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Abstract
�e diabetic foot interacts with anatomical, vascular, and neurological factors that challenge clinical practice. �is study aimed 
to compile the primary scientific evidence based on a review of the main guidelines, in addition to articles published on the 
Embase, Lilacs, and PubMed platforms. �e European Society of Cardiology system was used to develop recommendation 
classes and levels of evidence. �e themes were divided into six chapters (Chapter 1 - Prevention of foot ulcers in people 
with diabetes; Chapter 2 - Pressure relief from foot ulcers in people with diabetes; Chapter 3 -Classifications of diabetic foot 
ulcers; Chapter 4 - Foot and peripheral artery disease; Chapter 5 - Infection and the diabetic foot; Chapter 6 - Charcot’s 
neuroarthropathy). �is version of the Diabetic Foot Guidelines presents essential recommendations for the prevention, 
diagnosis, treatment, and follow-up of patients with diabetic foot, o�ering an objective guide for medical practice.  
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Resumo
O pé diabético corresponde a uma interação entre fatores anatômicos, vasculares e neurológicos que representam 
um desafio na prática clínica. O objetivo deste trabalho foi compilar as principais evidências científicas com base em 
uma revisão das principais diretrizes, além de artigos publicados nas plataformas Embase, Lilacs e PubMed. O sistema 
da Sociedade Européia de Cardiologia foi utilizado para desenvolver classes de recomendação e níveis de evidência. Os 
temas foram divididos em seis capítulos (Capítulo 1-Prevenção de úlceras nos pés de pessoas com diabetes; Capítulo 
2-Alívio da pressão de úlceras nos pés de pessoas com diabetes; Capítulo 3-Classificações das úlceras do pé diabético; 
Capítulo 4-Pé diabético e a doença arterial periférica; Capítulo 5-Infecção e o pé diabético; Capítulo 6-Neuroartropatia 
de Charcot). A versão atual das Diretrizes sobre pé diabético apresenta importantes recomendações para prevenção, 
diagnóstico, tratamento e seguimento dos pacientes com pé diabético, oferecendo um guia objetivo para prática médica.  
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INTRODUCTION

Guidelines, an organized collection of medical 

information on a topic that is derived from quality 

scientific evidence, help doctors with diagnostic, 
therapeutic, and monitoring decisions for their 

patients.1 Understanding that such information 

requires constant updating to maintain its relevance 

and safety for specialists, in 2023 the Brazilian 

Society of Angiology and Vascular Surgery updated 

and incorporated new guidelines into its library. 

The objective is to provide a tool to assist in clinical 

decisions while preserving the doctor’s autonomy, 

as provided for in the Federal Council of Medicine’s 

Code of Medical Ethics.2

It is estimated that 415 million adults aged 20 to 

79 years had diabetes mellitus (DM) worldwide 

in 2015, approximately 46.5% of whom lived in 

3 countries: China (109 million), India (69 million) 

and the USA (29 million).3 Another 10-20 million 

lived in Brazil, Russia, and Mexico.3 According to 

International Diabetes Federation estimates, 9.1-

26.1 million people with DM will develop diabetic 

foot ulcers (DFU) each year.4 Approximately 34% 

of people with DM will develop DFU at some point 

in their lives,4 with an annual risk of 2.5%-42% 

within 5 years.5 In addition to functional impairment 

and reduced quality of life, approximately 20% of 

patients with foot injuries will not heal 1 year after 

diagnosis,6 and the recurrence rate during this period 

is approximately 40%.4

Having 13 million people diagnosed with DM, 

Brazil ranks fourth in worldwide prevalence 

and first in South America (Figure 1).3,7 Santos 

et al.8 analyzed diabetic foot complications in 

27 Brazilian state capitals over a 10-year period 

(2008-2018), recording 45,095 complications. There 

was also a significant increase in complications 
between 2008 (5.68/100,000 inhabitants) and 

2018 (17.68/100,000 inhabitants).

BRAZUPA, a cross-sectional study evaluating 

1455 patients at 19 Brazilian centers, focused on risk 

factors for ulcers and amputation in patients with 

DM. Alarmingly, the mean age of the population 

with a limb at risk (57 years) was younger than that 

of either Western Europe or North America. Of the 

included patients, 18.6% had an active ulcer, 25.3% 

had a previous ulcer, and 13.7% had undergone an 

amputation.9

Diabetic foot corresponds to an interaction between 

anatomical, vascular (macro- and microangiopathy) 

and neurological factors, representing a complex 

challenge in the daily practice of vascular surgeons.3,10

OBJECTIVES

This study compiles scientific evidence by reviewing 
the main guidelines and relevant articles, presenting 

important recommendations for the prevention, 

diagnosis, treatment, and follow-up of patients with 

diabetic foot and o൵ering objective guidelines for 
medical practice.

METHODOLOGY

Previously published guidelines were critically 

synthesized and the most relevant articles in the 

Embase, Lilacs, PubMed/MEDLINE, and Cochrane 

platforms were reviewed, which added important 

information for decision-making and recommendations. 

The main revised guidelines were: The management 

of diabetic foot: A clinical practice guideline by the 

Society for Vascular Surgery in collaboration with 

the American Podiatric Medical Association and the 

Society for Vascular Medicine (2016),11 Best practice 

recommendations for the Prevention and Management 

of Diabetic Foot Ulcers (2017),12 Practical Guidelines 

on the prevention and management of diabetic foot 

disease (2019),13 Global vascular guidelines on the 

management of chronic limb-threatening ischemia 

(2019),14 and Australian evidence-based guidelines 

for diabetes-related foot disease (2022).15

Only reviewed publications were included, following 

the “pyramid of evidence” principle (Tables 1 and 2). 

Figure 1. Estimated total number of adults (20-79 years) living 
with diabetes mellitus in South America.3
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Multiple randomized clinical trials or meta-analyses of 

multiple randomized clinical trials were at the top of 

the pyramid, followed by single randomized clinical 

trials or large non-randomized studies (including 

meta-analyses of large cohorts), meta-analyses of small 

non-randomized studies, observational studies, and case 

series. Expert opinion was at the base of the pyramid, 

and case reports and summaries were excluded.

The European Society of Cardiology system was 

used to develop recommendation classes and levels of 

evidence.16 Strength (class) is graded from I to III, with 

I being the strongest (Table 1). Recommendations were 

developed by the authors assigned to each section, and 

all members approved the text and final classifications.
The main themes were divided into 6 chapters:

Chapter 1 -	 Preventing foot ulcers in people 

with diabetes;

Chapter 2 -	 Relieving pressure on foot ulcers in 

people with diabetes;

Chapter 3 -	 Classifying diabetic foot ulcers;

Chapter 4 -	 The diabetic foot and peripheral 

arterial disease;

Chapter 5 -	 Infection and the diabetic foot;

Chapter 6 -	 Charcot neuroarthropathy.

CHAPTER 1. PREVENTING FOOT ULCERS IN 

PEOPLE WITH DIABETES

Introduction

Diabetic foot is among the most serious complications 

of DM. It is a source of great su൵ering and financial 

cost, in addition to a considerable burden on the 

patient’s family, health care professionals and 

facilities, and society in general.13 It is estimated 

that in 2015 approximately USD 673 billion (12% 

of global health expenditure) was spent on treating 

DM and its complications.3

The frequency of amputation is much higher among 

people with diabetes than those without it.17 This is 

especially true in developed countries such as Canada, 

where adults with diabetes are 20 times more likely 

to be hospitalized for non-traumatic lower limb 

amputation than adults without diabetes.18 Preventive 

measures, foot care education, and early aggressive 

intervention are important components of diabetes 

treatment.

Pathophysiology

Although the prevalence and spectrum of the 

diabetic foot vary in di൵erent regions of the world, 
the pathways of ulceration are similar in most 

patients. Peripheral neuropathy and peripheral arterial 

disease (PAD) often play a central role in diabetic 

foot complications, while infection often arises as a 

secondary phenomenon. However, all 3 components 

often have a synergistic role in the etiological triad. 

Peripheral neuropathy occurs in approximately 50% 

of diabetic patients, who often gradually develop 

“high pressure” zones in the foot that lead to loss of 

protective sensation (LPS), which is considered the 

main cause of DFU.19,20

In people with neuropathy, minor trauma (eg, 

improperly fitting shoes or acute mechanical or 
thermal injury) may precipitate foot ulceration. 

LPS, acquired foot deformities, and limited joint 

mobility can result in abnormal biomechanical 

Table 1. Recommendation classes according to the European Society of Cardiology system.16

Recommendation class Definition Suggestions for use

Class I Evidence and/or general acceptance that the treatment or procedure is beneficial, 
e�ective and applicable.

Recommended/ 
indicated.

Class II Conflict of evidence and/or di�ering opinions on the applicability/e�cacy of the 
treatment or procedure.

Class IIa Relevant evidence is in favor of applicability/e�ectiveness. Should be considered.

Class IIb Applicability/e�cacy is less established by evidence/opinion. Can be considered.

Class III
Evidence and/or general acceptance that the treatment or procedure is not e�ec-
tive/applicable and may cause harm in certain cases.

Not recommended.

Table 2. Levels of evidence according to the European Society of Cardiology system.16

Levels of evidence

Level A Multiple randomized controlled trials or meta-analyses of randomized controlled trials.

Level B Single randomized clinical trial or large non-randomized studies.

Level C Expert opinion and/or small, retrospective studies or registries.
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loading on the foot. High mechanical stress in certain 

areas can lead to callus formation. The callus then 

leads to a further load increase on the foot, usually 

followed by subcutaneous hemorrhaging and, 

occasionally, skin ulceration. Finally, regardless 

of the primary cause of ulceration, continuing to 

walk with an insensitive foot impairs healing.13,21 

People with diabetes are also more susceptible to 

infections due to neuropathy, PAD, microcirculation 

dysfunction, and immunopathy.19 Figure 2 shows 

DFU resulting from biomechanical alterations to the 

foot, including callus formation and progression to 

ulcer and infection.

There are 5 pillars to DFU prevention (Figure 3):

1.	 identifying the foot at risk;

2.	 regularly inspecting and examining the foot at 

risk;

3.	 educating patients, their families, and health 

care professionals;

4.	 ensuring the routine use of appropriate footwear;

5.	 treating risk factors for ulceration.

1. Identifying the foot at risk

A lack of symptoms in people with diabetes 

does not exclude the disease; they may present 

asymptomatic neuropathy, PAD, pre-ulcerative signs, 

or an ulcer.13,22 A thorough examination of the feet 

is important for early disease detection. Screening 

for peripheral neuropathy and PAD can help identify 

patients at risk of foot ulcers (recommendation 

class I, level of evidence B). A history of ulcers or 

amputation and poor glycemic control increase the 

risk.23,24 Periodic reassessments are recommended 

for at-risk patients according to the risk stratification 
shown in Table 3 (recommendation class I, level of 

evidence C).

2. Regularly inspecting and examining the foot 
at risk

The foot should be examined at each follow-up 

visit for active disease (ulceration or gangrene) 

(Figure 4A), as well as for lesions that increase 

the risk of ulceration, such as fungal infection, 

skin cracks and fissures, deformed nails, skin 
maceration, calluses and deformities (hammer 

toe, claw toe, and pes cavus) (Figure 4B and 4C) 

(recommendation class I, level of evidence B). 

Cold limb temperature may suggest ischemia, 

whereas Àushing, increased warmth, or swelling 
may suggest inÀammation, such as acute Charcot 
foot or cellulitis.23,24

Current American Diabetes Association and Canadian 

Diabetes Association guidelines recommend screening 

for diabetic neuropathy in all patients upon diagnosis 

of type 2 DM and after 5 years in patients with type 

1 DM.25 Subsequent reevaluation should follow the 

International Working Group on the Diabetic Foot 

(IWGDF) risk stratification system.22

Risk stratification IWGDF 0

Patients should be assessed annually to identify 

risk factors for ulceration, such as PAD and 

neuropathy.21,22 Chart 1 outlines basic clinical examination 

of these patients. In general, LPS is caused by diabetic 

neuropathy. If detected, it is generally necessary to 

obtain more information about the history of the 

disease and conduct additional tests regarding its 

causes and consequences (recommendation class I, 

level of evidence B).

Figure 2. Plantar perforation due to mechanical stress.

Figure 3. �e pillars of diabetic foot ulcer prevention.22
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Risk stratification IWGDF ≥ 1

A more comprehensive examination must be 

performed in patients with PAD, LPS, deformities, a 

history of ulcer or amputation, or end-stage chronic 

kidney disease, as shown in Chart 2 (recommendation 

class I, level of evidence B).

3. Educating patients, their families, and health 
care professionals

Due to the lack of standardization and high 

heterogeneity of studies on self-care in foot ulcer 

prevention, no high-quality evidence on the e൵ect 
of such interventions is available. However, they 

allow a person to detect the first signs of DFU, thus 
contributing to basic foot hygiene.26

Home monitoring of plantar foot temperature 

once a day with an infrared thermometer can be 

considered a preventive intervention, especially when 

high temperatures are observed for 2 consecutive 

days (recommendation class IIb, level of evidence 

B).27-29 However, despite its easy applicability, the 

results may unnecessarily worry people and lower their 

confidence, and calibrated equipment is required.27-29

Pre-ulcerative signs, such as blisters, fissures, 
or calluses with subcutaneous hemorrhaging, 

ingrown toenails, or onychomycosis appear to be 

strong predictors of foot ulceration.30 A health care 

professional should remove abundant calluses, 

protect blisters (draining them when necessary), 

and treat fissures, ingrown toenails, and fungal 

Table 3. IWGDF 2019 foot risk stratification and follow-up schedule.

Category Risk of ulceration Characteristics Frequency

0 Very low No LPS or PAD Once per year

1 Low LPS or PAD Once every 6-12 months

2 Moderate LPS + PAD or Once every 3-6 months

LPS + foot deformity or PAD + foot deformity

3 High LPS or PAD and: Once every 1-3 months

History of foot ulcer

Previous amputation

Terminal CKD

LPS: loss of protective sensitivity; PAD: peripheral arterial disease; CKD: chronic kidney disease.
Source: Bus et al.22

Figure 4. Examination findings in the diabetic foot. (A) History of previous amputation and hammer toes; (B) Plantar arch loss; 
(C) Calluses and ulcer.

Chart 1. Annual baseline assessment of very low risk patients (IWGDF 0).

Ø History:

• Previous ulcer/amputation; intermittent lameness/pain at rest.

Ø Vascular examination:

• Pulse palpation (pedis and posterior tibial).

Ø Neurological examination:

• Pressure perception (10 g monofilament);

• Vibration perception (128 Hz tuning fork);

Tactile sensitivity test (light touch for 1-2 seconds with the examiner’s index finger on the tips of the toes).

IWGDF: International Working Group on the Diabetic Foot. 
Source: Bus et al.22
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infections (recommendation class I, level of evidence 

C).31,32 Flexor tenotomy may be considered for 

patients with an ulcer or pre-ulcerative sign in the 

toe who do not respond to conservative treatment 

and who require normalization of the foot structure 

to prevent ulceration (recommendation class IIb, 

level of evidence C).33,34 Because these treatments 

may cause harm when performed inappropriately, 

they should only be performed by professional, 

adequately trained health care providers.31,32

Chart 3 lists the main care recommendations for 

patients with diabetic foot.22

4. Ensuring the use of appropriate footwear

All of the patient’s footwear must be clinically 

assessed for the following characteristics:12

-	 fit: the toe space must be large enough to avoid 
pressure and the heel must be firm, but not too 
tight;

Chart 2. Assessment of patients at higher risk (IWGDF ≥ 1).

Ø Anamnesis:

• Previous ulcer/amputation;

• End-stage kidney disease;

• Previous foot education/knowledge of foot care;

• Biopsyocosocial conditions;

• Access to the health system;

• Physical limitations that can impede self-care (visual acuity, obesity);

• Poor foot hygiene, for example, improper toenail trimming, dirty feet, fungal infection; dirty socks;

• Intermittent and resting claudication;

• Changes in sensitivity (allodynia, hyperalgesia, paresthesias).

Ø Footwear type.

Ø Vascular examination:

• Foot pulse palpation (pedis and posterior tibial).

Ø Integumentary examination:

• Skin color, temperature, presence of callus or edema, pre-ulcerative signs.

Ø Bone/joint examination:

• Deformities (claw or hammer toes);

• Abnormally large bony prominences;

• Limited joint mobility.

Ø Neurological examination:

• Pressure perception: 10 g Semmes-Weinstein monofilament;

• Vibration perception: 128 Hz tuning fork;

• Tactile sensation test: with the index finger, lightly touch the tips of the toes for 1-2 seconds.

IWGDF: International Working Group on the Diabetic Foot.
Source: Bus et al.22

Chart 3. Main recommendations for patients with diabetic foot ulcers.

Education for patients, families, and health care professionals

Balanced diet, rich in fiber, low in saturated fats and sugars.

Appropriate nail trimming (straight; avoid removing cuticles).

Avoid walking barefoot or wearing inappropriate shoes.

Daily assessment of the feet (family help is necessary for cases of visual impairment or disability).

Wash feet daily (water temperature < 37 °C), drying carefully between the toes.

Moisturize feet well (not between the toes).

To avoid burning the feet, do not use hot water bottles.

Do not attempt to remove calluses.

Have feet regularly evaluated by health care professionals.

Notify health care professionals if there are blisters, cuts, scrapes, ulcerations, or temperature increases.

Routinely consult an ophthalmologist, nutritionist, and an endocrinologist.

Adopt safety measures to control falls and mitigate risks inherent to proprioception changes.

Source: Bus et al.22
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-	 structure: shoes must have laces/Velcro fasteners; 

they must not have seams or structures that could 

result in friction or pressure;

-	 cushioning;

-	 general characteristics: shoes must be made of 

breathable materials, such as leather, to allow 

moisture to dissipate;

-	 movement control: shoes must limit excessive 

pronation (everted foot and arch Àattening);

-	 other: clinicians must confirm that there are no 
foreign objects inside the shoe;

-	 never use footwear that has previously caused 

ulceration.

The footwear of people at moderate or high risk of 

ulceration (IWGDF risk 2-3) must be adjusted to protect 

and accommodate the shape of the toes, including 

adequate length, width, and depth. This may require 

custom-made shoes, insoles, or orthotics to reduce 

the risk of ulceration or recurrence (recommendation 

class I, level of evidence B).35-37

The benefit of continuously using custom molded 
shoes or insoles with proven pressure relief outweigh the 

potential harm.38,39 However, footwear with inadequate 

length or width increases the risk of ulceration, so a 

proper fit must be ensured.18The characteristics of suitable 

footwear are summarized in Figure 5. A risk stratification 
protocol for footwear selection is shown in Chart 4.

5. Treating risk factors for ulceration

Any modifiable risk factor or pre-ulcerative 
sign must be treated. Treatment must be repeated 

until these anomalies disappear and do not recur. 

In patients who have recurrent ulcers due to foot 

deformities despite adhering to the above mentioned 

preventive measures, surgical intervention should be 

considered.22 Chart 5 summarizes the main measures for 

controlling the risk of ulceration. Table 4 summarizes 

the main recommendations from the latest IWGDF 

consensus.22

CHAPTER 2. RELIEVING PRESSURE ON FOOT 

ULCERS IN PEOPLE WITH DIABETES

Pressure relief can be achieved with temporary 

footwear until the ulcer heals and the foot tissues 

stabilize. Removable or non-removable pressure 

relief boots can e൵ectively reduce pressure on ulcers 
in the plantar surface.20,49,50

Although pressure relief casts e൵ectively support 
the healing of non-infected nonischemic neuropathic 

plantar ulcers, it is necessary to carefully select patients 

and personnel with specialized training to minimize 

the risk of iatrogenic complications.51

When a bony deformity of the foot prevents 

the use of appropriate footwear or relief of 

Chart 4. Risk stratification for footwear selection.

IWGDF 0 Appropriate footwear: ready for use o� the rack.

IWGDF 1-3 Appropriate footwear: custom made or selected.

IWGDF: International Working Group on the Diabetic Foot.
Source: Bus et al.22

Chart 5. Summary of measures to control the risk of ulceration.

Measures to control the risk of ulceration

Treat excess calluses.

Protect or adequately drain blisters if necessary.

Adequately treat onychodystrophy and onychomycosis.

Perform surgeries to restructure foot biomechanics, especially if there are recurrent ulcerations.

Notify health care professionals if there are blisters, cuts, scrapes, ulcerations, or temperature increases.

Routinely consult an ophthalmologist, nutritionist, and endocrinologist.

Adopt safety measures to control falls and mitigate risks inherent to proprioception changes.

Source: Bus et al.22

Figure 5. Features of suitable footwear.22
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pressure-related ulcers, consultation with a foot 

and ankle surgeon may be considered to evaluate 

and treat the deformity.52,53 Flowchart 1 summarizes 

pressure relief treatment. Table 5 summarizes the 

main recommendations from the latest IWGDF 

consensus.13

Table 4. Recommendations of the International Working Group on the Diabetic Foot (IWGDF), 2019.

Recommendations
Recommendation class and level 

of evidence

1. Examine a person with diabetes at very low risk for foot ulceration annually (IWGDF risk 0) for 
signs or symptoms of loss of protective sensation and peripheral arterial disease to determine whe-
ther they are at increased risk for foot ulceration.

Class I/level of evidence B.23

2. Screen a person with diabetes at risk of foot ulceration (IWGDF risk 1-3) for: history of foot ulce-
ration or lower limb amputation, diagnosis of end-stage kidney disease, presence or progression of 
foot deformity, limited joint mobility, abundant callus, and any pre-ulcerative sign on the foot.

Class I/level of evidence B.23

3. Repeat screening once every 6-12 months for those classified as IWGDF risk 1, once every 3-6 
months for those classified as IWGDF risk 2, and once every 1-3 months for those classified as 
IWGDF risk 3.

Class I/level of evidence C.22

4. Instruct diabetic patients at risk of foot ulceration (IWGDF risk 1-3) to protect their feet by avoi-
ding walking shoeless or in flip-flops, whether indoors or outdoors. Educate them and encourage 
self-care.

Class I/level of evidence C.12

5. Instruct/encourage/remind diabetic patients at risk of ulceration (IWGDF risk 1-3) to: inspect 
the entire surface of both feet and inside the shoes to be worn daily; wash their feet daily (carefully 
drying them, especially between the toes); use moisturizers to hydrate dry skin; cut their toenails 
straight; and avoid using chemical agents, plasters, or any other technique to remove corns or 
calluses.

Class I/level of evidence B.26

6. Consider instructing diabetic patients at moderate or high risk of foot ulceration (IWGDF risk 2-3) 
to self-monitor foot skin temperature once a day to identify early signs of inflammation and help 
prevent ulceration. If the temperature di�erence is above the threshold for similar regions on both 
feet on 2 consecutive days, instruct the patient to walk less and consult a health care professional.

Class IIb/level of evidence B.27-29

7. To reduce plantar pressure and avoid foot ulceration, instruct diabetic patients at moderate risk 
for foot ulceration (IWGDF risk 2) or with a healed non-plantar ulcer (IWGDF risk 3) to wear thera-
peutic footwear that conforms to the shape of the foot and fits properly. When a foot deformity or 
pre-ulcerative sign is present, consider prescribing custom-made shoes, insoles, or toe orthotics.

Class I/level of evidence B.35,36

7. Consider prescribing orthopedic interventions, such as silicone toe orthoses or (semi-)rigid ortho-
pedic devices, to help reduce heavy calluses in diabetic patients at risk of foot ulceration (IWGDF 
risk 1-3).

Class IIa/level of evidence B.37

8. For diabetic patients with a healed plantar ulcer (IWGDF risk 3), prescribe therapeutic footwear 
with proven e�ects on weight-bearing during walking to help prevent a recurrent plantar foot ulcer; 
encourage patients to wear these shoes at all times.

Class I/level of evidence B.38,39

9. Provide appropriate treatment for any pre-ulcerative signs or profuse calluses on the foot, 
ingrown toenails, or fungal infections to help prevent a foot ulcer in diabetic patients at risk of foot 
ulceration (IWGDF risk 1-3).

Class I/level of evidence C.31,32

10. Consider digital flexor tendon tenotomy to prevent ulceration in diabetic patients with a profuse 
callus or ulcer on the top or distal region of a nonrigid hammertoe that has not healed with nonsur-
gical treatment.

Class IIb/level of evidence C.33,34

11. In diabetic patients with a forefoot plantar ulcer that has not healed with nonsurgical treatment, 
consider Achilles tendon lengthening, joint arthroplasty, uni- or panresection of the metatarsal 
heads, metatarsophalangeal joint arthroplasty, or osteotomy to help prevent forefoot plantar ulcer 
recurrence once the active ulcer has healed.

Class IIb/level of evidence C.40-42

12. To help prevent a foot ulcer in diabetic patients at moderate or high risk of foot ulceration (IWG-
DF risk 2-3) who have neuropathic pain, nerve decompression is not suggested as a replacement for 
standard care.

Class III/level of evidence C.22

13. Consider advising diabetic patients at low or moderate risk of foot ulceration (IWGDF risk 1 or 
2) to perform foot mobility exercises to reduce ulceration risk factors, ie, decreasing plantar pressure 
and increasing the foot and ankle’s range of motion to improve neuropathy symptoms.

Class IIa/level of evidence B.43-46

14. Advise diabetic patients (IWGDF risk 1 or 2) to get daily exercise, such as walking (ie, 1000 extra 
steps/day). Advise them to wear appropriate footwear when performing load-bearing activities and 
monitor the skin frequently for pre-ulcerative signs or skin breakdown.

Class IIb/level of evidence B.47,48

Adapted from Bus et al.22
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Table 5. Main recommendations from the latest consensus of the International Working Group on the Diabetic Foot.

Recommendations
Recommendation class and level of 

evidence

1. For neuropathic plantar ulcers of the forefoot or midfoot, use a knee-high non-removable 
pressure relief device (full cast or weight-bearing walking boot with added plaster or an adhesive 
bandage around the boot) with a foot interface as the first choice for pressure relief treatment. 
Non-removable weight-bearing devices help heal diabetic foot ulcers by redistributing pressure in 
the foot and lower leg and through forced adherence.

Class I/level of evidence A.51,54-58

2. For neuropathic forefoot/midfoot ulcers, use a full cast, or a removable weight-bearing walking 
boot that has been made non-removable; the choice will depend on available resources, the skills 
of the involved technicians, patient preference, and the extent of the foot deformity.

Class I/level of evidence A.51,55,59

3. For neuropathic plantar ulcers in the forefoot or midfoot in which a non-removable knee-high 
pressure relief device is contraindicated or not tolerated, consider using a removable knee-high 
weight-bearing walking boot with a foot interface device as a second choice for pressure relief 
treatment.

Class IIb/level of evidence B.60,61

4. For neuropathic plantar ulcers in the forefoot or midfoot where a knee-high weight-bearing boot 
is contraindicated or not tolerated, use a removable ankle-high pressure relief device as a third 
treatment option.

Class IIa/level of evidence C.62-66

5. For neuropathic plantar ulcers in the forefoot or midfoot, instruct patients not to use prefabri-
cated therapeutic footwear or conventional footwear as a pressure relief treatment unless none of 
the above mentioned devices are available.

Class IIb / level of evidence B.55,66-68

6. In item 5, consider using properly fitted felted foam in combination with therapeutic footwear or 
conventional footwear as a fourth option for pressure relief.

Class IIb/level of evidence C.69-71

7. For neuropathic plantar ulcers of the forefoot or midfoot with mild infection or ischemia, consi-
der using a knee-high non-removable pressure relief device.

Class IIb / level of evidence C.55,72,73

8. For neuropathic plantar ulcers of the forefoot or midfoot with mild or moderate infection and 
ischemia, consider using a removable knee-high pressure relief device.

Class IIb/level of evidence C.73

9. For neuropathic plantar ulcers in the forefoot or midfoot with moderate or severe infection or 
ischemia, primarily address the infection and/or ischemia and consider using a removable pressure 
relief device that improves patient functionality.

Class IIb/level of evidence C.55,72,73

10. For neuropathic heel ulcers, consider using a knee pressure relief device or other intervention 
that e�ectively reduces plantar heel pressure and can be tolerated by the patient.

Class IIa/level of evidence B.74,75

11. For non-plantar ulcers, use a removable ankle pressure relief device, shoe modifications, toe 
spacers, or orthotics, depending on the type and location of the ulcer.

Class I/level of evidence B.74

Adapted from Schaper et al.13

Flowchart 1. Practical summary of pressure relief measures.
Source: Schaper et al.13
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CHAPTER 3. CLASSIFYING DIABETIC FOOT 

ULCERS

Introduction

Due to the complexity of factors involved in 

DFU, there is still no classification system for 
routine clinical use that encompasses the diverse 

populations the world.13,76 In a review, Monteiro-

Soares  et  al.76 found 37 classifications for DFU. 
In part, this wide variety is due to di൵erent purposes, 
eg, clinical care, research, and auditing. Clinical 

care, which concerns limbs and injuries in individual 

patients, aims to standardize communication between 

health professionals, establish prognosis, and guide 

therapeutic approaches. Research and auditing, 

however, are concerned with limbs and injuries 

in groups of patients.13,76,77 Currently, there is no 

classification/scoring system for analyzing individual 
prognosis in people with DFU.13

Clinical practice

A consensus classification, scoring system, and 
description of foot injuries in routine clinical practice 

would facilitate decision-making and communication 

between professionals.77 Descriptive classifications 
separate patients into groups but do not necessarily 

establish prognoses. Scoring systems assign scores 

to the factors involved in the disease and generally 

serve to estimate severity and adverse outcomes.13,77

The system used in routine clinical practice, including 

communication between multidisciplinary health 

teams, must be simple enough to easily memorize 

and apply, and it should not require any specialized 

equipment.13,77 The IWGDF recommends the Site, 

Ischemia, Neuropathy, Bacterial Infection, and Depth 

(SINBAD) system (recommendation class I, level of 

evidence B).13

There are only 2 classification systems to aid clinical 
decision making: IWGDF/IDSA and the Wound, 

Ischemia, and foot Infection (WIfI) system. Current 

guidelines recommend WIfI, although the IWGDF/

IDSA can be used alone if the equipment required 

for the WIfI system is unavailable (recommendation 

class IIb, level of evidence B).13,14,77

Clinical research

The purpose of a classification system is to identify 
clinical characteristics for the inclusion or exclusion 

of patients in studies. Because this is usually done 

on an experimental basis, only participating centers 

must agree on the criteria and descriptions.77 The 

Perfusion, Extent, Depth, Infection and Sensation 

(PEDIS) classification system has refined definitions 
for prospective research projects, emphasizing 

reliance on 5 specified criteria: area; depth; infection; 
neuropathy; and ischemia.77

Clinical auditing

The reasons for auditing can range from a 

simple description of patient numbers to a search 

for associations between diseases and outcomes to 

comparative results between di൵erent institutions. 
These comparisons are essential for optimized 

clinical management. Because the groups studied 

in each case can be large, any classification or 
scoring system must be simple, unambiguous, 

easily understood, clearly documented without 

expensive equipment, and accurate enough to 

be meaningful.77 SINBAD is currently the best 

validated system for auditing and is recommended 

by the IWGDF (recommendation class IIa, level 

of evidence C).13,77 Flowchart 2 summarizes DFU 

classifications according to study objectives.

Flowchart 2. Classificações das DFU conforme o objetivo a ser estudado. DFU: diabetic foot ulcer; IWGDF: International Working 
Group on the Diabetic Foot; IDSA: Infectious Diseases Society of America; SINBAD: Site, Ischemia, Neuropathy, Bacterial Infection, 
and Depth; WIfI: wound, ischemia, and foot infection classification system.
Source: Game77 and Schaper et al.13
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Rating systems

SINBAD classification

The SINBAD system (described in Table  6) is 

simple, quick, and easy to use, requiring no specialized 

equipment other than clinical examination, and 

contains the necessary information to allow screening 

by a specialized team. The total score is obtained by 

summing the points for all important ulcer-related 

data (scored as 0 or 1). The 6 DFU domains are: 

area, depth, presence of sepsis, PAD, denervation, 

and location. Total scores can reach 6 points. This 

system has been validated for predicting ulcer healing 

and amputations.78-80 SINBAD is the most widely 

validated system in di൵erent research contexts and 
has broadly consistent results.13

Infectious Diseases Society of America 
classification

The Infectious Diseases Society of America (IDSA) 

guidelines were developed for scientific purposes as 

part of the PEDIS classification system and to identify 
patients in need of hospital admission for antibiotic 

therapy. They were later validated for assessing the 

risk of major and minor amputation. The IDSA system 

consists of 4 severity levels for DFU and infection, 

as shown in Table 7.13

WIfI System

Published in 2014, the WIfI (wound, ischemia, and 

foot infection) system was designed to classify at-risk 

limbs. It stratifies the risk of major amputation within 
1 year and predicts whether revascularization will be 

necessary for wound healing and limb salvage.81 The 

Global Vascular Guidelines, published in 2019, 

recommend using the WIfI classification analogously 
to the Malignant Tumor Classification system for 
cancer staging to analyze the at-risk limb.14 It is 

the classification of choice for patients with DFU 
according to the latest IWGDF guidelines, which 

were also published in 2019.13 WIfI has been validated 

on several continents, including in specific groups 
with DFU.82-84 It has been used in large multicenter 

trials, such as BEST-CLI, BEST-CLI2, BASIL-2, 

and BASIL-3, and has high levels of interobserver 

and intraobserver reproducibility.85

The system’s purpose is to provide a more 

accurate description of the main factors that lead 

to non-healing and limb loss, as well as to assist in 

decision-making in clinical practice.76 WIfI does not 

require quantifying the wound area or determining 

the presence of neuropathy, but specific equipment is 
needed to measure pressures and ischemic indices.76,77

The system consists of 3 components: wound 

extent, the presence of ischemia, and the degree 

of foot infection. Wound extent is evaluated using 

improved criteria from the University of Texas 

classification, which, depending on the degree, also 
correlates with the expected type of surgery. The foot 

infection classification system, which is the same 
as that used by the IDSA, predicts amputation risk 

and has been validated for DFUs. The degree of 

Table 6. SINBAD classification system.

Category Definition Score

1. Local Forefoot 0

Midfoot or rearfoot 1

2. Ischemia Preserved flow 0

Missing flow 1

3. Neuropathy Preserved protective sensitivity 0

Absent protective sensitivity 1

4. Infection Absent 0

Present 1

5. Area Ulcer < 1 cm2 0

Ulcer ≥1 cm2 1

6. Depth Skin and subcutaneous involvement 0

Muscle, tendon, or deeper invol-
vement

1

Maximum score 6

Adapted from Schaper et al.13

Table 7. Infectious Diseases Society of America classification system.

Clinical picture PEDIS score Infection severity

Ulcer without exudate or inflammation. 1 Not infected

At least 2 manifestations of inflammation (exudate or erythema, mild pain, heat or induration), 
cellulitis/erythema extends around the ulcer and the infection is limited to the skin or subcuta-
neous tissue; no other local complications or systemic disease.

2 Light

Signs of infection (as above) in metabolically stable patients without toxemia who have ≥ 1 of the 
following features: cellulitis extending > 2 cm, disseminated lymphangitic streaking beneath the 
superficial fascia, deep tissue abscess, gangrene, and involvement of muscle, tendon, joint, or bone.

3 Moderate

Infection in patients with toxemia or metabolic instability (eg, fever, chills, tachycardia, hypoten-
sion, confusion, vomiting, leukocytosis, acidosis, severe hyperglycemia, or azotemia).

4 Severe

Adapted from Schaper et al.13
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ischemia is determined using pressures and indices 

to objectively assess foot perfusion and healing 

potential without revascularization.80 Through a 

Delphi consensus, the Society for Vascular Surgery 

committee responsible for the Global Vascular 

Guidelines on the Management of Chronic Limb-

threatening Ischemia created a score for foot wounds, 

ischemia, and infection in relation to the 1-year risk of 

limb amputation (very low, low, moderate, or high), 

assigning a risk of intervention for each possible 

combinations of scores.14,76 Tables 8, 9 and 10 detail 

the WIfI classification system.

PEDIS classification

PEDIS was developed as a descriptive classification 
system for research, aiming to define DFU and 
facilitate communication between health services – 

but not for prognostic purposes. It does not include 

patient characteristics or the location or number of 

ulcers. Although mainly designed for research, its 

use in clinical practice and auditing is not ruled out. 

PEDIS classifies diabetic foot ulcers into 5 categories 
of impairment: perfusion, extension, tissue depth/loss, 

infection, and sensitivity (described in Table 11).76,77

Table  12 summarizes the recommendations of 

international guidelines about the use of classification 
systems.

CHAPTER 4. THE DIABETIC FOOT AND 

PERIPHERAL ARTERIAL DISEASE

Introduction

Diabetes is a strong risk factor for PAD, including 

the development of more di൵use, multisegmental, 

and predominantly distal arterial disease. These 

factors increase the complexity of treatment and are 

associated with a worse prognosis.93

Epidemiology

PAD is highly prevalent in diabetic patients, 

affecting approximately 25% of those aged > 

60 years.94 Stoberock et al.95  found that the prevalence 

of PAD varies from 20%-50% and 10%-26% in people 

with and without diabetes, respectively. The coexistence 

of DM and PAD (ankle-brachial index [ABI] < 0.9) is 

associated with a 2- to 4-fold increase in mortality.96

PAD a൵ects up to 50% of patients with DFU and 
is associated with poor prognosis, such as amputation 

(5-24%), ulcer persistence (10-15%), ulcer recurrence, 

increased hospital admissions, reduced quality of life, 

and increased mortality.97-100 Patients with DFU and 

PAD have an estimated 5-year mortality of 50%. This 

grim prognosis is largely attributable to the systemic 

Table 8. Wound, ischemia, and foot infection (WIfI) classification system.

Ulcer score Diabetic foot ulcer Gangrene

0 None None

Clinical description: ischemic pain at rest*

1 Small, shallow ulcer on the distal part of the leg or foot; no bones exposed unless limited to 
the distal phalanx.

None

Clinical description: small tissue loss. Recoverable with simple amputation (1 or 2 digits) or 
skin coverage.

2 Deeper ulcer with exposed bone, joint, or tendon that generally does not involve the heel; 
shallow heel ulcer without involvement of the calcaneus.

Limited to toes

Clinical description: major loss of salvageable tissue requiring multiple digital (≥ 3) or stan-
dard transmetatarsal amputations with standard skin coverage.

3 Extensive and deep ulcer involving the forefoot and/or midfoot; deep heel ulcer with or 
without involvement of the calcaneus.

Extensive: involving the 
forefoot or midfoot; 

heel necrosis ± calcaneal 
involvement.

Clinical description: extensive tissue loss recoverable only with complex foot reconstruc-
tion or non-traditional transmetatarsal amputation (Chopart or Lisfranc); flap coverage or 
complex management of the ulcer due to extensive soft tissue loss.

*Ischemic pain at rest a�ects the forefoot; it is often worse while reclining but relieved when the limb is hanging; it lasts > 2 weeks and must be associated with ≥ 1 
abnormal hemodynamic parameters (ankle-brachial index < 0.4; ankle systolic pressure < 50 mm Hg; toe systolic pressure <30 mmHg; PtcO

2
 < 30 mm Hg, and flat 

or minimal pulsatile waves).
Source: Conte et al.14 and Schaper et al.13

Table 9. Wound, ischemia, and foot infection (WIfI) classification 
for ischemia.

Degree ABI TSP, PtcO
2

0 ≥ 0.8 ≥ 60 mmHg

1 0.6-0.79 40-59 mmHg

2 0.4-0.59 30-39 mmHg

3 ≤ 0.39 < 30 mmHg

ABI: ankle-brachial index; TSP: toe systolic pressure; PtcO
2
: transcutaneous oxygen 

pressure. Measure TSP or Ptco2 if the ABI is incompressible (> 1.3). TSP must be 
measured in diabetic patients and prevails over ABI when they have discordant 
values. If arterial calcification prevents reliable examination of ABI or TSP, ischemia 
should be assessed by PtcO

2
, skin perfusion pressure, or pulse volume recording. 

If ankle systolic pressure and ABI measurements result in di�erent grades, ankle 
systolic pressure will be the primary determinant of ischemia degree.
Source: Conte et al.14 and Schaper et al.13
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Table 10. Wound, ischemia, and foot infection (WIfI) classification for foot infection

SVS Clinical manifestation of infection IDSA/PEDIS Infection degree

0 No signs or symptoms of infection Not infected

1 Infection present, defined by the presence of ≥ 2 of the following: Minimal

1.Swelling or local induration;

2. Erythema > 0.5 to ≤ 2 cm around the ulcer;

3.Local sensitivity or pain;

4.Local heat;

5. Purulent secretion (thick, opaque-to-white or bloody secretion).

Local infection involving only the skin and subcutaneous tissue (no involvement of 
deeper tissues and no SIRS.

Exclude other causes of skin inflammatory response (trauma, gout, acute Charcot 
neuropathic osteoarthropathy, fracture, thrombosis, venous stasis).

2 Local infection (described above) with erythema > 2 cm or involving structures deeper 
than the skin and subcutaneous tissues (eg, abscess, osteomyelitis, septic arthritis, 
fasciitis) and without signs of SIRS.

Moderate

3 Local infection (described above) with signs of SIRS, manifested by ≥ 2 of the following: Severe*

1. Temperature > 38 ºC or < 36 ºC;

2. Heart rate > 90 beats/min;

3. Respiratory rate > 20 breaths/min or PaCO
2
 < 32 mm Hg;

4 Leukocyte count > 12,000 or < 4000 cells/mm3 or 10% immature forms.

IDSA: Infectious Diseases Society of America; PaCO
2
: partial pressure of arterial carbon dioxide; PEDIS: perfusion, extent, depth, infection and sensation; SIRS: systemic 

inflammatory response syndrome; SVS: Society for Vascular Surgery. *Ischemia can complicate and increase the severity of any infection. Systemic infection may 
present with other clinical findings, such as hypotension, confusion, and vomiting, or evidence of metabolic disturbances, such as acidosis, severe hyperglycemia, or 
new-onset azotemia.
Source: Conte et al.14 and Schaper et al.13

Table 11. Perfusion, extent, depth, infection and sensation (PEDIS) classification system.

Category Definition

1. Perfusion Degree 1: no signs or symptoms of PAD;

Degree 2: signs or symptoms of PAD, but no critical ischemia;

Degree 3: critical ischemia.

2. Extent Measurement in centimeters.

3. Depth Degree 1: small superficial ulcer that does not penetrate below the dermis;

Degree 2: deep ulcer, below the dermis that compromises subcutaneous structures and involves fascia, muscle, and 
tendon;

Degree 3: all parts of the foot involved, including bones and/or joints (bone exposure, bone involvement).

4. Infection Degree 1: no signs or symptoms of infection;

Degree 2: infection involving the skin and subcutaneous cellular tissue, no deep tissue involvement or SIRS;

Degree 3: erythema > 2 cm and ≥ 1 of the following: edema, local heat, erythema or infection involving deeper structures 
such as abscess, osteomyelitis, septic arthritis, fasciitis. No SIRS;

Degree 4: foot infection with SIRS:

1.Temperature > 38 °C or < 36 °C;

2. Heart rate > 90 beats per minute;

3. Respiratory rate > 20 breaths per minute or PaCO
2
 < 32 mmHg;

5. Leukocyte count > 12,000/mm or > 10% immature forms of leukocytes.

5. Sensation Degree 1: no loss of sensation in the a�ected foot;

Degree 2: loss of sensation in the a�ected foot according to objective tests:

- 10 g monofilament test;

- Vibratory sensitivity test.

PAD: peripheral arterial disease; PaCO
2
: partial pressure of arterial CO

2;
 SIRS: systemic inflammatory response syndrome.

Source: Peters and Lavery.86
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nature of arterial disease. Furthermore, patients with 

ischemic and neuroischemic DFU have a higher risk 

of all-cause mortality than diabetic patients without 

DFU or with neuropathic DFU.95,101

Pathophysiology and risk factors for 

peripheral arterial disease in diabetic 

patients

PAD develops in diabetes through a complex interaction 

of hemodynamic, metabolic, and neurohormonal 

factors, which, through di൵erent mechanisms, produce 
endothelial and smooth muscle cell dysfunction, 

abnormalities in hemostasis and blood viscosity, chronic 

inÀammation, accumulation of glycation end-products, 
and oxidative stress.102,103 In order of importance, the 

main risk factors for PAD are smoking, DM, arterial 

hypertension, and hypercholesterolemia. However, 

other associations have been described, particularly 

in DM patients, such as disease duration, high levels 

of glycosylated hemoglobin, abdominal obesity, male 

sex, and neuropathy.98

Macro- and microvascular manifestations in 

diabetic patients

Macrovascular manifestation of atherosclerotic 

disease in DM is generally bilateral and tends 

to involve arteries in the infrapopliteal segment. 

Concomitant femoropopliteal involvement is also 

common and has the same incidence in the non-

diabetic population, while involvement of the iliac 

segment, especially in isolation, is less frequent.13,103 It 

is also common for diabetic patients to have an 

incomplete plantar arch and a higher risk of PAD, 

including a palpable tibial pulse, which can evolve 

into ulcerations and gangrene in the toes.13 The 

lesions have multisegmental characteristics with 

long occlusions, a reduced collateral network, and 

extensive arterial calcification.13,101 They a൵ect younger 
individuals, presenting a rapid clinical course with 

greater tissue loss and risk of amputation, and have 

a high recurrence rate after revascularization.13,103,104

The microvascular system includes capillaries 

and arterioles (up to ≈100 um) and is essential for 
maintaining tissue homeostasis, providing oxygen and 

nutrients for wound healing. It allows angiogenesis and 

hormonal signaling and participates in the regulation of 

systemic blood pressure.99,105 Microvascular dysfunction 

is characterized by an imbalance between blood Àow 
and vascular tone, resulting in compromised oxygen 

supply to tissue, increased oxidative stress, impaired 

healing, and target organ damage.105 Among the 

main microvascular complications (polyneuropathy, 

nephropathy, and retinopathy), retinopathy appears 

to have a greater correlation with wound healing 

failure, minor amputation, and mortality.99 Thus, 

microvascular disease has been proposed as a risk 

factor for both PAD progression and amputation.99

Although some authors assert that these 

microangiopathy mechanisms a൵ect healing, no concrete 
evidence currently supports such a hypothesis, which 

prevents extrapolation to clinical practice. Therefore, 

PAD continues to be the most important cause of 

perfusion deficit in diabetic patients, and microvascular 
disease should not preclude recommending limb 

revascularization.13

Diagnosis

The diagnosis, prognosis, and treatment of diabetic 

patients with PAD are markedly di൵erent from those 
without PAD. No clinical signs or symptoms accurately 

exclude PAD in patients with DM.97 Approximately 

50% of patients are asymptomatic,10% have symptoms 

of intermittent claudication, and PAD can remain 

subclinical until patients experience severe tissue 

loss.13,97 The lack of symptoms may be related to 

polyneuropathy and loss of pain sensitivity.13 Early 

identification of PAD is essential in patients with 
DFU, since arterial involvement is associated with 

a greater risk of ulcers that do not heal, infection, 

and amputation, as well as increased cardiovascular 

morbidity and mortality.13 Ischemic ulceration generally 

a൵ects the forefoot and toes, but other areas may be 

Table 12. Main recommendations from the latest consensus of the International Working Group on the Diabetic Foot (IWGDF).

Recommendations
Recommendation class and level 

of evidence

1. Use the SINBAD system to classify diabetic foot ulcers and communicate between multidiscipli-
nary health teams.

Class I/level of evidence B14,87-90

2. Do not use any classification system to o�er an individual prognosis for patients with diabetic foot 
ulcers.

Class III/level of evidence C13

3. Use the IWGDF/IDSA or WIfI system in clinical practice to guide decision making. Class IIb/level of evidence B82-84,91,92

4. Use the SINBAD system for regional/national/international auditing since it allows comparison of 
diabetic foot ulcer results between institutions.

Class IIa/level of evidence C78,80

IDSA: Infectious Diseases Society of America; SINBAD: Site, Ischemia, Neuropathy, Bacterial Infection, and Depth; WIfI: Wound, ischemia and foot infection. Adapted 
from Schaper et al.13
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a൵ected in patients with diabetic neuropathy, altered 
biomechanics, or foot deformities. Therefore, all 

patients presenting signs or symptoms of PAD should 

undergo complete vascular assessment.14

Anamnesis should be directed towards PAD risk factors, 

such as hypertension, dyslipidemia, smoking, obesity, 

DM duration, and manifestations of atherosclerotic 

disease, such as cerebrovascular and coronary disease. 

Patients who have had diabetes > 10 years are more 

prone to PAD.98 Microvascular disease mainly a൵ects 
the retinal vessels (eg, amaurosis), glomerular vessels 

(eg, renal failure), and those that nourish peripheral 

nerves (vasa nervosarum), causing sensory, motor, 

and autonomic polyneuropathy.106

Ischemic pain at rest a൵ects the forefoot and often 
increases with recumbency, although it is relieved when the 

limb is hanging. It lasts > 2 weeks and must be associated 

with one or more altered hemodynamic parameters 

(ABI < 0.4; ankle systolic pressure [ASP] < 50 mmHg; 

toe systolic pressure [TSP] < 30 mmHg; transcutaneous 

oxygen pressure [PtcO
2
 ] < 30 mmHg and Àat or 

minimal pulse waves). Pressure measurements must 

be correlated with arterial Doppler waveforms due to 

medial calcinosis.14

All patients suspected of PAD should undergo a 

thorough physical examination. Although non-specific, 
characteristics such as coldness, skin xerosis, muscular 

atrophy, and rarified or dystrophic nails are frequently 
observed in patients with PAD.14,98 However, autonomic 

and motor polyneuropathy can manifest with some of 

these integumentary and muscle changes, respectively. 

The foot’s temperature may be relatively warm due to 

dysautonomia or arteriovenous shunts, which mask the 

signs of an ischemic limb.13 Patients with suspected 

PAD should not be examined while sitting in a chair 

with their leg hanging, since this may lead to false 

interpretations regarding foot perfusion.14 Buerger’s 

sign, pallor in an elevated foot, redness in a hanging 

one, and a capillary refill time > 5 seconds are also 
signs of a limb with arterial insu൶ciency.14

Although foot pulse palpation is part of the initial 

workup, the results should not be used in isolation 

to exclude PAD in patients with DM. Even when 

assessed by experienced professionals, a palpable 

pulse may be present in limbs with significant 
ischemia.13 A systematic review demonstrated that 

foot pulse palpation had a sensitivity of 55% and 

specificity of 60% for PAD diagnosis.97 Therefore, 

a more objective assessment should be performed in 

all patients with DFU.13

Bedside diagnostic tests may lose accuracy due 

to peripheral neuropathy, arterial calcification, or 
peripheral edema.13 There is still no ideal test or 

defined cut-o൵ value that safely excludes PAD. It is 

recommended to use more than 1 test in parallel to 

increase diagnostic accuracy.13,97 In most patients with 

DFU, the Doppler wave shape of the distal arteries 

should be assessed in combination with ASP and 

ABI or with toe systolic pressure (TSP) measurement 

and the toe/brachial index (TBI). PAD is less likely 

with an ABI of 0.9-1.3, TBI ≥ 0.75, and a triphasic 
Doppler waveform (recommendation class I, level of 

evidence C). However, if there is uncertainty or an 

unfavorable clinical course, the investigation should be 

complemented with imaging exams.13 Alternative tests 

that may also be useful when investigating DFU include: 

pulse oximetry, pulse volume, photoplethysmography, 

transcutaneous oxygen tension, and skin perfusion 

pressure.13,14

Ankle-brachial index

Peripheral (autonomic) neuropathy associated 

with calcification of the tunica media (Mönckeberg 
sclerosis) in the distal arteries makes them rigid and 

incompressible, and can even result in a falsely elevated 

ABI (between 0.4 and 1.4). This phenomenon should 

be suspected when the ABI is near or within normal 

range, but is associated with abnormal (damped) 

monophasic waveforms, which can be recognized 

acoustically or visually on a monitor. False-normal 

ASP and ABI values have been reported as independent 

predictors of major amputation.13,14 Detection of a 

triphasic arterial waveform with a handheld Doppler 

ultrasound device appears to provide stronger evidence 

for ruling out PAD. Although an ABI < 0.9 is useful for 

detecting PAD, results > 0.9 do not exclude PAD.13,97

ABI may be more useful for diagnosing PAD 

in patients with intact feet, but it is less useful for 

ruling out PAD in patients with foot neuropathy or 

DFU (sensitivity 69.5% vs 80.7%; specificity 74% 
vs 91.5%). Thus, it should not be used in isolation 

to rule out PAD in DFU patients.97

Toe systolic pressure and toe/brachial index

Digital arteries are often spared the extensive 

calcification that occurs in tibial arteries, so their 
Àow measurement more accurately reÀects foot 
perfusion in people with DM.14 TSP measurement 

is recommended whenever falsely elevated ASP or 

ABI are detected or suspected, especially when the 

values do not agree with acoustic or visual analysis 

of the waveform.13,14,97

TSP is measured using a specific cu൵ that is placed 
around the base of the great toe and is connected to a 

standard pressure gauge. A photoplethysmographic or 

continuous wave Doppler Àow detector is then used 
to determine the Àow return after cu൵ deÀation.14 TSP 

is generally 20-40 mmHg less than ASP. TBI < 0.7 is 
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considered abnormal, and TSP < 30 mm Hg is associated 

with advanced ischemia.14 TSP < 50 mmHg has 

excellent diagnostic ability in patients with DFU, but 

normal TSP has not been considered accurate enough 

to rule out diagnosis.97 PAD is unlikely if the TBI 

is ≥ 0.75. TBI and waveform analysis in the tibial 
arteries (measured at the medial malleolus, dorsum of 

the foot, and mid-calf for the peroneal artery) are the 

most useful non-invasive screening tests for patients 

who require additional diagnostic imaging.13

Audible handheld Doppler: analysis

A validation study to determine the usefulness of 

audible handheld Doppler ultrasound107 examined 

200 patients (379 legs). The ABI and TSP of all 

patients was measured in certified vascular laboratories. 
Audible handheld Doppler signals were su൶ciently 
sensitive to rule out PAD (98.6% posterior tibial, 

97.8% dorsalis pedis), but not su൶ciently specific to 
diagnose it (37.5% posterior tibial, 30.19% dorsalis 

pedis). The test is simple, quick, and can serve as an 

alternative to ABI. Audible handheld Doppler results 

(ABI > 0.9) are identified as biphasic or triphasic. 
If a monophasic waves or no sound is detected, 

duplex Doppler ultrasound of the entire limb should 

be ordered.12

Transcutaneous oxygen pressure

PtcO
2
 allows microvascular assessment and can also 

reÀect the perfusion of large and small vessels.108 The 

sensitivity of PtcO
2
 appears to be better than ASP (82% 

vs 67%) in intact feet.109 However, the sensitivity of 

both PtcO
2
 and ASP is reduced in patients with DFU 

(28% vs 47%, respectively), having low diagnostic 

value in such cases.110 However, it should be noted that 

PtcO
2
 decreases only when reductions in macrovascular 

arterial perfusion are so critical that they reduce tissue 

oxygen supply.108 This phenomenon occurs through 

microvascular compensatory mechanisms of hyperemia 

in ischemic limbs, maintaining a curvilinear relationship 

between PtcO
2
 values and local perfusion pressures 

su൶cient to maintain normal tissue oxygenation.108

Pulse oximetry

Pulse oximetry is an attractive technique due to its 

low cost and device availability in most health care 

settings, although its applicability is still limited by 

a lack of scientific evidence about PAD diagnosis in 
patients with DFU. The measurement considers toe 

saturation < 2% less than finger saturation or a toe 
saturation increase > 2% when the leg is elevated 

12 inches above the horizontal plane.97

Overall, there is not yet enough evidence to 

recommend a single bedside test to reliably rule out 

PAD in patients with DFU. Normal ABI (or a palpable 

pulse) cannot reliably rule out PAD. A second test 

should be performed, such as Doppler waveform 

assessment, possibly in combination with TSP and 

TBI measurement. Pulse oximetry could become 

an attractive alternative if confirmed in future 

studies.97 Bedside tests for probable PAD in diabetic 

feet are summarized below:97

1.	 ABI < 0.9 can suggest PAD, but values between 

0.9 and 1.3 do not exclude PAD, especially in 

patients with neuropathy and/or DFU;

2.	 TBI > 0.75 makes PAD diagnosis less likely;

3.	 Pulse oximetry results (ie, if toe saturation is 

< 2% less than finger saturation or increased 
by > 2% when the leg is elevated 12 inches 

above the horizontal plane) may suggest PAD 

or make it less likely;

4.	 Analysis of the tibial waveform (triphasic/

monophasic) can be useful in PAD diagnosis.

Several other noninvasive tests, including laser 

Doppler Àowmetry, skin perfusion pressure, and 
plethysmography, have been used to assess limb 

perfusion. However, these tests can be inÀuenced by 
a variety of confounding factors and are not routinely 

used in most vascular laboratories around the world.14

Assessing prognosis of ischemic diabetic foot 

ulcers

Due to the scarce literature, comorbidities in 

patients with DFU, and the complexity of arterial 

lesions (infrapopliteal predominance, extensive 

calcification, reduced collateral network, and long 
lesions), there is still no single measure to consistently 

predict healing.13 Diagnostic tests, the WIfI system, 

and disorder duration can help physicians decide 

about more detailed arterial study and the need for 

revascularization (recommendation class I, level of 

evidence B). Above all, decisions must always be 

considered in light of the patient’s comorbidities.13,14

Prognostic value of bedside tests

Indicators of a greater probability of healing in 

patients with PAD and DFU include skin perfusion 

pressure ≥ 40 mmHg, TSP ≥ 30 mmHg, and PtcO
2
 ≥ 

25 mmHg (recommendation class I, level of evidence 

B). Any of these findings increases the probability of 
healing by at least 25%.13 Indicators of a low probability 

of healing and an increased risk of amputation are 

ASP < 50 mmHg, ABI < 0.5, TSP < 30 mmHg, and 

PtcO
2
 < 25 mmHg. Although ABI has little value in 

healing prognosis, subnormal values are associated with 
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a higher risk of amputation. In these patients, imaging 

tests are recommended and early revascularization 

should be considered.13,97

WIfI classification system

The WIfI system was developed through expert 

consensus and has since been validated in populations 

with and without diabetes.13,14,81 This classification 
system for foot ulcers, ischemia, and infection, which 

helps estimate the risk of amputation and the potential 

benefit of limb revascularization, is recommended by 
international guidelines.13,14 The system is detailed 

in Chapter 3.

Clinical course

Regardless of the diagnostic test results, imaging 

studies are recommended and revascularization should 

be considered in all patients with DFU and PAD if 

the ulcer does not shrink by approximately 50% 

within 4-6 weeks, even with ideal treatment (adequate 

infection control, wound care, and o൷oading) and no 
other probable cause of poor healing (recommendation 

class IIa, level of evidence C).13,14

Comorbidities

Healing is related to the interaction of perfusion 

deficit with other characteristics of the patient and 
the foot, such as tissue loss, infection, mechanical 

load on the ulcer, and comorbidities (eg, heart failure 

or end-stage renal disease). Clinical stability and 

metabolic and infection control are fundamental for 

the regenerative process.13 Imaging exams and urgent 

treatment should also be considered in patients with 

PAD (even with higher pressure levels) when there are 

other predictors of poor prognosis, such as infection 

or extensive ulceration.13

Arterial imaging tests

High-quality arterial imaging is essential for 

determining the best method of limb revascularization. 

Anatomical information from the arterial bed must 

be obtained to assess the severity and distribution of 

arterial stenoses or occlusions. Detailed study of the 

infrapopliteal arteries and feet is essential for patients 

with DFU.13,14

Color duplex ultrasound

It is recommended to begin the investigation with 

color duplex ultrasound due to its accessibility, non-

invasive nature, and low cost, in addition to using no 

iodinated contrast medium, no ionizing radiation, and 

the device’s portability.13,14 Arterial circulation in the 

lower limb can be assessed directly and completely, 

from the abdomen to the foot. This method provides 

anatomical detail and a physiological assessment of 

blood Àow, determining the location and extent of the 
disease, as well as providing information about Àow 
speed and volume. Di൵use multisegmental involvement, 
extensive calcification, edema, and tissue loss can 
hamper the quality of the examination.13,14 Its main 

disadvantages are the delay required to perform the 

examination, its high operator dependence, the fact 

that it does not produce a map of the arterial bed, and 

its limited estimation of collateral arterial supply.14

Computed tomography angiography and 
nuclear magnetic resonance imaging

Computed tomography (CT) angiography has high 

sensitivity and specificity in the aortoiliac (95% and 
96%, respectively) and femoropopliteal (97% and 94%, 

respectively) segments. Its sensitivity and specificity 
fall slightly near the infrapopliteal region (95% and 

91%, respectively), especially in cases of extensive 

calcification, which can make it di൶cult to evaluate 
smaller arteries.111 Other disadvantages include allergic 

reactions, contrast-induced nephropathy, and the use 

of ionizing radiation.13,14

One of the main advantages of nuclear magnetic 

resonance imaging (MRI) angiography is its use of a 

contrast agent with low nephrotoxicity (gadolinium) 

and no ionizing radiation. Disadvantages include 

stenosis overestimation, di൶culty assessing in-stent 
restenosis, compatibility issues with implanted devices 

(pacemakers and defibrillators), long image acquisition 
times, and image artifacts. Its use is limited in patients 

with claustrophobia, as well as those with severe renal 

failure (creatinine clearance < 30 mL/min) due to 

the risk of nephrogenic systemic fibrosis. New non-
gadolinic agents, such as ultrasmall paramagnetic 

iron oxide particles, may be safer in patients with 

compromised renal function.13,14

To assess arterial disease in leg and foot vessels, 

neither CT nor nuclear MRI angiography produce 

complete images with sufficient resolution for 

therapeutic planning. Thus, the 2019 Global Vascular 

Guidelines on the Management of Chronic Limb-

threatening Ischemia, which have been endorsed by 

the Society for Vascular Surgery, the European Society 

for Vascular Surgery, and the World Federation of 

Vascular Societies, do not recommend CT angiography 

for detailed study of infrapopliteal disease, which must 

be investigated by complete diagnostic angiography, 

including the ankle and foot.13,14

Digital subtraction angiography

Digital subtraction angiography is still considered 

the gold standard for arterial imaging due to its high 

spatial resolution, especially for the infrapopliteal 
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territory. Its advantages include allowing treatment 

during the procedure, while its disadvantages include 

the use of iodinated contrast and its invasiveness, 

which can result in complications related to arterial 

puncture.13,14 CO
2
 angiography can be used in patients 

allergic to iodinated contrast and in those with severe 

chronic kidney disease. Its image quality is lower than 

iodinated angiography and the image progressively 

degrades along the leg, although it can still provide 

useful diagnostic images and it reduces the volume of 

iodinated contrast.13,14 Flowchart 3 summarizes the use 

of imaging tests in patients with a revascularization 

plan.

Limb revascularization

The indications for PAD treatment are similar 

in diabetic and non-diabetic patients: limiting 

claudication, reducing pain at rest, and reducing 

tissue loss associated with non-healing ulcers and 

gangrene.14 Approximately 25% of patients with 

ischemic DFU have no revascularization options, 

and the major amputation rate due to unsuccessful 

limb revascularization or to being ineligible for 

revascularization is 25%-50%.101,112 These individuals 

are generally characterized by multilevel arterial 

disease, including high involvement of the arteries 

of the foot (approximately 75% of cases).112 Among 

diabetic patients, Faglia et al.113 found that the lack of 

a patent tibial artery at the end of angioplasty resulted 

in a 62% amputation rate, compared to 1.7% among 

patients with at least 1 patent artery to the foot.

The goal of revascularization is to restore direct 

blood Àow to at least 1 artery in the foot, preferably 
one supplying the anatomical region of the ulcer. 

Perfusion is the main parameter for DFU healing, 

amputation level selection, and limb salvage. It should 

be noted that a delay of more than 2 weeks from DFU 

diagnosis to revascularization substantially increases 

the risk of limb loss.114 However, revascularization 

must be considered on a case-by-case basis, since the 

ulcers can heal in up to 50% of patients with DFU 

and PAD who do not undergo revascularization.13

Once PAD has been diagnosed, the need for 

revascularization will be based on the PLAN concept, 

in which: P = patient risk, L = limb threat severity 

(WIfI classification), and AN = anatomic pattern of 
disease, ie, assessing the extent of arterial disease 

according to the Global Anatomic Staging System. 

PLAN assists in treatment selection, from primary 

amputation to revascularization, and helps determine 

Flowchart 3. Use of imaging exams in patients with a revascularization plan. ASP = ankle systolic pressure; ABI = ankle-brachial 
index; CT: computed tomography; DFU = diabetic foot ulcer; MRI: magnetic resonance imaging; PtcO

2
 = transcutaneous oxygen 

pressure; TSP = toe systolic pressure; WIfI: wound, ischemia, and foot infection classification system.
Source: Conte et al.,14 Forsythe et al.97 and Schaper et al.13
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the best revascularization option (open or endovascular 

surgery).14

A systematic review found that the limb salvage 

rate ranges from 70-90% for patients who undergo 

revascularization (either open or endovascular), with 

more than 60% of ulcers healed within 1 year.115 Even 

in patients with unfavorable arterial anatomy who 

undergo ultradistal bypass or inframalleolar angioplasty, 

limb salvage rates at 1 year have been reported at 

86% and 77%.101

Based on current evidence, no technique (endovascular, 

open, or hybrid) can be considered superior to another. 

Furthermore, no large randomized studies have 

determined the most appropriate revascularization 

methods specifically for patients with DFU and 
PAD.101 Decisions must consider individual factors, 

such as the morphological distribution of PAD, 

autogenous vein availability, comorbidities, and 

surgeon expertise (recommendation class I, level of 

evidence B).13,14,101

The Bypass vs Angioplasty in Severe Ischemia of the 

Leg (BASIL)116 study compared endovascular intervention 

with open surgery. Perioperative morbidity was higher 

in the surgery group, but overall and 1-year amputation-

free survival were similar between groups. However, at 

2 years, the surgery group was associated with a lower 

risk of amputation and death. It was concluded that 

angioplasty should be used first for patients with a life 
expectancy of ≤ 2 years, and that bypass is preferable 
when a vein graft is available. However, only a minority 

of the sample (42%) had DM, there was no subgroup 

analysis, and the study was not focused on patients with 

ulcers. Therefore, we cannot extrapolate these findings 
to patients with DFU and PAD.117

Revascularization should not be performed if there is 

no realistic chance of ulcer healing or when progression 

to amputation is inexorable (recommendation class 

III, level of evidence C). Patients with the following 

characteristics are not candidates for revascularization: 

significant frailty, low life expectancy, poor functional 
status, bedridden, large area of tissue destruction that 

makes the foot functionally unviable, and unable 

to undergo rehabilitation after revascularization. 

In these cases, primary amputation or a palliative 

approach must be decided upon by the patient and a 

multidisciplinary team.13,14

Angiosome-directed revascularization

In 1987, Taylor & Palmer proposed the concept 

of the angiosome, a three-dimensional unit of tissue 

nourished by an artery.118 The 3 main vessels (posterior 

tibial, fibular, and anterior tibial) nourish specific areas 
of the leg and foot (Figure 6). Hence, the aim is to 

identify and revascularize the artery that nourishes the 

specific area of tissue loss (direct revascularization), 
restoring pulsatile Àow directly to the ischemic region, 
which makes healing more likely. Alternatively, non-

angiosome targeted therapy (indirect revascularization) 

uses a “best vessel” approach, which selects the most 

suitable target artery, regardless of whether it is related 

to the area of tissue loss, thus restoring blood Àow to 
the area through collateral vessels.13,101,119

Given that patients with DM have a poor network 

of collateral circulation and typically do not have 

a complete pedal arch or collateral Àow from the 
peroneal artery to the foot, it seems intuitive that 

angiosome-directed revascularization would be 

more e൵ective. Thus, the current consensus is that 

Figure 6. Illustration of foot angiosomes anterior view and posterior view.119 (1) Anterior communicating angiosome (of the peroneal 
artery); (2) Dorsalis pedis angiosome (of the anterior tibial artery); (3) Lateral plantar angiosome (of the posterior tibial artery); (4) 
Lateral calcaneal angiosome (of the peroneal artery); (5) Medial calcaneal angiosome (of the posterior tibial artery); (6) Medial 
plantar angiosome (of the posterior tibial artery).
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angiosome-directed revascularization should be 

performed whenever possible (recommendation class 

IIb, level of evidence C).13,101 However, due to the 

lack of standardized definitions and to methodological 
errors, the scientific robustness of the angiosome 
concept in patients with DM is unknown.13

Successful angioplasty of ≥ 1 occluded vessels 
is not the same as a clinically successful procedure, 

and before the procedure is completed, blood Àow 
to the ulcerated area must be verified. If possible, 
opening multiple arteries may be useful, as long ≥ 
1 feeds the ischemic area directly.13 The e൵ectiveness 
of a revascularization procedure should be assessed 

using objective perfusion measurements, such as: 

blood pressure skin perfusion > 40 mmHg, TSP > 

30 mmHg, or PtcO
2
 > 25 mmHg. Since skin oxygen 

tension increases progressively over a period of several 

weeks after successful percutaneous transluminal 

angioplasty, PtcO
2
 should be measured at least 

1-3 weeks after the procedure.13

Extensive debridement or partial amputation of the 

foot should not be performed until the limb has been 

revascularized in patients with advanced ischemia, 

severe tissue loss, or no infection. In patients with severe 

infection, especially those with systemic inÀammatory 
response syndrome, drainage must be performed 

before revascularization to control sepsis. As soon as 

sepsis is controlled and the patient is clinically stable, 

arterial studies and limb revascularization must be 

performed as soon as possible. After infection has 

been controlled and blood Àow has been restored, 
definitive surgery can be performed to make the limb 
functional.13 Revascularization is another step in DFU 

treatment and, after the procedure, multidisciplinary 

follow-up must be guaranteed as part of a comprehensive 

care plan that addresses immediate infection treatment, 

ulcer debridement, biomechanical unloading, glycemic 

control, and comorbidity treatment.13

Intensive treatment is needed to reduce cardiovascular 

risk in these patients, including smoking cessation, 

hypertension treatment, blood glucose control, 

and therapy with statins and low-dose antiplatelet 

agents.13,15 Young et al.120 found that an aggressive 

approach to cardiovascular risk management reduced 

mortality in patients with neuroischemic DFU (5-

year mortality decreased from 58% to 36%, with a 

38% relative risk reduction). No specific evidence 
supports a single most appropriate antiplatelet agent 

or a combination of new direct oral anticoagulants 

in patients with PAD and DFU.13 Some studies 

have found that cardiovascular outcomes are lower 

in patients with PAD who use clopidogrel rather 

than acetylsalicylic acid.121,122 A meta-analysis of 

the COMPASS and VOYAGER trials found that 

low-dose rivaroxaban plus aspirin was superior to 

aspirin alone for reducing cardiovascular and limb 

outcomes, although it led to a relative increase in 

non-fatal major bleeding. This review concluded that 

the combination is beneficial for patients with PAD. 
However, the number of diabetic patients was limited 

(40-47%), few had an at-risk limb (2.8-31.8%), no 

information was provided about ulceration in the 

limb, and there was no subgroup analysis of patients 

with DFU and PAD.123 Flowchart  4 summarizes 

the approach to patients with DFU and PAD, and 

Table 13 summarizes the main recommendations for 

diabetic patients with PAD.

CHAPTER 5. DIAGNOSING AND TREATING 

FOOT INFECTIONS IN PEOPLE WITH 

DIABETES

Introduction

The complication that most often leads to 

hospitalization in diabetic patients is foot infection, 

and it is also a leading cause of amputation.136,137 Up 

to 17% of patients with an infected DFU progress 

to amputation within 1 year, while 10% become 

reinfected after wound healing.137 Considering only 

acute infections, the rates of minor amputation 

required for treatment can reach 40%.138 Therefore, 

to reduce morbidity and improve outcomes, a precise 

systematic approach is needed for early diagnosis of 

diabetic foot infections.13

Diagnosis

Diabetic foot infections have been clinically defined 
by the IWGDF as “an inÀammatory process in any 
tissue below the malleoli in a person with diabetes.” 

Despite this definition, however, it is possible for 
there to be no characteristic inÀammatory process, 
especially in patients with associated PAD. Thus, 

assessment of factors that predispose patients to 

infection, such as deep, recurrent, long-standing or 

traumatic ulcers, chronic kidney disease, and diabetes-

related immunity changes, can help resolve diagnostic 

suspicion.139,140 Assessing changes in temperature and 

edema can also be useful for diagnosis, since they are 

present in infectious processes and may be the result 

of underlying cellulitis or inÀammatory processes 
related to Charcot arthropathy.141

Although most diabetic foot infections are superficial, 
deep infections have devastating potential, since they 

can spread upwards through the fascia and tendons 

of the deep compartments of the foot. In these cases, 

they can produce rapidly progressive infections, 

leading to increased internal compartment pressure, 
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compartment syndrome, and necrosis due to tissue 

perfusion changes.13

When evaluating a foot ulcer in a diabetic patient, the 

presence of infection should be investigated. Clinical 

di൵erentiation between a soft tissue infection, diabetic 
neuropathic osteoarthropathy, and osteomyelitis is a 

diagnostic challenge and requires a detailed work-up. 

Pain, fever, and elevated inÀammatory markers can 
occur and overlap in all of these conditions.142 At 

this point, the ulcer must be classified according to 
the IWGDF/IDSA system, which has been validated 

for stratifying infections and has been included in 

the WIfI system, the most frequently used scale for 

diabetic foot classification (recommendation class I, 
level of evidence B).13,136 The classification method 
is detailed in Chapter 3.

Upon assessing the severity of the infectious 

process, hospital admission should be considered in 

severe and complex infections for which surgery is 

recommended, especially in patients with important 

comorbidities and PAD. Complementary laboratory 

assessment can determine severity parameters and help 

diagnose the infection when the physical examination 

is inconclusive. Leukocytosis, which is included in 

the IWGDF/ISDA classification system, is associated 
with the severity of the infectious process. Laboratory 

tests for infection markers are also indicated, such as 

erythrocyte sedimentation rate, C-reactive protein, and 

procalcitonin level (recommendation class IIb, level 

of evidence C). C-reactive protein and procalcitonin 

levels have greater sensitivity to earlier elevation, 

while an erythrocyte sedimentation rate > 70 mm/h 

is associated with bone infection.13

Additional parameters can be used to determine the 

presence of osteomyelitis in diabetic foot infections. 

There are 2 clinical predictors of osteomyelitis: 

Flowchart 4. Summary of the approach to patients with DFU and PAD. ASP: ankle systolic pressure; ABI: ankle-brachial index; 
DFU: diabetic foot ulcer; GLASS: global limb anatomic staging system; IWGDF: International Working Group on the Diabetic Foot; 
PAD: peripheral arterial disease; PLAn: clinical decision-making method in 3 steps (P - patient risk, L - limb threat severity, and 
An - anatomic pattern of disease); PtcO

2
: transcutaneous oxygen pressure; TSP: toe systolic pressure; TBI: toe-brachial index; SPP: 

skin perfusion pressure; WIfI: Wound, Ischemia and Foot Infection classification system.
Source: Conte et al.,14 Forsythe et al.,97 Schaper et al.13 and Chuter et al.15



2023 diabetic foot guidelines

22/38Duarte Junior et al. J Vasc Bras. 2024;23:e20230087. https://doi.org/10.1590/1677-5449.202300872

the ulcer’s size/ depth and the probe-to-bone test. 

A deep ulcer with visual bone exposure has a 100% 

specificity, but only a 32% sensitivity, for diagnosing 
osteomyelitis. When the ulcerated area is > 2 cm, 

sensitivity increases to 52% and the specificity remains 
high (92%).143 The probe-to-bone test involves gently 

introducing a sterile blunt probe into the wound. If it 

reaches the bone or joint space, the result is positive. 

Positive results indicate bone infection with a sensitivity 

of 87% and specificity of 83%.144 The gold standard 

for diagnosing osteomyelitis is aseptic bone biopsy 

(percutaneous or surgical route). A positive culture 

or histology is the only way to determine the specific 
pathogen and guide antibiotic therapy. Although 

feasible, bone biopsy should be considered in cases 

where there may be resistance, where there has been 

previous treatment, or where current antimicrobial 

treatment has failed.142

Soft tissue cultures must be collected aseptically from 

all wounds (curettage or biopsy) to guide treatment. 

When the culture is obtained from deep tissue and a 

single pathogen grows, it may suggest the etiology 

of the associated bone infection, although studies 

have found a correlation between soft tissue and bone 

cultures in < 50% of cases, being as low as 17.4% in 

some cases.145,146 Thus, in most cases material should 

be collected aseptically, surgically, or percutaneously 

due to the reliable results.147 Acute infections of lesser 

severity that have not undergone previous treatment can 

be considered for empirical treatment without culture 

collection, although culture collection should be performed 

or repeated when the clinical course is unfavorable 

or when the ulcer is subject to surgical debridement 

(recommendation class IIa, level of evidence C).11,13

Imaging exams

Due to its easy access and low cost, radiography 

should be the initial imaging modality for patients with 

a DFU and suspected osteomyelitis (recommendation 

class I, level of evidence B).142 A meta-analysis found 

that radiography had a sensitivity of 28% and a 

specificity of 68%.143 However, when combined with 

the probe-to-bone test, the sensitivity and specificity 
increase to 97% and 93%, respectively.148 Therefore, 

these tests should be combined for initial diagnosis.

Radiographic changes are only apparent when bone 

loss of 30%-50% has occurred, and they may not be 

visualized in the first 10 days of infection.142 Chart 6 shows 

Table 13. Recommendations for diabetic patients with PAD.

Recommendations
Recommendation class and level of 

evidence

1. Investigate PAD annually (anamnesis and pulse palpation) in all diabetic patients, even in those 
without foot ulceration.

Good clinical practice124,125

2. Complement the investigation of PAD and DFU with Doppler waveform evaluation in combina-
tion with ASP and ABI or TSP and TBI. ABI 0.9-1.3, TBI ≥ 0.75 and the presence of triphasic waves 
make a PAD diagnosis less likely.

Class I/level of evidence C126-128

3. In a patient with DFU and PAD, any of the following diagnostic test results (SPP ≥ 40 mmHg; 
TSP ≥ 30 mmHg; or PtcO

2
 ≥ 25 mmHg) increases the likelihood of healing by ≥ 25%.

Class I/level of evidence B97,129

4. Stratify amputation risk and the benefits of revascularization in patients with DFU and PAD 
using the WIfI classification system.

Class I/level of evidence B13,81,117

5. Always consider urgent vascular imaging and revascularization in DFU: 1) when ASP < 50 
mmHg, ABI < 0.5, TSP < 30 mmHg, or PtcO

2
 < 25 mmHg; 2) when the ulcer is not healing or does 

not heal within 4-6 weeks despite optimal treatment.

Class IIa/level of evidence C114,130,131

6. Do not assume that diabetic microangiopathy is the cause of poor healing in patients with DFU. Class III/level of evidence C114,130,131

7. Perform an arterial study of the entire limb with detailed images of the infrapopliteal arteries in 
surgical planning using: color duplex ultrasound, tomography angiography, magnetic resonance 
angiography, or digital angiography.

Class I/level of evidence C14,132

8. Treat patients with DFU and PAD urgently, since they are at high risk of limb loss. Class I/level of evidence B114,115

9. Avoid revascularization when there is an unfavorable risk-benefit ratio. Class III/level of evidence C130,133

10. Restore angiosome-guided direct blood flow when possible and objectively assess perfusion to 
determine its e�cacy.

Class IIb/level of evidence C134,135

11. Choose the revascularization method based on individual factors, the anatomical complexity 
of PAD, autogenous vein availability, patient comorbidities, and service experience.

Class I/level of evidence B14,96,115

12. Ensure multidisciplinary follow-up after revascularization, including intensive treatment to 
reduce cardiovascular risk with PAD and DFU (smoking cessation, hypertension treatment, blood 
glucose control, administration of statins and antiplatelet agents.

Class I/level of evidence B13,14,96

ABI: ankle-brachial index; ASP: ankle systolic pressure; DFU: diabetic foot ulcer; PAD: peripheral arterial disease; PtcO
2
: transcutaneous oxygen pressure; SPP: skin 

perfusion pressure; TBI: toe-brachial index; TSP: systolic toe pressure; WIfI: wound, ischemia, and foot infection classification system.
Source: Forsythe et al.;97 Schaper et al.;13 and Chuter et al.15
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plain radiography parameters that are associated with 

soft tissue changes and osteomyelitis.149

CT has high spatial resolution and provides better 

assessment of bone structures than plain radiography 

when assessing osteomyelitis. CT can also detect gas 

and small or deep abscesses that are imperceptible in 

radiography. It has a sensitivity of 67% and a specificity 
of 50% for diagnosing osteomyelitis.142 Nevertheless, 

MRI is the main diagnostic modality for osteomyelitis 

in diabetic patients (recommendation class I, level 

of evidence B). MRI can also show bone marrow 

signal changes, which may manifest before bone 

lysis becomes evident in radiography or CT.142 It 

has a sensitivity of 93% and a specificity of 75% for 
diagnosing diabetic foot osteomyelitis.150 Routine 

non-contrast MRI with fat-suppressed sequences 

(T1, T2, and STIR) on multiple orthogonal planes 

can be used to diagnose osteomyelitis. Contrast is 

often necessary and may not be feasible in diabetic 

patients with chronic kidney disease.142

When bone marrow is replaced with a low T1 signal 

(darker than skeletal muscle), it is typically associated 

with osteomyelitis. This may also be associated with 

the loss of a normal cortical T1 signal due to bone lysis 

or the presence of periosteal edema, which increases 

diagnostic confidence for osteomyelitis. The “ghost” 
e൵ect of bone structures involved in osteomyelitis 
is also a useful sign. Bones are imperceptible in T1-

weighted sequences due to marrow replacement and 

cortex loss, becoming readily visible in Àuid-sensitive 
(fat-saturated T2 sequence) or contrast-enhanced 

sequences. A diagnosis of osteomyelitis is reinforced 

when bone marrow adjacent to an ulcer (with or 

without a fistula) is replaced with soft tissue edema.142

Although positron emission tomography with 

Àuorodeoxyglucose and scintigraphy with labeled 
leukocytes can also help clarify the diagnosis, due to 

their higher cost and more limited availability, they 

should be reserved for when a conclusion cannot be 

reached from the initial assessment.142

Treatment

Flowchart 5 summarizes diabetic foot infection 

treatment. Empirical antibiotic therapy must be based 

on the pathogen’s local susceptibility data, considering 

availability and possible drug interactions. Virulent 

pathogens such as Staphylococcus aureus and beta-

hemolytic streptococci should be treated, considering 

Chart 6. Radiographic parameters associated with soft tissue 
changes and osteomyelitis.

Ø Soft tissue changes:

• abnormal density of fatty tissue;

• presence of gas;

• loss of tissue planes.

Ø Bone changes:

• blurring or loss of cortical bone;

• ill-defined erosions and bone sequestration;

• periosteal reactions;

bone sclerosis.

Source: Abikhzer et al.142 and Aragón-Sánchez et al.149

Flowchart 5. Treatment of infected diabetic foot ulcers.*Chapter 4 describes diabetic foot ulcer treatment in patients with peripheral 
arterial disease. DFI = diabetic foot infection; PAD = peripheral arterial disease.
Source: Conte et al.14 and Schaper et al.13
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that less virulent pathogens only tend appear as local 

contaminants/colonizers. Additionally, for all tropical 

countries, the IWGDF recommends including an 

antibiotic that is e൵ective against Pseudomonas 

aeruginosa due to its high prevalence, especially when 

the lesion has been in contact with humid media.13

More complex cases should involve consultation with 

an infectious disease specialist, including individualized 

discussion of each case.13 Table 14 suggests combinations 

of empirical antibiotic therapy according to infection 

severity. According to expert opinion, simple wounds can 

receive antibiotic therapy for 1 to 2 weeks. The treatment 

period may be extended to 4 weeks, especially in extensive 

wounds that are healing and in cases with more severe 

PAD, comorbidities associated with delayed wound 

healing, or an increased rate of infection treatment 

failure (recommendation class IIa, level of evidence 

C).151 If the infection has not resolved after this period, 

the possibility of treatment failure must be considered 

and the treatment should be reassessed.13,151

Using topical antibiotics in the wound or indiscriminate 

use of systemic/topical antibiotics to prevent infection 

in non-infected ulcers is not recommended. When 

wound infection has not been confirmed after detailed 
evaluation, antibiotics provide no actual benefits and 
could induce bacterial resistance, which overrides any 

theoretical benefit they might provide in such scenarios 
(recommendation class III, level of evidence B).13

Although cases of mild infection occur, most 

diabetic foot infections will require surgical 

intervention to resolve. In cases of severe infection 

with necrosis and deep abscesses, surgical evaluation 

is essential and drainage/decompression should 

ideally be performed urgently, in most cases 

within 24 hours.11 In general, urgent cases are 

associated with soft tissue infection, although 

this is rare in isolated bone infections. Initially, 

the surgical procedure must involve resection of 

devitalized, infected tissue and pressure reduction 

in deep compartments, maintaining all viable skin 

coverage, even in non-critical areas, considering 

its use in future surgeries after the infection has 

been controlled.152

Although the gold standard treatment for osteomyelitis 

involves resection of the compromised bone segment, 

similar success rates have been described for osteomyelitis 

treatment without bone resection or conservative bone 

resection, especially when limited to the forefoot, 

with remission rates in some series reaching 64% 

in 1 year.153,154 The suggested treatment time in such 

cases is 6 weeks, with improvement observed ideally 

in the first 2-4 weeks (recommendation class IIa, level 
of evidence B). If no resolution occurs during this 

period, the approach should be changed, including 

a biopsy to identify the pathogen or resection of the 

involved structure.155

Table 14. Suggested empirical antibiotic regimens for diabetic foot infection treatment.

Infection severity Additional factors Pathogens involved Suggested empirical therapy

Light No factors Gram-positive SPRP, 1st generation cephalosporin.

Recent antibiotic use Gram-positive and gram-negative 
bacilli

In case of allergy: clindamycin, 
fluoroquinolones, macrolide, 

doxycycline.

Risk of MRSA MRSA Beta-lactams with beta-lactamase 
inhibitor; S/T; fluoroquinolones.

Moderate or 

severe

No factors Gram-positive and negative bacilli Beta-lactams with beta-lactamase 
inhibitor.

Recent antibiotic use Gram-positive and negative bacilli Beta-lactams with beta-lactamase 
inhibitor; Carbapenems;

Macerated ulcer or hot weather Gram-positive, gram-negative bacilli, 
Pseudomonas

(request evaluation from an infec-
tious disease specialist)

Ischemic limb, necrosis/gas Gram-positive, gram-negative bacilli, 
Anaerobes

Beta-lactams with beta-lactamase 
inhibitor; SPRP + ceftazidime; SPRP 

+ ciprofloxacin; Carbapenems.

Risk Factors for MRSA MRSA Beta-lactams with beta-lactamase 
inhibitor; Carbapenems; second- and 

third-generation cephalosporins + 
clindamycin or metronidazole.

Risk factors for gram bacilli resis-
tance

BLPO Consider adding or replacing 
with vancomycin, linezolid, or 

daptomycin.

BLPO: beta-lactamase-producing organism; MRSA: methicillin-resistant Staphylococcus aureus; SPRP: semisynthetic penicillinase-resistant penicillin; S/T: 
sulfamethoxazole + trimethoprim.
Source: Schaper et al.13
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When complete resection of the bone lesion is 

performed, antibiotic therapy can be reduced to a 

few days, especially when cultures of bone tissue 

fragments from the resection edge are negative. When 

the resection edge yields positive cultures, 6 weeks 

of treatment is recommended (recommendation class 

IIb, level of evidence C).13

Similar to serious infections, osteomyelitis 

treatment can be modified from intravenous to 
oral, while maintaining an antibiotic regimen with 

similar coverage and dosage in the upper range. 

Prolonging treatment beyond 6 weeks has shown no 

benefits88 and, according to the IWGDF, long-term 

suppressive antibiotic therapy should only be used 

in cases involving a large amount of necrotic bone 

tissue that is not amenable to removal or in cases 

of infected orthopedic material.155 Follow-up with 

laboratory monitoring is suggested, including foot 

X-rays and serial measurement of C-reactive protein 

and erythrocyte sedimentation rate. The patient can 

be considered cured after 1 year of follow-up.138

Regarding adjuvant therapies for infection, 

there are no high quality recommendations about 

hyperbaric or topical oxygen therapy, granulocyte 

colony-stimulating factor, topical antiseptics,89 silver 

compounds90 or negative pressure therapy for diabetic 

foot infection (recommendation class III, level of 

evidence B).13,156,157 To date, trials regarding these 

adjuvant therapies have been low quality and do not 

substantially support their use in light of the cost 

and potential adverse e൵ects.13 Table 15 summarizes 

the main recommendations for treating diabetic foot 

infections.

CHAPTER 6. CHARCOT ARTHROPATHY

Introduction

Although Charcot arthropathy was first described 
in1868, its pathophysiology remains undefined. It is 
associated with conditions that cause neuropathy of 

the lower limbs, and diabetes is its main cause.216 Its 

incidence among people with DM can vary from 0.1% 

to 13%, reaching up to 29% in patients who already 

have neuropathy.217,218 Since deformities resulting 

from Charcot arthropathy lead to inadequate pressure 

distribution in the foot, they are an important cause 

of foot ulcers in diabetic patients.217

Diagnosis

Charcot arthropathy is defined as a non-infectious 
neuro-osteoarthropathy of the bones and joints that 

leads to changes in sensitivity and destruction of 

foot architecture.219 It usually involves the midfoot, 

hindfoot, and ankle, and 2 mechanisms for its 

development have been described.216,217 According 

to neurovascular theory, its development can be 

explained through dysautonomia caused by neuropathy: 

increased vascularization and the stimulation of 

osteoclastic activity is the cause of the deformities. 

According to neurotraumatic theory, multiple joint 

and bone injuries develop due to a lack of protective 

sensitivity and inadequate injury healing, resulting 

in the development of arthropathy.216,220

Although early diagnosis is decisive for preserving 

the limb, in up to 79% of cases error leads to 

delayed diagnosis by as much as 7 months.217 Both 

acute and chronic presentations are possible, and 

diagnosis is still essentially clinical. The acute form 

presents with erythema, edema, pain, and increased 

foot temperature and is often confused with other 

diseases, such as cellulitis, gout, sprains, or deep vein 

thrombosis. The chronic form is the most characteristic, 

including plantar arch loss and a ‘rocker bottom’ 

deformity.221 Acute Charcot arthropathy should be 

considered for presentations involving edema, pain, 

and erythema of the foot without evident skin lesions 

(good clinical practice).

In suspected Charcot arthropathy patients with 

intact skin, infrared skin temperature can be measured 

at the highest sites on the foot or ankle and compared 

with the contralateral limb at the same anatomical 

point (recommendation class IIb, level of evidence 

C). A 2 °C increase in skin temperature compared to 

the contralateral foot has been used as a threshold 

for diagnosing active Charcot arthropathy.222 In the 

absence of other signs or symptoms of inÀammation 
(ie, redness or swelling), an isolated increase in 

foot temperature may not always be indicative of 

active Charcot neuropathic osteoarthropathy and 

should be interpreted in the context of other clinical 

findings.223,224 Although an essential part of the 

diagnostic evaluation, an isolated elevation in foot 

skin temperature is insu൶cient to either diagnose or 
rule out active disease. Consequently, asymmetric 

temperature elevation is sensitive but not specific in 
active Charcot arthropathy diagnosis.

Ideally, plain bilateral radiography should be 

performed for comparison in patients with diabetes and 

suspected active Charcot arthropathy (recommendation 

class IIa, level of evidence B). Radiography should 

include anteroposterior, medial oblique, and lateral 

views in a diabetic patient with suspected active 

Charcot neuropathic osteoarthropathy. Views of the 

ankle and foot should include anteroposterior and 

lateral projections. Ideally, standing (ie, “weight 

bearing”) X-rays should be taken. If a patient is 

unable to stand up, non-weight bearing X-rays are an 
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alternative but may not show misalignments, which 

are more apparent in the standing position.225

Since non-weight-bearing X-rays may not show 

changes, weigh-bearing X-rays should always be requested. 

If the X-ray shows no changes, the diagnosis should 

not be discarded, since such changes are not expected 

at the beginning of the process.221 MRI can be used for 

diagnosis, but changes may be indistinguishable from 

osteomyelitis and must be correlated with clinical and 

laboratory tests, biopsies, and bone cultures.221 If MRI 

is unavailable or contraindicated, scintigraphy, CT, 

or single-photon emission CT may be considered to 

complement diagnosis of active Charcot neuropathic 

osteoarthropathy.226,227

Biochemical markers are generally unaltered in 

Charcot arthropathy, although C-reactive protein 

and erythrocyte sedimentation rate levels can be 

used for di൵erential diagnosis of a lesion due to 

Table 15. Summary of the main recommendations for diabetic foot infection treatment.

Recommendations
Recommendation class and level of 

evidence

1. Determine the presence of infection based on signs and symptoms of local inflammation in 
every diabetic patient with foot ulcers.

Class I/level of evidence C158-162

2. Use the Infectious Diseases Society of America classification system to stratify severity. Class I/level of evidence B90,163,164

3. Use CRP, ESR, or procalcitonin measurement in cases of diagnostic uncertainty. Class IIb/level of evidence C165-170

4. Use plain radiography, the probe-to-bone test, and ESR measurement to diagnose osteomye-
litis.

Class I/level of evidence B171-175

5. Request MRI (preferably) or PET-CT/scintigraphy with marked leukocytes to diagnose oste-
omyelitis only if there is diagnostic uncertainty after initial evaluation.

Class I/level of evidence B176-180

6. Collect cultures aseptically to determine the pathogen involved in all infected diabetic foot 
ulcers.

Class I/level of evidence C145,181-183

7. Collect bone cultures (surgically or percutaneously) to identify the pathogen in cases of 
osteomyelitis, especially when empirical treatment has failed or there is a high probability of 
osteomyelitis and diagnostic uncertainty after imaging tests.

Class IIa/level of evidence C145,181-183

8. Use antibiotic therapy to treat infected diabetic foot ulcers according to the sensitivity profile 
of the likely pathogens involved, infection severity, and previous antibiotic use.

Class I/level of evidence B184-190

9. Start parenteral antibiotic therapy in cases of severe infection; the treatment can be changed to 
an oral regimen after clinical improvement and when feasible from the point of view of tolerance 
and bioavailability.

Class IIa/level of evidence C188-190

10. Do not use topical antibiotics to treat wound infections. Class III/level of evidence B191,192

11. Administer antibiotics for 1-2 weeks for soft tissue infection and 3-4 weeks for improving 
extensive lesions and/or concurrent severe PAD, which may prolong the healing period.

Class IIa/level of evidence C189,190,193-195

12. Administer antibiotics for ≤ 6 weeks in cases of osteomyelitis, evaluating the results in the 
first 2 to 4 weeks, considering new collection or treatment adjustment according to the culture 
results.

Class IIa/level of evidence B196-198

13. Administer a spectrum of antibiotics for the most prevalent gram-positive and gram-negative 
lesions in cases of PAD, previous antibiotic use, or moderate/severe lesions. Add strict anaerobe 
coverage for moderate/severe cases and consider adding coverage for Pseudomonas aeruginosa.

Class IIa/level of evidence C189-195,199

14. Reevaluate and adjust antibiotic therapy according to the culture sensitivity results; do not 
use antimicrobials in non-infected wounds to avoid infection or accelerate healing.

Class I/level of evidence C200,201

15. Consider reevaluating treatment and collecting new cultures if treatment fails after the 
expected time.

Class IIb/level of evidence C13

16. Osteomyelitis treatment may not involve surgical resection of the bone when limited to the 
forefoot. In other cases, consider surgical resection, especially when there is associated soft tissue 
infection.

Class IIb/level of evidence B201-207

17. During surgical bone resection, we suggest collecting a fragment of the remaining bone por-
tion for culture and residual infection assessment.

Class IIb/level of evidence C208-211

18. Antibiotic treatment for osteomyelitis can be shortened if the entire focus is removed from 
the bone and the residual fragment culture is negative. If the culture is positive, continue treat-
ment for 6 weeks.

Class IIb/level of evidence C208-211

19. Do not use hyperbaric oxygen therapy, topical oxygen therapy, routine topical antiseptics, 
silver preparations, or negative pressure therapy to treat ulcers if the only recommendation is to 
treat infection.

Class III/level of evidence B212-215

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; MRI: magnetic resonance imaging; PAD: peripheral arterial disease; PET-CT: Positron emission 
tomography–computed tomography. Adapted from Schaper et al.13
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infection.216,217,219 Eichenholtz divided acute Charcot 

arthropathy into 4 stages, as described in Table 16.218

Treatment

Patients with Charcot arthropathy should be referred 

to a multidisciplinary team for monitoring and care. 

Initial treatment is based on load relief through full cast 

immobilization, which has been successfully used to 

treat the acute phase.229 Immobilization to knee height 

should be begin immediately when active Charcot 

arthropathy is suspected in a diabetic patient with intact 

skin (recommendation class IIa, level of evidence C). 

Early detection, immobilization, and load reduction 

for the diseased foot have been shown to minimize 

development of the deformity.230,231 Immobilization 

should continue until symptoms remit, and patients 

should be followed up with serial radiographs and 

clinical examination of the limb. A di൵erence of < 

2 °C in skin temperature between the limbs and the 

consolidation of bone changes in radiography are 

associated with resolution of the process.217,229

Contraindications to full cast immobilization 

should be considered in patients with actively 

infected ulcers. Patients undergoing treatment must 

be monitored on a weekly basis. After remission of 

the initial phase, orthopedic shoes are recommended 

to prevent recurrence, ulcerations and deformities 

(recommendation class IIa, level of evidence C).217

In addition to orthopedic shoes, chronic phase Charcot 

arthropathy treatment may involve surgery. These 

patients should be referred to a multidisciplinary team 

with an orthopedic surgeon to evaluate possible surgical 

recommendations for preventing ulcerations or disease 

recurrence.232,233 Flowchart 6 outlines an approach to 

diabetic patients with suspected Charcot arthropathy, 

while Table 17 summarizes the main recommendations.

Table 16. Eichenholtz classification modified.

Stage Radiography Clinical Suggested treatment

0 (pre-Charcot – prodromal) Normal. Edema, erythema, heat. Patient education, serial radio-
graphs, discharge with limb 

protection.

1 (development) Osteopenia, fragmentation, sublu-
xations, or joint dislocations.

Edema, erythema, heat, ligament 
changes.

Discharge with limb protection and 
a full cast or removable orthosis 
until radiographic resolution of 
the fragments and temperature 

reduction.

2 (coalescence) Absorption of debris, sclerosis, 
fusion of large fragments.

Reduction of edema, erythema 
and heat.

Use full cast or other protective 
orthoses for discharge.

3 (reconstruction) Consolidation of the deformity, 
fibrous ankylosis, bone fragments 

with smooth, rounded edges.

Absence of edema, erythema, 
warmth, joint stability, and fixed 

deformity.

Shoes adapted for ulcer prevention, 
consider referral to an orthope-
dic surgeon to assess deformity 

correction.

Source: Adapted from Rosenbaum et al.228

Table 17. Recommendations for Charcot arthropathy.

Recommendations
Recommendation class and level of 

evidence

1. In diabetic patients, pay attention to foot fractures since they may develop into Charcot arthropathy. Good clinical practice216,217,220

2. Always consider the possibility of acute Charcot arthropathy as a di�erential diagnosis in diabetic pa-
tients with peripheral neuropathy who present with edema, erythema, and increased foot temperature 
(in relation to the contralateral foot) even in the absence of pain.

Good clinical practice217,221

3. In patients with suspected Charcot arthropathy and intact skin, consider measuring infrared skin 
temperature at the highest temperature sites on the foot or ankle compared to the same points on the 
contralateral limb.

Class IIb/level of evidence C222-224

4. To diagnose Charcot arthropathy, we suggest performing a weight-bearing X-ray and, if suspicion 
remains after normal X-ray results, consider nuclear magnetic resonance imaging.

Class IIa/level of evidence B225,234-236

5. We suggest avoiding C-reactive protein, erythrocyte sedimentation rate, complete blood count, alka-
line phosphatase, or other blood tests in a diabetic patient with suspected active Charcot neuropathic 
osteoarthropathy and intact skin to diagnose or exclude the disease.

Class III/level of evidence C237-242

6. Initiate leg immobilization/weight bearing if Charcot arthropathy is clinically suspected while perfor-
ming confirmation studies.

Class I/level of evidence C229-231

7. We recommend treatment with weight-bearing devices, preferably non-removable ones; if this is not 
possible, use removable devices.

Class IIa/level of evidence C230,231

8. In patients with acute Charcot arthropathy, limb temperature should be clinically monitored each 
week until it is reduced to a di�erence of < 2º; serial radiographs should be performed until there are no 
new changes and bone lesions consolidate.

Class IIa/level of evidence C243,244

Adapted from Milne et al.233
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