, how questions were asked, how 
information was stored and retrieved, etc. A final issue to 
consider is generalizability. Generalizability is how well the 
results of a study represent other populations of concern. For 
example, if the goal was to determine the countrywide inci-
dence of DFU using a cohort composed of patients followed 
monthly in an adult-onset hospital-based diabetes clinic 

where routine foot examinations are a part of the clinic’s 
standard practice, the incidence of DFU will likely be higher 
than for a primary care clinic in the community (poor gener-
alizability). Fuller discussions on epidemiologic studies are 
best left to textbooks.

The remainder of this chapter will present incidence and 
prevalence estimates for DFUs and LEAs. As described 
above, it is important to evaluate these estimates based on the 
population studied and how individuals were determined to 
have diabetes, foot ulcers, and lower extremity amputation. 
Rates may vary considerably if the population evaluated is 
the full population, only those over a certain age, only those 
with diabetes, only those hospitalized, those with no previ-
ous history of amputation or foot ulcer, etc. It is important to 
consider the lessons learned above when interpreting these 
estimates.

�Lower Extremity Amputation and Concerns 
About Available Data

The incidence of LEA is tracked by the United States (US) 
Centers for Disease Control and Prevention (CDC) using 
several publicly available datasets. CDC estimates are avail-
able at https://gis.cdc.gov/grasp/diabetes/diabetesatlas-
surveillance.html. The CDC data presented here for LEA are 
based on hospital discharge data from the National Inpatient 
Sample (NIS) and the National Health Information Survey 
(NHIS). Data were obtained from the CDC website in 
February 2023. The most recently reported age-adjusted rate 
of LEA among hospitalized individuals with diabetes that is 
available from the CDC data source in the United States is 
5.6 per 10,000 persons in 2019. However, using this same 
dataset, the rate was 5.38 in 2000, 3.07 in 2009, and 4.62 in 
2015 [5]. The rate of LEA decreased over the first decade of 
this century but is now increasing rapidly (Fig. 1.1) [5, 6].

This rate fluctuation could represent changes in care over 
time but could also potentially be affected by the epidemio-
logic concepts discussed above. The definition of diabetes 
changed between 1997 and 2010 [5–7]. As compared to pre-
1997, the changes in the definition of diabetes were related to 
the criteria used to diagnose diabetes, which included diag-
nosing diabetes in patients using a lower value of fasting 
blood sugar, the use of a decreased magnitude in glycemic 
index from a glucose tolerance test, and the acceptance of 
hemoglobin A1c as a diagnostic test [5–7]. These changes 
could result in diagnosing diabetes earlier in the course of 
the disease, thereby diagnosing diabetes in individuals who 
are less likely at the time of diagnosis to develop DFU or 
have LEA [2, 5–7]. As would be expected, these changes 
resulted in an increase in newly diagnosed (incidence of) 
diabetes in the late 1990s and early 2000s. Community 
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Fig. 1.1  US incidence (per 1000) and prevalence of diabetes (per 100) 
and incidence of hospital-reported lower extremity amputation (per 
1000 with diabetes) from 2000 to 2021 (if data were available). Data 
were obtained from the Centers for Disease Control and Prevention 
(https://gis.cdc.gov/grasp/diabetes/diabetesatlas-surveillance.html) in 
March 2023
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Fig. 1.2  US incidence of hospital-reported lower extremity amputa-
tion by highest level: toe, foot, below the knee, and above the knee (per 
1000 with diabetes) from 2000 to 2019. Data were obtained from the 
Centers for Disease Control and Prevention (https://gis.cdc.gov/grasp/
diabetes/diabetesatlas-surveillance.html) in March 2023

screening for diabetes also improved. Overall, the incidence 
of diabetes per age-adjusted 1000 people in the United States 
first increased and then decreased from 2000 to 2021 in the 
United States from about 6.5 per 1000 to about 5.1 per 1000 
and the prevalence of diabetes stabilized ranging from 6 per 
100 in 2000 to 8.5 per 100 in 2021 (Fig. 1.1). Initially, as the 
incidence and prevalence of diabetes increased, there was a 
marked decrease in the rate of LEA. Whereas many attrib-
uted this change to improved care, an explanation for this 
sharp decrease in the rate of LEA could have been related to 
the fact that the actual number of LEA remained stable (e.g., 
a numerator with a minimal change), while at the same time, 
the number of patients with diabetes rapidly increased (e.g., 
an enlarging denominator, including individuals earlier in 
the diabetes disease course) [5]. Since LEA and DFU are a 
later complication of diabetes, as patients with earlier forms 
of diabetes matured with their disease, the potential for DFU 
and LEA increased. Over the past several years, the rate of 
LEA is now increasing toward rates noted at the end of the 
last century. Figure  1.1 is a graphical presentation of this 
phenomenon using data from the United States Diabetes 
Surveillance System obtained in February 2023 (US CDC; 
https://gis.cdc.gov/grasp/diabetes/DiabetesAtlas.html#).

In addition, a second important epidemiologic issue with 
respect to the prevalence and incidence of LEA is related to 
the appropriateness of the outcome. Based on data from the 
CDC, the increasing rate of LEA is primarily associated with 
an increased incidence of minor amputations (toes and foot) 
(Fig.  1.2). The rate of major amputations has been stable 
over many years. Many clinicians have argued that minor 
amputations could represent a successful outcome that maxi-
mizes limb salvage (i.e., a minor amputation should be 

viewed as a treatment success) [8]. However, about 25–34% 
of individuals who had LEA will have a second amputation 
within 6–12  months on the same limb, and some minor 
amputations will become major amputations [9–11]. CDC 
data also show that unlike LEA rates, the rates of other 
diabetes-associated comorbidities, such as ischemic heart 
disease or end-stage renovascular disease, did not apprecia-
bly change with a change in the diagnosis of diabetes and 
ischemic heart disease decreased over time. As a result, it is 
important to be very careful when interpreting changes in 
LEA rates over time.

�Lower Extremity Amputation

Worldwide reviews and meta-analyses show marked variation 
in the rates of LEA from country to country, between regions 
within countries, and between continents. A review from 2013 
noted concerns about variations in the diagnosis of diabetes 
and the importance of differentiating the level of amputation 
and highlighted the variations both between countries and 
within countries [12]. The lowest incidence of LEA noted in 
that report was in Ireland, with a rate of 1.76 per 1000 diabet-
ics, and the highest was 5.0 per 1000 diabetics, which was 
reported in the United States [12–14]. In other studies, as large 
as an eightfold variation in the incidence of LEA was noted 
independently within regions in the United States and the 
United Kingdom [14–16]. While the variation was compara-
ble within the two countries, the rate of LEA was greater in the 
United States than in the United Kingdom [16, 17]. A global 
review and meta-analysis from 2023 examined 23 studies, not-
ing that the worldwide incidence of minor LEA was 1.40 per 
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Table 1.1  Examples of incidence estimates for individuals with lower 
extremity amputation

Year (citation) Cohort Incidence estimate
2000–2019 US Hospitalized 

(CDC)
4.3–5.6 per 1000 hospitalized 
with diabetes

2006–2009 [14] US Medicare 4.0–5.0 per 1000 with diabetes

2008–2018 [19] US Veteran’s 1.3–1.8 per 1000 veterans
2012 [16] UK General 

Practice
2.51 per 1000 with diabetes

1000 individuals with diabetes and 0.95 per 1000 for major 
amputations [4]. Overall, LEA rates varied from a low of 0.22 
per 1000 in Italy to a high of 6.11 per 1000 individuals with 
diabetes in the United States [4]. These authors also noted a 
variation based on the type of diabetes and that the rates over 
time increased or were stable in all countries worldwide [4]. 
These rates are summarized in Table 1.1.

Specifically, for the United States, per the CDC, from 
2010 to 2019, the rate of hospitalization for LEA among hos-
pitalized diabetics in the country varied from 4.2 to 5.6 per 
age-adjusted 1000 persons (Fig. 1.1). More specifically, the 
rates for toe amputation were 1.7–2.3, foot amputation 0.5–
1.7, and below-knee amputation 0.8–1.1 per age-adjusted 
1000 persons in hospitals. In a study of 100% of the US 
Medicare population with diabetes between 2006 and 2008, 
the prevalence of LEA associated with diabetes was 1.8 per 
100 enrolled in Medicare, and the incidence was about 0.5 
per 100 [14, 18]. Rates varied widely by state and between 
Dartmouth Health Referral Regions (HRR) [14–15, 17–18]. 
A recent analysis of the Veterans Health Administrative 
Services (VA) in the United States revealed that between 
2008 and 2018, the rate of LEA increased from 12.89 per 
10,000 persons treated in the VA system (in- or outpatients) 
to 18.12 per 10,000, representing a net increase of 5.23% 
[19]. The largest increase was for toe amputations (3.24%), 
which accounted for 62% of the overall increase, and trans-
metatarsal amputations (1.54%), with below the knee 
increasing only 0.81% during this time frame [19]. These 
estimates include individuals with and without diabetes. The 
majority of the LEA did occur in those with diabetes, and 
there was minimal increase over time in the rate of LEA 
among those without diabetes [19].

Risk factors for LEA consistently include lower extremity 
arterial flow; demographics; age; gender; race; smoking sta-
tus; cardiovascular status; obesity; glycemic control; hyper-
tension; peripheral arterial disease; cerebrovascular disease; 
renal function, including the severity of chronic renal dis-
ease; and previous history of amputation and/or foot ulcer, as 
well as characteristics of the foot ulcer. The magnitude of the 
risk factor does vary from study to study, and these factors 
will be reviewed in other chapters [1, 3, 13–14, 17, 19–21].

One of the most worrisome associations with LEA is the 
increased risk of mortality. A recent review and meta-
analysis revealed that pooled mortality rates 1, 2, 3, 5, and 
10  years after a major nontraumatic LEA were 33.7%, 
51.5%, 53%, 64.4%, and 80%, respectively [22]. For those 
with diabetes and a major LEA, the 1- and 5-year mortality 
rates were 27.3% and 63.2% [22]. A study from the 
Netherlands revealed a 1-year mortality rate of 34% among 
those with poor vascular flow with or without diabetes after 
LEA [10]. The 1-year mortality rate for older individuals 
(>75 years of age) with a major LEA was nearly 50% [10]. 
In a UK-based study, those with diabetes and any LEA had 
a 3.02 risk of death as compared to individuals with diabe-
tes who did not have LEA, and the overall 5-year mortality 
rate was 27.2% [23]. The risk of death was not altered by a 
statistical adjustment of the many factors that might be 
associated with LEA and death, such as renal disease, gly-
cemic control, history of cerebrovascular disease, periph-
eral vascular disease, and myocardial ischemia, indicating 
that the risk of LEA was separate from the risks associated 
with these illnesses, thereby indicating that LEA by itself is 
a risk factor for death [23].

�Diabetic Foot Ulcer

One of the best-studied chronic wounds is the DFU [1]. 
DFUs have an important impact on public health because 
of their association with LEA, as well as death [21, 23]. 
About 17% of individuals with a healed DFU will experi-
ence a recurrence in the same location, and 48% will recur 
on the contralateral foot [24]. Those with diabetes and 
DFU are more than ten times more likely to have LEA 
than those with diabetes and no DFU [25]. About 85% of 
individuals with diabetes who have LEA had a preceding 
DFU [26].

A recent meta-analysis estimated that the global preva-
lence of DFU was 6.3% [27]. The prevalence varied by 
region [27]. For example, the highest prevalence was in 
North America at 13.0%, and the lowest was estimated for 
Oceania at 3.0% [27]. By country, the highest prevalence 
was Belgium (16.6%) and the lowest was Australia (1.5%) 
[27]. Variations were also noted by sex (higher males), the 
type of diabetes (higher type 2), and whether the sample was 
from a hospital (higher) or community [27]. Although not 
specifically stated, the assumption is that these estimates 
were from populations with diabetes. As noted above, preva-
lence differs from incidence in that an incident ulcer occurred 
during the period of observation and a prevalent wound is 
present. The duration of the wound can link incidence with 
prevalence.
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Other studies have estimated that the prevalence of DFU 
varies from 1.2% to 20% for patients with diabetes in the 
hospital and from 0.02% to 10% for patients with diabetes in 
the community [1, 20, 28]. In the US Medicare population, 
the yearly prevalence of DFU among Medicare beneficiaries 
over 65  years of age was 8.0 and 8.1 per 100 individuals 
between 2006 and 2008 [18]. In a recent meta-analysis, DFU 
prevalence varied by age, the presence of other complica-
tions of and diseases associated with diabetes, and region [1, 
14, 17, 18, 25]. In a study of all US Medicare beneficiaries, 
DFU varied by age from a low of 6.1% for those with diabe-
tes between 65 and 74 years of age to a high of 15.0% for 
those over 95 [18]. It also varied in the United States by 
region (HRR) [18].

From a review in 2014, among those with diabetes, the 
worldwide incidence of DFUs has been reported to vary 
from 5 per 100 person-years to 8 per 100 person-years [1, 
28]. The incidence of DFU in 2006–2008 in the US Medicare 
population was about 6% between 2006 and 2009 [14]. A 
variation in DFU incidence was noted by age with an overall 
rate of 6 per hundred person-years, with a low of 4.6 for 
those aged between 65 and 74 and a high of 11.5 per hundred 
person-years for those over 95 [14]. All rates varied three- to 
five-fold by US HRR [14, 17–18]. A study in the UK of first 
DFUs occurring in 2007–2017 revealed yearly incidence 
estimates of 1.4–3.6 per 1000 person-years of type 2 diabetes 
[29]. DFUs were more common in those with type 2 diabetes 
[29]. A regional variation has also been noted in the UK [16]. 
These rates are summarized in Table 1.2.

Those with DFU, like those with LEA, are also at an 
increased risk of death. The increased risk of death among 
those with diabetes and DFU is about two times the risk of 
death for those with diabetes who do not have a foot ulcer 
[21, 23]. As reported for those with LEA, the reason for this 
association is not fully explained by the same factors reported 
above [21]. In the UK, 1-year mortality for those with type 2 
diabetes and DFU the mortality 1 year after the diagnosis of 
DFU is 11.7% and 33.1% at 5  years [29]. In another UK 
study, after the diagnosis of DFU, the 5-year mortality was 
42.2% for those diabetics who had DFU, and they were more 
than twice as likely to die than those with diabetes and no 
history of DFU [21]. A recent meta-analysis evaluated the 
global mortality of DFU [26]. The meta-estimate for survival 
rates were 86.9% at 1  year, 66.9% at 3  years, 50.9% at 
5 years, and 23.1% at 10 years [26]. The study noted that 

cardiovascular disease and infection were the leading causes 
of death among those with DFU, but these illnesses did not 
explain the full increased risk of death [26].

�Burden of Diabetic Foot Ulcer and Lower 
Extremity Amputation

The burden of DFU and LEA is related to factors such as 
mortality and economics. Mortality is described above and is 
a key driver with respect to the burden of an illness. As noted, 
both DFU and LEA are associated with an increased risk of 
death as compared to those with diabetes who did not have 
LEA or DFU [1, 3, 10, 21–22, 29]. A recent report equated 
the LEA-associated 5-year mortality to the risk of death from 
cancer [30]. The risk of death associated with DFU and LEA 
at 5 years was greater than the risk of death from breast can-
cer [30]. The risk of death after a major amputation was 
greater than the combined risk from all cancers and only 
about 25% less than from lung cancer [30].

Estimating the cost of care can be difficult because not all 
countries accrue health costs in a similar way. As a result, 
determining direct economic costs for care is difficult, and 
comparing between countries is problematic. In the United 
States, medical care is mostly fee-for-service, and many 
studies (US and others) try to determine costs based on US 
expenditure models. For example, a recent study from 
Singapore evaluated costs accrued between 2013 and 2017 
based on in- and outpatient care among individuals with 
DFU [31]. The average cost for those with DFU was USD 
3368 per patient-year; for minor amputation, it was USD 
10,468 per patient-year, and major amputation was USD 
30,131 per patient-year [31].

In a study evaluating 100% of Medicare beneficiaries from 
2006 to 2008, the annual cost per beneficiary for those with 
DFU was between US$31,600 and US$35,000, and US$1800 
to US$1900 were for services thought to be directly related to 
DFU [32]. Individuals with DFU were, on average, seen by 
healthcare providers 14 times per year and were hospitalized 1.5 
times per year [32]. For LEA, the costs were between US$49,300 
and US$54,000 for all medical services and US$7600 and 
US$8000 for select services directly related to LEA [32]. These 
costs varied by state and HRR. In 2014, using a 5% random 
sample of Medicare and data from a private insurer, it was esti-
mated that the treatment of DFU cost an additional US$2021 
than other Medicare beneficiaries, and the overall medical costs 
for DFU patient was between US$11,170 and US$16,883 for 
the 12-month period following their DFU [33].

A review from 2018 found somewhat similar costs in 
European countries [34]. Overall, the European costs for 
patients with DFU were estimated to be approximately USD 
13,561 per year [34, 35]. More specifically, monthly costs in 

Table 1.2  Examples of incidence estimates for individuals with dia-
betic foot ulcers

Year (citation) Cohort Incidence estimate
2006–2009 [18] US Medicare 6.0 per 100 with diabetes
2007–2017 [29] UK General Practice 1.4–3.6 per 100 with type 2 

diabetes
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France were about USD 1265 for DFU patients; in the UK, 
the yearly costs were about USD 7539 per DFU patient, and 
in Belgium, the yearly costs were about USD 10,572 per 
DFU patient [34, 36, 37]. More specifically, for the National 
Health Service (NHS) in the UK, in 2014–2015 the overall 
cost of care (hospital, outpatient, community and primary 
care) for a DFU or LEA was estimated to be between £837 
million and £962 million, respectively [36]. The overall cost 
to the NHS was greater for DFU than for LEA because in 
absolute terms, there are more patients with DFU than LEA.

�Conclusion

DFU and LEA are worldwide important complications of 
diabetes. When evaluating published rates of DFU and LEA, 
it is important to determine if the reported rate is incidence or 
prevalence. It is important to evaluate the study design and 
consider inherent biases in the estimates as well as the gen-
eralizability of the estimates. The rate may also vary widely 
based on the at-risk population under consideration. The bur-
den of these complications includes the increased rate of 
death and economic costs. DFU and LEA are significant and 
burdensome complications of diabetes worldwide.
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2Clinical Examination and Risk 
Classification of the Diabetic Foot

Lawrence A. Lavery and Mehmet A. Suludere

Abstract

A consistent, thoughtful assessment of the diabetic foot is 
pivotal to identifying patients at risk for ulceration. In this 
chapter, we discuss the key risk factors to screen patients 
for foot complications, a history of lower extremity dis-
ease, the presence of peripheral neuropathy, and foot 
deformities. We discuss the practical approach and back-
ground of these key risk factors and, subsequently, the 
two most commonly used classification systems for dia-
betic foot ulcers. Many of the risk factors for ulceration 
may be identified using simple, inexpensive techniques in 
a primary care setting. Appropriate classification of the 
wound becomes paramount in our efforts to document 
and communicate the level of risk and facilitate amputa-
tion prevention.

Foot ulceration is one of the most common precursors to 
lower extremity amputations among persons with diabetes 
[1, 2]. Ulcerations are pivotal events in limb loss for two 
important reasons. First, they allow an avenue for infection, 
and second, they can cause progressive tissue necrosis and 
poor wound healing 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 [3]. Foot ulcers 
therefore play a vital role in the causal pathway to lower 
extremity amputation.

The etiology of ulcerations in persons with diabetes is 
commonly associated with the presence of peripheral neu-
ropathy and repetitive trauma due to normal walking activi-
ties to areas of the foot exposed to moderate or high pressure 
and shear forces [4]. Foot deformities, limited joint mobility, 

partial foot amputations, and other structural deformities 
often predispose diabetic patients with peripheral neuropa-
thy to abnormal weight-bearing, areas of concentrated pres-
sure, and abnormal shear forces that significantly increase 
their risk for ulceration [5, 6]. Brand theorized that when 
these types of forces were applied to a discrete area over an 
extended period, they would cause a local inflammatory 
response, focal tissue ischemia, tissue destruction, and ulcer-
ation [7]. The identification of persons at risk for ulceration 
is of vital importance in any plan for amputation prevention 
and diabetes care.

�Diabetic Foot Risk Classification

Preventing foot complications begins with identifying 
patients at risk for developing a foot ulcer. Diabetic foot 
screening programs are inexpensive and can be performed by 
technicians or nurses with basic training. In patients with 
signs or symptoms of loss of protective sensation caused by 
peripheral neuropathy, examinations should include obtain-
ing a detailed history of ulceration and amputation of the 
lower extremities and screening for the presence of periph-
eral artery disease and foot deformities. On top of that, other 
patient-related factors, like inappropriate footwear, foot 
hygiene, and preulcerative signs on the foot should be identi-
fied. In the updated consensus document of the International 
Working Group on the Diabetic Foot (IWGDF), a screening 
interval is added to the widely used classification system of 
the key risk factors [8–10].

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 concomitant 
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Table 2.1  The IWGDF 2019 Risk Classification System for preven-
tion screening frequency

Category Characteristics Frequency
0 No peripheral neuropathy Once a year
1 Peripheral neuropathy or peripheral 

arterial disease
Once every 
6–12 months

2 Peripheral neuropathy and peripheral 
arterial disease or
Foot deformity with peripheral 
neuropathy or peripheral arterial disease

Once every 
3–6 months

3 Peripheral neuropathy or peripheral 
arterial disease with
 �� – A history of foot ulcers or
 �� – Lower extremity amputation or
 �� – End-stage renal disease

Once every 
1–3 months

deformity or limited joint mobility yields a 12.1 times greater 
risk. Lastly, a patient with a history of previous ulceration or 
amputation has a 36.4 times greater risk of presenting with 
another ulcer. These risk factors are compared to the catego-
ries in the classification system promoted by the International 
Working Group on the Diabetic Foot [8, 11–13] (Table 2.1) 
and similar classification systems described by Rith-Najarian 
[14] and Armstrong [15]. A comparison was made between 
this system and four other classification tools in a systematic 
review in 2011 [16]. The core values of the stratification sys-
tems were very similar, but the risk groups and number of 
variables that were included varied.

�History of Foot Pathology

A history of foot disease is the strongest predictor of ulcer-
ation and amputation and the least expensive screening 
measure [17–19]. It is the easiest risk group to identify and 
the group most in need of frequent foot assessment, inten-
sive education, therapeutic shoes, padded stockings, and 
rigorous blood glucose control. A current ulcer or a history 
of previous ulceration or amputation heighten the risk for 
further ulceration, infection, and subsequent amputation [8, 
16, 20, 21]. 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 peripheral arterial disease 
(PAD) [22]. The presence of preulcerative lesions, such as 
abundant callus, hemorrhage, or a blister, is a strong deter-
minant of ulcer recurrence, especially in patients with 
recurrence caused by unrecognized repetitive trauma [23].

There are several potential explanations for the 
increased risk. Diabetic patients with a history of ulcer-
ation or amputation have all the risk factors to reulcerate. 

Ulceration and amputation damage the integument and 
alter the biomechanics of the foot. After healing by sec-
ondary intention, the skin and soft tissue are scarred, and 
they may be less resilient and less pliable, so they are more 
prone to injury. In addition, persons with a partial foot 
amputation often develop local foot deformities secondary 
to biomechanical imbalances that may cause further foci 
of pressure and shear [24, 25]. Structural deformities 
increase pressures on the sole of the foot and are associ-
ated with ulceration. A classic example is clawing of the 
lesser toes and subluxation and dislocation of the metatar-
sophalangeal joints. As the toes hammer and the metatar-
sophalangeal joint subluxes/dislocates, the fat pad under 
the ball of the foot is anteriorly displaced. The fat pad ends 
up under the sulcus of the toes. The metatarsal head is 
often driven through the bottom of the foot (Fig. 2.1).

�Peripheral Neuropathy

Neuropathy is a major component of nearly all diabetic 
ulcerations [18, 26, 27]. Consensus statements about neu-
ropathy have used the following definition of diabetic neu-
ropathy: “the presence of symptoms and/or signs of 
peripheral nerve dysfunction in people with diabetes after 
exclusion of other causes” [28]. To help identify people with 
diabetes at risk of foot complications, the term diabetic neu-
ropathy with a loss of protective sensation (LOPS) has been 
used based on screening tools associated with ulceration. 
LOPS describes a level of sensory loss that allows patients to 
injure themselves without recognizing the injury. These 
patients are vulnerable to physical and thermal traumas, 
which increases the risk of foot ulceration twofold [29]. 
Patients with neuropathy often wear a hole in their foot, 
much as a sensate patient might wear a hole in their stocking 
or shoe. One of the misconceptions about neuropathy for 
patients and healthcare providers is that it is an all-or-none 
proposition. Sensory neuropathy runs on a continuum. Often 
people will have no symptoms of neuropathy, yet they have 
enough sensory loss to have a painless foot ulceration.

Screening for neuropathy is noninvasive, fast, and inex-
pensive. Several consensus documents recommend that all 
patients with diabetes should be screened annually for sen-
sory neuropathy [8, 10]. 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 monofilament (MF) nylon wire, or a calibrated vibration 
perception threshold (VPT) meter or by Ipswich touch test or 
a comprehensive physical examination.

L. A. Lavery and M. A. Suludere



13

a b c

Fig. 2.1  Illustration of the normal toe (a), hammer toe (b), and subluxated MTPJ (c)

�History and Symptoms

Patients will often tell the healthcare provider they have sen-
sory neuropathy if you ask them. Patients will often say their 
feet are numb or feel like they are wearing a thick stocking 
when they are barefoot. Patients complain their feet feel cold 
but they are warm to the touch and are otherwise well per-
fused. People complain of burning, electrical and shooting 
pains, and a sensation that feels like insects are crawling on 
their skin. There are several scoring systems to diagnose dia-
betic sensory neuropathy [30]. Armstrong found that a his-
tory of numbness, burning, formication, and tingling was 
effective in identifying people with LOPS [31]. This was an 
abbreviated version of the neuropathy symptom score (NSS).

Clinical assessment can be used to score peripheral neu-
ropathy’s severity to identify high-risk patients. The modi-
fied neuropathy disability score (NDS) is a clinical 
assessment scoring scheme that uses standard clinical tools. 
These include deep tendon reflexes of the Achilles tendons, 
vibration sensation with a 128 Hz tuning fork, pinprick, and 
hot and cold rods. The use of these instruments, combined 
into a disability score, has proven to be predictive of future 
diabetic foot complications [19, 30]. In a population-based 
prospective study, Abbot evaluated 9710 patients with diabe-
tes from six health districts in the United Kingdom. During 
the 2-year follow-up period, there were 291 ulcers. Only 
1.1% of patients with an NDS less than six developed a foot 
ulcer, and 6.3% of patients with an NDS greater than six 
developed an ulcer [19].

�Inspection

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 the hammering 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 neuropathic ulcer-
ation. In the presence of sensory loss, this has been associ-
ated with an increased risk for neuropathic ulceration. 
Similarly, bleeding into a callus is a preulcerous condition 
that is associated with neuropathy. Patients with autonomic 
neuropathy may present with dry skin that is poorly hydrated, 
resulting in cracks and fissures and potential portals of entry 
for bacteria.

�Tuning Fork

The conventional 128 Hz tuning fork is an easy and inexpen-
sive tool to assess vibratory sensation. The test is considered 
positive when the patient loses vibratory sensation while the 
examiner still perceives it [32]. 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. The 
patient is asked if they can feel the vibration. If they feel 
pressure but no vibration, they have a loss of vibration sensa-
tion. In addition, the patient should be able to feel the vibra-
tion for about 20 s. If they cannot feel the vibration for 20 s, 
they have an abnormal vibration sensation.

�Semmes Weinstein Monofilament

The Semmes Weinstein monofilament is one of the most fre-
quently utilized screening tools for identifying the loss of 
protective sensation in the United States [33, 34]. The inabil-
ity to perceive the 10 g Semmes Weinstein monofilament has 
been associated with large-fiber neuropathy [35, 36]. In three 
prospective studies, the 5.07- or 10  g Semmes Weinstein 
monofilament identified persons at increased risk of foot 
ulceration with a sensitivity of 65% to 91%, a specificity of 
36% to 86%, and a positive predictive value of 18% to 39% 
and a negative predictive value of 90% to 95% [18, 35, 36]. 
The Semmes Weinstein monofilament consists of a plastic 
handle supporting a nylon filament. It is portable, inexpen-
sive, and easy to use and provides excellent negative predic-
tive ability for the risk of ulceration and amputation [37].

2  Clinical Examination and Risk Classification of the Diabetic Foot
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There are a number of important concerns regarding the 
Semmes Weinstein monofilament. There is wide variability 
in the accuracy and durability of monofilaments sold in the 
United States. Certain brands of monofilaments are more 
accurate than others [38]. Instruments made in the United 
Kingdom seem to have better initial accuracy and calibration 
[37]. Semmes Weinstein monofilaments experience material 
failure of the nylon monofilament and become less accurate 
with repeated measurements. Therefore, it is important to 
purchase calibrated instruments and replace them on a regu-
lar basis. In a clinical setting, it is best for the evaluator to 
have more than one monofilament available as after numer-
ous uses without a chance to “recover,” the monofilament 
may buckle at a reduced amount of pressure, thus making it 
oversensitive and therefore less accurate [38]. Longevity and 
recovery testing results from an independent study suggest 
that each monofilament, regardless of the brand, will survive 
usage on approximately ten patients before needing a recov-
ery time of 24 h before further use [38, 39]. Furthermore, 
differences in materials used in the manufacturing process 
and environmental factors may also change the characteris-
tics of the monofilament [38, 40].

Testing with the Semmes Weinstein monofilament is 
best performed with the patient sitting or supine in the 
examination chair with both feet level (Figs. 2.2 and 2.3). 
The monofilament 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 [26]. The 
monofilament should be demonstrated on the patient’s hand 
so they can understand the level of pressure provided dur-
ing testing. The patient should close their eyes for the foot 
examination. They should be instructed to say “yes” each 
time that they feel the monofilament and then to identify 
the site where they felt the monofilament. The number of 
sites that should be tested with monofilaments is unclear. 
However, because testing is noninvasive and inexpensive, 
the number of sites should not be a limiting factor in testing 
protocols. Some authorities recommend that measurements 
be taken at each of the ten sites on the foot [41]. These 
include the first, third and fifth digits, plantarly, the first, 
third, and fifth metatarsal heads plantarly, the plantar mid-

foot medially and laterally, the plantar heel, and the distal 
first interspace, dorsally (Fig.  2.3). However, testing just 
four plantar sites on the forefoot (the great toe and the base 
of the first, third, and fifth metatarsals) identifies 90% of 
patients with a loss of protective sensation [42].

�Vibration Perception Threshold (VPT) Testing

A VPT meter is a semi-quantitative tool to assess large fiber 
neuropathy. The VPT meter (also known as the biothesiome-
ter or neurothesiometer) is a handheld device that vibrates at 
100 Hz. An electrical cord to a base unit connects the hand-
held unit. This unit contains a linear scale that displays the 
applied voltage, ranging from 0 to 100 volts (converted from 
microns [43, 44]. 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 determine the vibration perception thresh-
old for each foot. The “loss of protective sensation” with VPT 
has commonly been considered to be about 25 volts. The 
level of vibration perception threshold testing can help pre-

Fig. 2.2  Use of the 10 g 
monofilament 
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Fig. 2.3  Ten sites of the foot to use the 10 g monofilament
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dict ulceration [45]. In a prospective cohort study, Abbott and 
colleagues evaluated 1035 patients with diabetes, no history 
of a foot ulcer, and a VPT greater than 25. During the follow-
up period, the yearly ulcer incidence was 7.2%. For every 
1-volt increase in VPT, there was a 5.6% increase in the risk 
of foot ulceration [46]. VPT testing has been shown to have 
very good sensitivity and specificity.

�The Ipswich Touch Test

Several studies have validated the Ipswich Touch Test (ITT) 
against the other commonly used screening tests [47, 48]. 
Ipswich Touch Test (ITT) involves lightly touching/resting 
the tip of the index finger for 1–2 s on the tips of the first, 
third, and fifth toes and the dorsum of the hallux [49]. A 
direct comparison of the ITT and monofilament testing 
showed an almost perfect agreement, with positive predic-
tive values indicating at-risk feet of ITT 89% and MF 91% 
and negative predictive values of ITT 77% and MF 81%. The 
ITT has also been evaluated to detect reduced foot sensation 
in the setting of the patient’s home [50]. Having a simple 
method to detect a loss of sensation at home might improve 
awareness of foot disease in patients with diabetes and 
empower them to seek appropriate care [51].

�Peripheral Arterial Disease (PAD)

PAD is a central component of diabetic foot ulcers and a risk 
factor for poor healing and proximal limb amputation [52]. 
Assessing PAD is an essential component of classifying 
risks. A history of previous vascular intervention, ulcers/
amputation healing, and palpation of arterial pulses is an 
important component of history and physical examination. 

Several guidelines have suggested that advanced vascular 
testing (ankle systolic pressures, ankle-brachial indices, toe 
systolic pressures, waveforms, skin perfusion pressure, and 
transcutaneous oxygen) should be performed in people with 
foot ulcerations because clinical examination does not 
exclude PAD [9, 53].

�Limited Joint Mobility and Structural 
Deformity

Neuropathy and foot deformity, when combined with repeti-
tive or constant stress, can lead to ulceration. 
Characteristically, the highest plantar pressure is associated 
with the site of ulceration [54–57]. In one study of patients 
with peripheral neuropathy, 28% with high plantar pressure 
developed a foot ulcer during a 2.5-year follow-up com-
pared with none with normal pressure [58].

Clinicians should examine the feet for structural abnor-
malities, including hammer or claw toes, flat 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 contribute to limited joint motion 
in a person with diabetes. Neuropathy can lead to atrophy of 
the intrinsic muscles of the hands and feet, which can cause 
instability at the metatarsophalangeal joint and digits [59]. 
Limitation of motion reduces the foot’s ability to accommo-
date ground-reactive force and, therefore, increases plantar 
pressures [60–62]. Limitation of motion of the first metatar-
sophalangeal joint has been defined as less than 50 degrees 
of passive dorsiflexion of the hallux (Fig. 2.4). Additionally, 
glycosylation may deleteriously affect the resiliency of the 
Achilles tendon, thereby pulling the foot into the equinus 

Fig. 2.4  First metatarsophalangeal joint dorsiflexion evaluation
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Fig. 2.5  Ankle joint dorsiflexion evaluation

and further increasing the risk for both ulceration and 
Charcot arthropathy [63] (Fig. 2.5). In a case-control study, 
plantar and dorsal flexion of the feet of 87 patients with dia-
betes was measured, and the incidence of foot ulcers was 
reported over a follow-up period of 8 years. Diabetes specifi-
cally reduced the plantar flexion in the feet, and patients with 
a history of foot ulceration had significantly lower ankle 
joint mobility [64].

�Diabetic Foot Ulcer Classification

Foot ulcers in patients with diabetes are one of the most com-
mon precursors to lower extremity amputation. Appropriate 
care for diabetic foot ulceration requires a clear, descriptive 
classification system that can be used to direct therapy, com-
municate risk, and possibly predict outcomes. Speaking a 
“common language” when communicating risks in the dia-
betic foot is therefore essential. A classification system, if it 
is to be clinically useful, should be easy to use, reproducible, 
and effective to accurately communicate the status of wounds 
in persons with diabetes mellitus. Several variables could be 
included in such a system, such as faulty wound healing, 
compliance issues, quality of wound granulation tissue, host 
immunity, nutritional status, and comorbidities. However, 
most of these variables are difficult to measure or categorize 
and can complicate a system. In contrast, three relatively 
quantifiable factors associated with poor wound healing and 
amputation include the depth of the wound, the presence of 
infection, and the presence of ischemia.

�Five Essential Questions to Ask when 
Assessing a Diabetic Foot Wound

A classification system has little value if the clinician 
employing it does not approach each wound in a stepwise 
consistent, logical fashion. The questions are directly related 

to how ulcer classification systems are scored. Ulcers should 
be debrided before they are scored unless there is critical 
limb ischemia (see Figs. 2.6 and 2.7). Ulcers are often sur-
rounded by callus, dry skin, and remnants of dressing materi-
als. Likewise, the ulcer bed can be covered by slough and 
devitalized tissue.

	1.	 Is there peripheral arterial disease?
The identification of peripheral arterial disease (PAD) 

is of utmost importance when evaluating a diabetic foot 
ulcer. Ischemic wounds take longer to heal and are more 
likely to result in a proximal amputation compared to neu-
ropathic wounds without PAD [52]. Noninvasive vascular 
studies (systolic ankle pressures and ankle-biracial indi-
ces, toe pressures and toe brachial indices, waveforms, 
skin perfusion pressure, and transcutaneous oxygen mea-
surements) should be obtained in diabetic patients with 
foot wounds because simply palpating peripheral arterial 
pulses is not reliable in identifying PAD [9, 53].

	2.	 Where is the ulcer located?
The location of a wound, its etiology, and treatments 

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., repeti-
tive stress on prominent metatarsal heads during ambula-
tion). The need for more aggressive off-loading is dictated 
by ulcer location.

	3.	 How large is the ulcer?
The size of the wound plays a key role in determining 

the duration of wound healing. Time to heal has been best 
associated with ulcer duration, depth, and wound area 
[65]. Simply measuring the length, width, and depth of 
the ulcer is the easiest and fastest approach. However, 
ulcers are often irregular, and the longest measure for the 
length and widest measure for the width are not reflective 
of wound area changes. Many wound measurement pro-
grams are Health Insurance Portability and Accountability 
Act (HIPPA) compliant and can be used on your cell 
phone or on a tablet. Often these programs measure both 
wound area and volume.

	4.	 How deep is the ulceration? Are there underlying struc-
tures 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. Wounds that penetrate the 
bone are at higher risk of having osteomyelitis [66, 67]. 
Additionally, we have observed that morbid outcomes are 
intimately associated with progressive wound depth. The 
probe-to-bone test (PTB) has been advocated to evaluate 
the involvement of underlying structures (such as cap-
sules, tendons, muscles, and bones). The probe-to-bone 
test is performed by inserting a sterile blunt metallic 
probe into the wound.

L. A. Lavery and M. A. Suludere
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Fig. 2.6  Pre- and postdebridement of a medial ankle wound

Fig. 2.7  Pre- and postdebridement of an ulcer
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The identification of the specific structures that can be 
determined by evaluating a wound with a sterile probe is 
not precise. The agreement between investigators is poor 
[68]. It is difficult for the examiner to determine if they 
feel a bone, joint capsule, or scar. Combining PTB with 
radiographic changes may improve the diagnostic accu-
racy of these tests [69].

	5.	 Is there infection?
The definition of bone and soft tissue infection is not an 

easy one. The diagnosis of infection should be based on 
clinical findings (redness, local warms, swelling, pain, puru-
lence) and not based on wound cultures of ulcers with no 
clinical signs of infections [70, 71]. In contrast, the gold 
standard to diagnose osteomyelitis is bone culture and his-
tology. Infection is one of the most important risk factors for 
foot amputation. Therefore, in an effort to facilitate commu-
nication and affect consistent results, the foot care team 
should agree on criteria for this very important risk factor.

�Ulcer Classifications

Many authors, including Forrest and Gamborg-Nelson 
[72], Pecoraro and Reiber [20], Arlt and Protze [73], and 
Knighton [74], have proposed their own wound classifica-
tions; however, these systems have not gained universal 
acceptance. More recent classification systems that have 
been proposed include the University of Texas (UT) clas-
sification modification [75]; the perfusion, extent, depth, 
infection, and sensation (PEDIS) system by the IWGDF 
[76]; the S(AD) SAD system proposed by Macfarlane 
[77]; and the wound, ischemia, foot infection (WIfI) clas-
sification system. The National Pressure Injury Advisory 
Panel’s (NPIAP’s) pressure injury/ulcer classification sys-
tem has recently been updated. It is important to use con-
sistent language to communicate with other healthcare 
providers. As our population ages, pressure injuries and 
ulcers become more common.

The Society for Vascular Surgery Lower Extremity 
Guidelines developed the WIfI (wound, ischemia, foot infec-
tion) ulcer classification. The WIfI system expanded on the 
criteria described in the UT classification for infection and 
PAD into specific categories [78]. The system has been vali-
dated by several groups [78–80]. The challenge is to balance 
the number of criteria that are included in an ulcer classifica-
tion and how the next level of data affects the outcomes. 
Complex ulcer classifications like WIfI are difficult to use in 
clinical practice because of their complexity.

�Pressure Ulcer Classification

With the aging of the population around the world, there has 
been an increase in pressure injuries and pressure ulcers of 
the feet in people with diabetes. It is tempting to use the 
classification that has been developed for diabetic foot 
ulcers that are not specifically related to pressure injuries. 
However, using the terminology that has been established 
by pressure injury experts improves communication and 
treatments. The National Pressure Injury Advisory Panel 
(NPIAP) published guidelines on the classification and 
treatment of pressure injuries/pressure ulcers. In 2016, the 
classification was changed [81].

The National Pressure Ulcer Advisory Panel (NPUAP) 
decided to replace the term ulceration with injury because 
ulceration did not accurately describe Stage 1 injuries or 
deep tissue injuries. Roman numerals were also changed to 
Arabic numerals for each stage, so Stage IV injuries will 
now be identified as Stage 4 injuries. The classification 
remains a four-level system. The stages of the classification 
are described in Table 2.2. This system is designed so the 
ulcer classification does not change as the ulcer improves. It 
seems counterintuitive because one of the goals of ulcer doc-
umentation is to record the progression of the ulcer (Fig. 2.8). 
This system does not include any designation for infection or 
ischemia.

Table 2.2  Pressure injury staging system

Stage Description
1 The skin is still intact; the ulcer affects the upper layer of the skin. The area affected by pressure is characterized by 

nonblanchable erythema that does not turn white when pressed. Changes in sensation (temperature, pain, itching) or 
hardness of the skin may occur

2 The skin is partially damaged, the epidermis is affected, and the dermis may be affected. It presents as an open wound or as 
a blister filled with fluid. The wound bed is red or pink, and the deeper tissues are not visible

3 The entire thickness of the skin is damaged. Due to the depth of the injury, the adipose tissue is visible, but there are no 
deeper structures to be seen. The wound bed may be fibrinous or necrotic. Infection can be present

4 The entire thickness of the skin and the underlying tissue are damaged. The injury involves deep structures; muscle, bone, 
fascia, tendon, or cartilage may be visible. Fibrinous or necrotic tissue may be present

Unstageable The entire thickness of the skin is damaged; the depth of the injury cannot be determined due to obstruction of the view, 
which may be caused by the fibrinous or necrotic tissue
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