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Diabetic Foot Ulcers

دکتر محمد رضا امینی
پژوهشگاه علوم غدد و متابولیسم

1400مرداد ماه 13
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فھرست مطالب

اپیدمیولوژي دیابت و پاي دیابتی•
عوامل خطر بروز زخم پاي دیابتی•
انواع زخم پاي دیابتی•
طبقه بندي زخم پاي دیابتی•
اصول درمان و روش هاي نوین زخم پاي دیابتی •
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Epidemiology 

Region 2017
(million)

2045
(million) Increase

World 425 629 48 %

Western Pacific 159 183 15 %

Europe 58 67 16 %

North America 46 62 35 %

South & Central America 26 42 62 %

Middle East & North Africa 39 67 72 %

South East Asia 82 151 84 %

Africa 16 41 156 %
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8th Edition; IDF Diabetes Atlas: Global estimates of diabetes prevalence
for 2017 and projections for 2045



Epidemiology 
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Diabetes & HbA1c
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DF Epidemiology 

• Prevalence of foot ulcers is 4% - 10%

• Incidence is 1.0% - 4.1%

• Lifetime incidence may be as high as 25%

JAMA. 2005 Jan 12;293(2):217-28. 
Preventing foot ulcers in patients with diabetes. 

Singh N, Armstrong DG, Lipsky BA.
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https://www.ncbi.nlm.nih.gov/pubmed/15644549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15644549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=15644549
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lipsky%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=15644549


One in every four patients with diabetes risk 

developing a DFU in their lifetime

Preventing foot ulcers in patients with diabetes. Singh N, et al. JAMA. 2005 Jan 12;293(2):217-28. 
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15644549
https://www.ncbi.nlm.nih.gov/pubmed/15644549
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• Pecoraro RE, Pathways to diabetic limb amputation. Basis for prevention. Diabetes Care. 1990 May;13(5):513-21.
• Prompers L et al. High prevalence of ischaemia, infection and serious comorbidity in patients with diabetic foot disease in Europe. 

Baseline results from the Eurodiale study. Diabetologia. 2007 Jan;50(1):18-25. Epub 2006 Nov 9
• Wu SC et al. Foot ulcers in the diabetic patient, prevention and treatment Vasc Health Risk Manag. 2007;3(1):65-76. Review

Peripheral arterial disease (PAD) is present in 
nearly 50% 

of patients with diabetes.

Approximately 56% Of DFUs 
become infected.

About 20% of patients with an infected 
wound on the foot will undergo a lower 

extremity amputation.



Globally, one leg is lost every

20 seconds 
Because of diabetes
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Hinchliffe RJ et al. Effectiveness of revascularization of the ulcerated foot in patients with diabetes and peripheral artery disease: 
a systematic review. International Working Group on the Diabetic Foot. Diabetes Metab Res Rev. 2016;32 Suppl 1:136-44
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Diabetes‐related lower‐extremity complications are a leading cause of the global burden of disability, P.A. Lazzarini. et al, 23 May 2018
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Up to 85% 
of amputations can be avoided with 

effective care plan



Definition
(based on WHO definition)

Infection, ulceration or destruction of deep tissues 
associated with 

neurological abnormalities &

various degrees of peripheral vascular diseases 

in the lower limb.
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Etiology

• Three great pathologies come together in the 
diabetic foot: 

–Neuropathy 
–Ischemia
–Infection
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STAGES OF ULCER DEVELOPMENT
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TYPES OF DIABETIC FOOT ULCERS
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Classification

• The diabetic foot can be classified into two 
groups:

Neuropathic foot with palpable pulses

Ischaemic foot without pulses and a varying 
degree of neuropathy
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Types of Diabetic Foot Ulcers

• Neuropathic DFU
• Ischaemic DFU
• Neuroischemic DFU
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The neuropathic foot

• The neuropathic foot may be further divided 
into two clinical scenarios:

1. Foot with neuropathic ulceration

2. Charcot foot, which may be secondarily 
complicated by ulceration
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Sensory Neuropathy

• Burning and tingling sensation that becomes 

more Severe at night

• Muscle cramps

• Lack or loss of feeling in the lower extremities

Boulton AJM .Neuropathic diabetic foot ulcers. N Engl J Med 2004; 351:48-55.
Rosenblum BI. Identifying the patient at risk of foot ulceration. Wounds 2000; 12(Suppl B):7B-11B. 27



Motor Neuropathy

• atrophy or changes in the 
small muscles of the foot

• Muscle weakness

• Limb deformity (claw or 
hammer toes ,increase 
the arch of the foot)

• Abnormal gait patterns
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Autonomic neuropathy

• Heart rate abnormality
• Orthostatic hypotension
• Silent MI
• Impotence

– Retrograde ejaculation

• Distended veins over the dorsum of the foot and ankle
• Pseudo motor dysfunction

– Denervation of sweat glands
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TYPES OF DIABETIC FOOT ULCERS
Ischaemic
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انسداد، تنگی و 
ر کلسیفیکاسیون د

عروق اندام تحتانی 

کاهش جریان 
خون اندام 

تحتانی

از بین رفتن 
ها و ایجادبافت

زخم 



Ischaemic Foot

• The ischaemic foot may be divided into four 
clinical scenarios:
1. Neuroischaemic foot characterized by both ischaemia 

and neuropathy and complicated by ulcer
2. Critically ischaemic foot
3. Acutely ischaemic foot
4. Renal ischemic foot characterized by digital necrosis
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Neuro-Ischaemic Foot
• The most frequent presentation is that of ulceration.
• Ischaemic ulcers are commonly seen on the margins of the 

foot, including the tips of the toes and the areas around the 
back of the heel. 

• They are usually caused by minor trauma or by wearing 
unsuitable shoes. 

• Even if neuropathy is present because the foot does not 
develop heavy plantar callus, which requires good blood flow, 
intermittent claudication and rest pain may be absent 
because of neuropathy and the distal distribution of the 
arterial disease to the leg.
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Critically Ischaemic Foot
• This presents as a pink, often 

painful foot with pallor on 
elevating the foot and rubor on 
dependency.

• The colour of the critically 
ischaemic foot can be a 
deceptively healthy pink or red, 
caused by dilatation of capillaries 
in an attempt to improve 
perfusion 
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Acutely Ischaemic Foot

• This presents initially with sudden pallor and 
the foot becomes mottled
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Renal Ischaemic Foot

• A classical feature 
of this foot is the 
digital necrosis 
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Typical features of DFUs according to etiology

Armstrong DG, Cohen K, Courric S, et al. Diabetic foot ulcers and vascular insufficiency. 
J Diabetes Sci Technol 2011; 5(6): 1591-95.
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CLASSIFICATIONS
DFU
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Classification of DFU

• Classification of ulcerations can facilitate a logical 
to treatment and aid in the prediction of 
outcome.

• Several wound classification systems have been 
created, based on parameters such as:
– Extent of infection
– Neuropathy
– Ischemia
– Depth or extent of tissue loss
– Location 
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Classification of DFU

• Wagner ulcer classification system :
– The depth of ulcer penetration
– The presence of osteomyelitis or gangrene
– The extent of tissue necrosis

• University of Texas diabetic wound classification 
system:
– The depth of ulcer penetration
– The presence of wound infection
– The presence of clinical sign of lower extremity ischemia
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Wagner-Meggitt 
Diabetic Wound Classification System

Grade Lesion 

0 No open lesion, may have deformity or cellulites

1 Superficial diabetic ulcer (partial or full thickness)

2 Ulcer extension to ligament, tendon, joint capsule, or deep fascia
without abscess or osteomyelitis 

3 Deep ulcer with abscess, osteomyelitis , or joint sepsis

4 Gangrene localized to option of forefoot or heel

5 Extensive gangrenous involvement of the entire foot
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Wagner- G 0

No open lesion, may have deformity or cellulites
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Wagner- G 1

Superficial diabetic ulcer (partial or full thickness)
45



Wagner- G 2

Ulcer extension to ligament, tendon, joint capsule, or deep fascia 
without abscess or osteomyelitis 
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Wagner- G 3

Deep ulcer with abscess, osteomyelitis , or joint sepsis
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Wagner- G 4

Gangrene localized to option of forefoot or heel
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Wagner- G 5

Extensive gangrenous involvement of the entire foot
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University Of Texas 
Diabetic Wound Classification System

Stages Description 

Stage A No infection or ischemia

Stage B Infection present

Stage C Ischemia present

Stage D Infection and ischemia present

Grading Description 

Grade 0 Epithelialized wound

Grade 1 Superficial wound

Grade 2 Wound penetrates to tendon or capsules

Grade 3 Wound penetrates to bone or joint
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University Of Texas Classification System

0 1 2 3

A

Pre or postulcerative
lesions ( Epithelialized)

Superficial, not 
involving capsule, 
tendon or bone

PENETRATES TO 
TENDON OR 
CAPSULE

PENETRATES TO 
BONE

B
INFECTION INFECTION INFECTION INFECTION

C
ISCHEMIA ISCHEMIA ISCHEMIA ISCHEMIA

D

INFECTION AND 
ISCHEMIA

INFECTION AND 
ISCHEMIA

INFECTION AND 
ISCHEMIA

INFECTION AND 
ISCHEMIA
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King’s Classification
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PEDIS Classification
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Classifications of 
Diabetic Foot Infection

Clinical Manifestation of Infection PEDIS 
Grade

IDSA 
Infection 
Severity

No symptom or signs of infection 1 Uninfected

Local infection involving only the skin and subcutaneous tissue. 
If erythema, must be > 0.5 cm to ≤ 2 cm around the ulcer. 
Exclude other causes of an inflammatory response of the skin:
Trauma, Gout, Acute Charcot, Fracture, Thrombosis, Venous stasis

2 Mild

Local infection with erythema > 2 cm, or involving structures deeper 
than skin and subcutaneous tissues ( abscess, osteomyelitis,  septic 
arthritis, fasciitis) and No systemic inflammatory response signs(SIRS)

3 Moderate

Local infection with signs of SIRS, as manifested by ≥ 2 of following :
-Temperature > 38 °c or < 36 °c
-Heart rate > 90 beats/min
-Respiratory rate > 20 breaths/minor Paco2 < 32 mmHg
-WBC count > 12000 or < 4000 cell/µl or ≥ 10% immature (band) forms

4 Severe
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WIfI Classification

55



SINBAD Classification
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DFUS 
PRINCIPLE & NOVEL OF TREATMENT
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Multidisciplinary DF Management
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Modern management of 
the diabetic foot

1. Assessment
2. Classification
3. Staging
4. Intervention
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Assessment
1. Neuropathy
2. Ischaemia
3. Deformity
4. Callus
5. Edema
6. Skin Disorders
7. Infection
8. Necrosis
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Classification



Staging 
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Stage 1: Normal foot

Stage 2: High-risk foot

Stage 3: Ulcerated foot

Stage 4: Infected foot

Stage 5: Necrotic foot

Stage 6: Unsalvageable foot



Intervention

1. Wound Control

2. Microbial Control

3. Mechanical Control

4. Vascular Control

5. Metabolic Control

6. Educational Control
68



Wound Healing Process
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Factors affecting on wound healing

Local
• Necrotic tissue
• Infection/ Biofilm 
• Exudate
• MMPs
• Growth factors
• Tissue hypoxia
• Repeated trauma
• Edema
• Irradiation

• Local
• Diabetes 
• Age
• Malnutrition
• Immunodeficiency
• Obesity
• Smoking
• Anemia
• Immunosuppressive 

therapy
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T.I.M.E

71



Wound bed preparation
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Triangle Wound Assessment
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Wound Control
Debridement

 Definition: 
Debridement is the process of remo
ving nonliving tissue from pressure
ulcers, burns, and other wounds.

 Types:
 Autolytic
 Mechanical
 Biological
 Ultrasonic
 Hydrosurgical
 Sharp
 Surgical
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Principal of Debridement: The Diabetic Foot, June 2004



Targets of debridement

• Remove
– Necrosis
– Slough
– Callus
– Sources infection
– Exudate
– Pus
– Foreign bodies
– Haematomas

• Decrease
– Odour
– Excess moisture
– Risk of infection

• Stimulate
– Wound edges
– Epithelialisation

• Improve
– Quality of life
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(Wounds UK, 2013; Strohal et al,  2013). 
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 To decrease purulent wound drainage

 To promote wound granulation and healing

 To prevent undue contamination of wound

 To assist the homeostasis and prevention of bleeding

 To keep the open wound warm

 The main objective of dressing  include: moisture regulation 
and facilitate of epithelial tissue

77
Australian Wound Management Association Inc. (August 2011). 

Bacterial impact on wound healing: From contamination to infection. Position Paper, Version 2.

Wound Control 
Dressing



• Absorbent Dressings: Alginate, Foam, Hydrofiber

• Moisture keeping Dressings: Film, Hydrocolloid

• Moisture Released Dressings: Hydrogel

• Antimicrobial Dressings: Silver, Iodine dressing 
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Categories of Wound Dressings



Dressing

Wounds

Necrotic

Hydrogel

Hydrocolloid

Sloughy

Hydrogel

Hydrocolloid

Foam

Alginate

Exudate

Foam

Alginate

Granulating

Hydrocolloid

Foam

Epitheliazing

Hydrocolloid

Foam

Non-adherant
dressing



Microbial Control
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Microbial Evaluation
•Plain radiograph of the right foot 
of last patient Osteomyelitis of the fifth 
metatarsal head and the proximal phalanx 
of the fifth toe, subluxation of the 
metatarsophalangeal joint, calcificationof 
the digital artery between the first two 
metatarsals and osteoarthritis of the first 
distal phalangophalangeal joint of the 
hallux .
•Diabetic Foot MRI
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Vascular Control
• Studies reported herein 

appear to demonstrate 
improved rates of limb 
salvage associated with 
revascularization 
compared with the 
results of non-
revascularized patients 
with diabetes, PAD and 
ulceration
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Mechanical Control

 Offloading is required you to 

keep all weight off of the 

extremity that has the ulcer. 

 Casting and prefabricated 

healing devices 

 Therapeutic footwear 
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NOVEL TREATMENTS
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Advanced Hydrosurgery Technology
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Sonography assisted Debridement
Soring



Maggot Therapy
• Maggot therapy (maggot 

debridement therapy (MDT) is a type 
of biotherapy involving the introduction of live, 
disinfected maggots (fly larvae) into the non-
healing skin and soft tissue wound(s) of a 
human or animal for the purpose of cleaning 
out the necrotic (dead) tissue within a wound 
(debridement) and disinfection.

• Diversity of wound types
• Remove necrotic flesh
• Antimicrobial properties (MRSA)
• Promote Wound Healing
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HYDROMECHANICAL DEBRIDEMENT SYSTEM 

• Advanced Wound Irrigation
• Safely Debride a Wide Variety of Wounds 

• Indications:
– Chronic and acute wounds
– Partial- and full-thickness wounds
– Pressure injuries I-IV
– Venous stasis ulcers
– Arterial ulcers
– Diabetic ulcers
– Traumatic wounds
– First- and second-degree burns 

• Contraindications:
– Gangrene
– Deep soft tissue infection – untreated necrotizing fasciitis
– Exposed soft organ tissues
– Exposed vascular structures,

grafts or hardware
– Untreated malignancy 



Negative-pressure wound therapy
• Negative-pressure wound therapy (NPWT) is a 

therapeutic technique using a vacuum dressing 
to promote healing in acute or chronic wounds 
and enhance healing of second and third degree 
burns. 

• The therapy involves the controlled application of 
sub-atmospheric pressure to the local wound 
environment, using a sealed wound dressing 
connected to a vacuum pump.

• NPWT appears to be useful for diabetic 
ulcers and management of the open abdomen 
(laparotomy) .

89

Xie, X.; McGregor, M.; Dendukuri, N. 
(November 2010). "The clinical effectiveness of 
negative pressure wound therapy: a systematic 
review". Journal of Wound Care. 19(11): 490–5.



Hydrogel dressing 



Biocellular Membrane Dressing



Ozone Therapy
• Oxidative stress is 

suggested to have an 
important role in the 
development of 
complications in diabetes. 

• Because ozone therapy can 
activate 
the antioxidant system, 
influencing the level of 
glycemia and some 
markers of endothelial 
cell damage.

92

Therapeutic efficacy of ozone in patients with diabetic foot
Gregorio Martínez-Sánchez and etc., European Journal of Pharmacology
Volume 523, Issues 1–3, 31 October 2005, Pages 151–161



Carbon Dioxide Therapy



Hyperbaric Oxygen Therapy (HBOT)

94

 Hyperbaric oxygen therapy (HBOT) is breathing 
100% oxygen while under increased atmospheric 
pressure.

 The experimentally demonstrated effects of 
HBOT on improving wound tissue hypoxia, 
enhancing perfusion, reducing edema, down 
regulating inflammatory cytokines, promoting 
fibroblast proliferation, collagen production, and 
angiogenesis make it a useful adjunct in clinical 
practice for “problem wounds,” such as diabetic 
foot ulcers .

 HBOT is also touted for eradicating difficult to 
treat soft tissue and bone infections by 
mechanisms that include killing microorganisms, 
improving leukocyte and macrophage function, 
and enhancing the effect of antimicrobials.

Hyperbaric Oxygen Therapy for Diabetic Foot Wounds
Benjamin A. Lipsky, Diabetes Care 2010 

May; 33(5): 1143-1145.



Laser therapy
 The wounds in subjects treated with LLLT 

contracted significantly more than the 
wounds in the non-treated group which 
indicates that LLLT is an effective modality to 
facilitate wound contraction in patients 
suffering from diabetes and can be used as 
an adjunct to conventional mode of 
treatment (dressings and debridement) for 
healing of diabetic wounds.

• The clinical efficacy of LLLT in wound 
healing has been reported. 

• It has been found to significantly decrease 
the time of wound healing .

95
Efficacy of Low Level Laser Therapy on Wound Healing in Patients with Chronic Diabetic Foot Ulcers

Indian J Surg. 2012 Oct; 74(5): 359–363. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3477409/


Shockwave Therapy



Plasma Medicine
 Hospital hygiene
 Antifungal treatment
 Dental care
 Skin disease
 Chronic wound
 Cosmetic
 Blood coagulation
 Pharmaceutical process
 Cancer treatment
 Improvement of proliferation of human cells
 Triggering of apoptosis on cells
 Painless
 Safe
 No Contact
 No Complications
 Non-destructive to tissue
 Effective in inactivation of various parasites and foreign organisms
 High bactericidal effectiveness
 Easy access into narrow and confined spaces

97



Bioimplant
 The bioimplant dressing 

was significantly superior 
to the wet dressing in 
prompting the complete 
healing of DFUs. 

 Ease of use, absence of 
adverse effects, and a 
facilitated wound healing 
process are among 
properties of amniotic 
membrane that make it an 
appropriate dressing in the 
management of DFUs. 

98

Comparison of a Bioimplant Dressing With a Wet Dressing for the Treatment of 
Diabetic Foot Ulcers: A Randomized, Controlled Clinical Trial.
Wounds. 2016 Jul;28(7):248-54.

https://www.ncbi.nlm.nih.gov/pubmed/27428720


Extracellular Matrix
• It is indicated to treat the following types of chronic 

and acute wounds: 
– Abrasions
– Burns (second-degree only), 
– Chronic vascular ulcers
– Diabetic ulcers
– Donor sites
– Lacerations
– Pressure ulcers 
– Post-surgical dermal wounds 
– Skin tears
– Venous ulcers



Skin Graft
 Split-skin grafting is an effective 

method of managing diabetic foot 
ulcers as, compared with the 
conservative dressings , it reduced 
healing times and the length of 
hospital stay, while donor-site 
morbidity was minimal.

• Two artificial skin materials are 

commercial available, Apligraf and 

Dermagraf.
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Split-skin graft in the management of diabetic foot ulcers.
J Wound Care. 2008 Jul;17(7):303-6.

http://www.ncbi.nlm.nih.gov/pubmed/18705232


Dermacell



Platelet-Rich Plasma
• Platelet-rich plasma is an 

autologous source of platelet-
derived growth factor and 
transforming growth factor beta 
that is obtained by sequestering 
and concentrating platelets by 
gradient density centrifugation.

• The use of autologous platelet-
rich plasma (PRP), which is rich in 
multiple growth factors, may bear 
some similarities to the natural 
wound healing process. 

102

Treatment of a Non-Healing Diabetic Foot Ulcer 
With Platelet-Rich Plasma, Deepak H Suresh and etc,
J Cutan Aesthet Surg. 2014 Oct-Dec; 7(4): 229–231.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4338469/


Stem Cell Therapy
• Stem cells are a 

promising treatment 
for DFUs as they are 
capable of targeting, as 
well as bypassing, the 
underlying abnormal 
healing mechanisms 
and deranged cell 
signaling in diabetic 
wounds and promote 
healing.
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The role of stem cells in the treatment of diabetic foot ulcers.
Diabetes Res Clin Pract. 2012 Apr;96(1):1-9. 

http://www.ncbi.nlm.nih.gov/pubmed/22142631


Antioxidant wound dressing



ANGIPARSTM

105

No side effects
More effective than standard 
therapy
Can be used in all types of diabetic 
ulcers
Decreased mean duration of 
hospital stay
Decreased direct and indirect
costs
Beneficial effects even after 
discontinuation
Decreased amputation rate



Thank You
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