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Abstract
Diabetic foot ulceration is a devastating complication of diabetes that is associated 
with infection, amputation, and death, and is affecting increasing numbers of 
patients with diabetes mellitus. The pathogenesis of foot ulcers is complex, and 
different factors play major roles in different stages. The refractory nature of foot 
ulcer is reflected in that even after healing there is still a high recurrence rate and 
amputation rate, which means that management and nursing plans need to be 
considered carefully. The importance of establishment of measures for prevention 
and management of DFU has been emphasized. Therefore, a validated and 
appropriate DFU classification matching the progression is necessary for clinical 
diagnosis and management. In the first part of this review, we list several 
commonly used classification systems and describe their application conditions, 
scope, strengths, and limitations; in the second part, we briefly introduce the 
common risk factors for DFU, such as neuropathy, peripheral artery disease, foot 
deformities, diabetes complications, and obesity. Focusing on the relationship 
between the risk factors and DFU progression may facilitate prevention and 
timely management; in the last part, we emphasize the importance of preventive 
education, characterize several of the most frequently used management 
approaches, including glycemic control, exercise, offloading, and infection control, 
and call for taking into account and weighing the quality of life during the 
formulation of treatment plans. Multidisciplinary intervention and management 
of diabetic foot ulcers (DFUs) based on the effective and systematic combination 
of these three components will contribute to the prevention and treatment of 
DFUs, and improve their prognosis.

Key Words: Diabetes; Diabetes foot ulceration; Classification; Diabetes complications; 
Clinical management; Lower limb complications
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Core Tip: Diabetic foot ulcers (DFUs) are a common complication of diabetes. The high recurrence and 
amputation rates associated with DFUs reflect an urgent need to improve care and treatment methods, 
highlighting the importance of a comprehensive investigation of the important components of clinical 
diagnosis and treatment. This article reviews the classification and risk factors of DFUs and summarizes 
the common clinical management approaches.

Citation: Wang X, Yuan CX, Xu B, Yu Z. Diabetic foot ulcers: Classification, risk factors and management. World 
J Diabetes 2022; 13(12): 1049-1065
URL: https://www.wjgnet.com/1948-9358/full/v13/i12/1049.htm
DOI: https://dx.doi.org/10.4239/wjd.v13.i12.1049

INTRODUCTION
The prevalence of diabetes mellitus (DM) is rapidly spreading at an alarming rate worldwide[1]. DM is 
known to damage multiple organs, including the heart, kidney, eye, and nerves, leading to complic-
ations such as heart attack, stroke, blindness, kidney failure, and lower limb amputation. Diabetic foot 
ulcer (DFU) is a frequent complication that occurs in approximately 6.3% of patients with DM globally
[2]. The high incidence of DFU and the associated mortality and morbidity are the most common 
reasons for hospitalization of diabetes patients. Early in the course of DM, patients experience serious 
foot sensitivity symptoms such as pain and tingling, while later stages of the disease course are charac-
terized by negative symptoms such as numbness and weakness of the toes. With the progression of the 
disease, patients usually show mixed pain sensitivity and dullness, along with decreased limb sensation 
and motor function, which lead to imbalance and unsteadiness and increase the likelihood of falls[3,4]. 
In addition, because of the increasing morbidity, DFU is a leading cause of non-traumatic amputation 
and is associated with an increased risk of death[5].

The high incidence and intractability of DFU extract a substantial cost in terms of reduced 
productivity and increased healthcare-related expenses. Appropriate and prompt treatment of DFU 
requires a multifaceted approach, including timely and correct diagnosis and classification, multiple 
assessments of risk factors, and appropriate choice of management, all of which should be based on the 
patient’s actual condition. This primer will present the current knowledge of the potential pathogenesis 
of DFU, discuss the clinical classification of DFU, highlight the corresponding approaches to diagnosis 
and common management techniques, and close with a call that more attention and feasible 
interventions are required for DFU management.

DEFINITION AND CLASSIFICATION OF DFU
Definition
The practical guidelines formulated by the International Working Group on the Diabetic Foot (IWGDF) 
defined DFU as a set of symptoms secondary to current or previous diabetes, including skin chapping, 
ulceration, infection, or destruction of foot tissue, which partly reflects the fuzzy and imprecise nature of 
this concept[6,7]. DFU is a complicated and multifactorial clinical problem that affects many patients 
with diabetes, who experience ulceration and infection, invariably with neuropathy and/or peripheral 
artery disease (PAD), that disrupt the foot epidermis and dermis, breach the skin envelope, expose 
sterile structures, and finally form full-thickness lesions[8]. In the Western world, more than 60% of non-
traumatic amputations involve DFU, which leads to an increase in hospitalization rate and mortality[9] 
and causes reduced quality of life (QoL). Moreover, treatments based on amputation impose a heavy 
burden on the economic and health resources of patients with diabetes[10].

Classification
The multiple factors associated with the development of DFU, such as the complex process and complic-
ations of diabetes, may all lead to various degrees of neurological abnormalities and vascular damage 
(known as neuropathy and PAD)[11]. Once the ulcer is formed, the factors affecting healing may be 
more complex, and different factors may dominate at different stages over time. Thus, these related 
factors play different roles depending on the severity of disease and duration of recovery, necessitating 
different diagnoses and treatments for seemingly the same symptoms and causing differences in the 
curative effect[12]. In these circumstances, the classification and scoring criteria for describing lesions of 
DFU should be formatted in a manner that is clinically recognized and widely used, which will allow 
characterization of DFU on the basis of differences and facilitate suggestions for treatment or care 
programs.

https://www.wjgnet.com/1948-9358/full/v13/i12/1049.htm
https://dx.doi.org/10.4239/wjd.v13.i12.1049
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Considering the different audiences and objectives of the classification and scoring systems, no 
universally accepted system has been published to date. Various systems are used to describe and assess 
the severity of DFU, and three types of key factors contributing to the scoring system have been 
proposed, namely, patient-related, limb-related, and ulcer-related factors, which reflect end-stage renal 
failure, PAD, and loss of protective sensation, along with classification of the wound grade[13]. Most 
systems set scoring criteria based on the size and characteristics of the wound, such as size, depth, 
ischemia, and infection, allowing characterization of the lesion, while risk factors such as neuropathy 
and peripheral arterial occlusive disease are incorporated when clinical interventions or preventive 
guidance are required[14,15]. In this section, we will introduce several major systems and summarize 
their characteristics and applications.

The Meggitt-Wagner system: This system, which was described by Meggitt in 1976 and disseminated 
by Wagner in 1979, was once the most widely used system[16-18]. It is a six-grade classification system 
mainly covering the depth of the ulcer and the degree of tissue necrosis[19] (Table 1). This system, 
which is essentially wound-based, is intuitive and simple to use, but since it does not consider clinical 
parameters such as peripheral neuropathy and PAD, it cannot distinguish between infection and 
ischemic lesions, which is also related to its recognized imprecision and limitations[20].

The University of Texas classification system: The classification system proposed by the University of 
Texas (UT) takes some common clinical signals and symptoms of DFU into consideration by using a 4 × 
4 matrix assessing ulcer depth horizontally and infection and ischemia status vertically[15,21] (Table 2). 
Since it aims to divide patients into four categories depending on whether they are infected or ischemic 
on the premise of distinguishing the depth of ulcer, the UT system is more helpful to predict amputation 
than the Meggitt-Wagner system, which simply classifies the ulcer condition[21,22].

The size (area, depth), sepsis, arteriopathy, denervation system: The size (area, depth), sepsis, 
arteriopathy, and denervation [S(AD)SAD] system was proposed in 1999 and is mainly designed for 
clinical audits[23]. The system was first verified in 2004, and in order to further refine the classification 
of ulcers for prospective research, some criteria missing from the UT system were included 
subsequently[24]. This system contains five elements that are scored in grades 0-3 according to severity, 
namely, size (area, depth), infection (sepsis), ischemia (arteriopathy), and neuropathy (denervation), 
and uses acronyms to facilitate memorization and feature generalization[24] (Table 3). The advantage of 
this system lies in its ability to allow specific recording of ulcers without requiring professional testing 
technology and equipment, facilitating its usage in clinics. However, because of the multiple 
descriptions of characteristics and irregular details of ulcers, the system is difficult to remember for 
operators, which may be the reason why the S(AD)SAD system is considered to be more suitable for 
audits while the UT system is used for clinical description and communication[25,26].

The site, ischemia, neuropathy, bacterial infection, area, depth system: A simplified and refined form 
of the S(AD)SAD system, the site, ischemia, neuropathy, bacterial infection, area, depth (SINBAD) 
system, was proposed to reduce the difficulties in clinical use caused by the inclusion of more 
complicating criteria while retaining the descriptions of ulcer characteristics to the maximal extent 
possible[12,27]. The SINBAD system still contains five elements (area, depth, infection, ischemia, and 
neuropathy), and grades each element as either 0 or 1 point to create an evaluation system with scores of 
0-6 for description of increasing severity[27] (Table 4). The modified system is simple but sufficiently 
robust and allows collection of the necessary information without specialist equipment, except for 
routine clinical examinations[13]. It has been proven to have moderate inter-observer and excellent 
intra-observer reproducibility and may help accurately describe the progress of ulcers, including 
healing and the need for amputation, which was confirmed by the fact that IWGDF recommends the 
SINBAD system[28].

The Wound, Ischemia, and foot Infection system: Because of the rising prevalence of neuroischemic 
ulcers, the dichotomy for ischemia in the existing systems lacks effective severity grading and cannot 
meet clinical requirements. In 2014, the Wound, Ischemia, and foot Infection (WIfI) system was 
proposed by the Society for Vascular Surgery Lower Extremity Guidelines Committee, and it covered 
the three most important risk factors that may cause amputation of lower limbs: WIfI[29]. The three 
factors are assigned scores from 0 to 3, of which the wound is graded on the basis of size, depth, 
severity, and anticipated difficulty in achieving wound healing; ischemia is rated on the basis of ABI 
gradation; and foot infection is rated on the basis of the scope and depth of the wound[29] (Table 5). 
Clinical studies have suggested that this system primarily offers value in predicting major amputation
[30]. In patients with DFU and vascular disease, the WIfI system is recommended to evaluate perfusion 
and vascular function and help rapidly implement revascularization and/or drainage[31]. Since the 
evaluation of foot perfusion indices requires specialist measurements, assessments using this system 
require expertise in vascular intervention, indicating that it is not ideal for use in primary and/or 
community care[13].
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Table 1 Wagner classification system

Grade Ulcer depth

0 Pre-ulcerative area without open lesion

1 Superficial ulcer (partial/full thickness)

2 Ulcer creep to tendon, capsule, bone

3 Stage 2 with abscess, osteomyelitis, or joint sepsis

4 Localized gangrene

5 Global foot gangrene

Table 2 University of Texas classification system[21]

Grade 0 Grade 1 Grade 2 Grade 3

Pre- or post- 
ulcerative site

Superficial wound not involving 
tendon, capsule, or bone

Wound penetrating to 
tendon or capsule

Ulcer penetrating to 
bone of joint

Lesions without infection 
or ischemia

Infected/non-ischemic 
lesions

Ischemic noninfected 
lesions

Ischemic infected lesions

Table 3 Size (area, depth), sepsis, arteriopathy, denervation system

Size
Grade

Area Depth Sepsis Arteriopathy Denervation

0 Skin intact Skin intact None Pedal pulses present Pin pricks intact

1 < 1 cm2 Superficial (skin and subcutaneous tissue) Surface Pedal pulses reduced or one missing Pin pricks reduced

2 1-3 cm2 Tendon, periosteum, joint capsule Cellulitis Absence of both pedal pulses Pin pricks absent

3 > 3 cm2 Bone or joint space Osteomyelitis Gangrene Charcot

RISK FACTORS FOR DFU
DFU is caused by multiple interacting risk factors, of which the most common major identified factors 
include diabetic neuropathy (DPN), PAD, and foot deformities. These factors can be further divided into 
different degrees according to the severity[32-36]. In this section, the main risk factors are listed and 
introduced.

Neuropathy
The neuropathy induced by diabetes is a symmetric polyneuropathy that affects the sensory, motor, and 
autonomic components of the peripheral nerves to varying degrees[37]. Epidemiological data shows 
that neuropathy is responsible for 16%-66% of the cases of diabetic foot syndrome[38], and patients with 
neuropathy are prone to show relapse after healing, eventually leading to lower limb amputation[39]. 
DPN results in the loss of protective sensation, usually starting in a symmetrical and sock-like manner. 
Small and unmyelinated nerve fibers responsible for conducting afferent sensory perception, like C-type 
fibers, are the first to be damaged, resulting in tissue damage due to poor perception of trauma and/or 
mechanical stress. Thus, the relatively minor damage will continue to accumulate and result in a 
progressively worsening wound with difficulty in healing[33].

Motor neuropathy causes atrophy of foot muscles by denervation of specific muscle groups, which 
directly affect the function of the foot. Since the small muscles of the foot, like the extensor digitorum 
brevis and lumbrical and interosseous muscles, are paralyzed gradually, the anatomy of the foot arch 
changes, and the metatarsophalangeal joints (MTPJs) become hyperextended or over-contracted[40,41]. 
The joints remain movable in the initial stage, but with aggravation of the symptoms, the 
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Table 4 Site, ischemia, neuropathy, bacterial infection, area, depth system[13]

Category Definition Score

Forefoot 0Site

Midfoot and hindfoot 1

Pedal blood flow intact: At least one palpable pulse 0Ischemia

Clinical evidence of reduced pedal flow 1

Protective sensation intact 0Neuropathy

Protective sensation lost 1

None 0Bacterial infection

Present 1

Ulcer < 1 cm2 0Area

Ulcer ≥ 1 cm2 1

Ulcer confined to skin and subcutaneous tissue 0Depth

Ulcer reaching muscle, tendon or deeper 1

Total possible score 6

Table 5 Wound, Ischemia, and foot Infection system

Wound Ischemia Foot infection system

Grade
Clinical features ABI 

(mmHg)
ASP 
(mmHg)

Toe 
pressure, 
TcPO2 
(mmHg)

Clinical manifestations

0 No ulcer no gangrene ≥ 0.80 > 100 ≥ 60 No symptoms or signs of infection. Infection present, as 
defined by the presence of at least two of the following 
items: (1) Local swelling or induration; (2) Erythema 0.5 
cm-2 cm around the ulcer; (3) Local tenderness or pain; (4) 
Local warmth; and (5) Purulent discharge (thick, opaque to 
white, or sanguineous secretion)

1 Small, shallow ulcer(s) on the distal leg or 
foot; no exposed bone, unless limited to the 
distal phalanx

0.6-0.79 70-100 40-59 Local infection involving only the skin and the 
subcutaneous tissue exclude other causes of an inflam-
matory response of the skin (e.g., trauma, gout, acute 
Charcot neuro-osteoarthropathy, fracture, thrombosis, and 
venous stasis)

2 Deeper ulcer with exposed bone, joint, or 
tendon generally not involving the heel; 
shallow heel ulcer without calcaneal 
involvement, gangrenous changes limited to 
digits

0.4-0.59 50-70 30-39 Local infection with erythema > 2 cm, or involving 
structures deeper than skin and subcutaneous tissues (e.g., 
abscess, osteomyelitis, septic arthritis, and fasciitis), and no 
systemic inflammatory response signs

3 Extensive, deep ulcers involving forefoot 
and/or midfoot; deep, full-thickness heel 
ulcers with or without calcaneal 
involvement, extensive gangrene involving 
the forefoot and/or midfoot; full-thickness 
heel necrosis with calcaneal involvement

≥ 0.39 < 50 < 30 Local infection with signs of SIRS, as manifested by two or 
more of the following: (1) Temperature > 38 °C or < 36 °C; 
(2) Heart rate > 90 beats/min; (3) Respiratory rate > 20 
breaths/min or PaCO2 < 32 mmHg; and (4) White blood 
cell count > 12000 or < 4000 cu/mm or 10% immature 
bands

ABI: Ankle-brachial index; ASP: Ankle systolic pressure; TcPO2: Transcutaneous oxygen pressure; SIRS: Systemic inflammatory response syndrome.

interphalangeal joints show flexion and malpositioning, leading to foot deformity[42,43]. Clinically, 
motor neuropathy often presents with sensory damage. The combination of motor and sensory 
neuropathy results in an unequal foot load and insecure gait with pain insensitivity, and the deformed 
joints and over-pressure-loaded plantar are constantly worn and develop hyperkeratosis over time, 
promoting the development of ulcers[32,43-45].

Autonomic system dysfunction is thought to be responsible for the pathogenesis of ulceration. 
Sweating dysfunction caused by autonomic neuropathy causes overheating of the skin through 
increased deeper blood perfusion, resulting in anhidrotic and fissural skin and a broken dermal barrier 
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and diminishing the effectiveness of the skin as a barrier against microbial invasion[32,46]. Moreover, 
the increased glycation of keratin aggravates the ulcers by causing the skin to become thick and 
squeezing the soft tissue that it covers[47].

PAD
PAD is a clinical term that is classically used to summarize the various diseases that affect the 
noncardiac and non-intracranial arteries and result in complete or partial occlusion of the peripheral 
arteries of the upper and/or lower limbs, leading to tissue ischemia and blood supply insufficiency[48,
49]. PAD is another equally important contributor to neuropathy in the occurrence of leg ulcers and 
amputation[50]. The frequency of lower limb amputations in diabetes patients with PAD is higher than 
that in those without PAD, which may be related to a stronger association with DM in limbs below the 
knee because the arteries of the lower limbs, especially distal arteries like the dorsalis pedis artery, are 
mostly involved in DM[51-53]. Among DM patients with PAD characterized by occlusion of the lower 
limb arteries, one-third will experience intermittent claudication described as pain, cramp, and/or 
numbness of the affected limb, which occurs when exercising and at rest[52,54]. Long-term intermittent 
claudication causes progressive dysfunction and disability, and in combination with an impaired 
vasodilatory response to plantar pressures, it can result in critical limb ischemia, thus leading to foot 
ischemic ulceration and amputation[55-57].

Foot deformities
Together with neuropathy and trauma, foot deformity was reconfirmed by the Task Force of the Foot 
Care Interest Group of the American Diabetes Association as a most common triad of causes that 
interact and ultimately result in ulceration[34,58]. Common structural foot deformities include 
interphalangeal joint deformity, MTPJ deformity, pes cavus, and pes equinus[59]. The most prevalent 
and common deformity in DM patients is MTPJ deformity, including hammer-and-claw toes charac-
terized by hyperextension of interphalangeal joints, and hallux valgus characterized by outward tilting 
of the first MTPJ[58,60].

At present, the specific course of foot deformities in patients with DM is not clear. The widely 
accepted pathogeny is associated with muscle atrophy, decreased joint mobility, and uneven force on 
the sole as a result of motor neuropathy[58,59,61]. In DM patients, the musculoskeletal components are 
destroyed, which is embodied by the atrophy of intrinsic and extrinsic foot muscle and fatty infiltration
[62-64]. The atrophy of small muscles like the extensor digitorum brevis and/or interosseous muscles 
directly affects the stability of joints and the function of the foot by destroying the structure of joints and 
leading to MTPJ hyperextension and interphalangeal joints hypercurvation[33,65,66]. Moreover, because 
of incorrect overpressure, the mobility of joints gradually decreases, further aggravating the pressure on 
the bony prominences, particularly the metatarsal head[67]. Persistent exposure to repetitive and 
excessive pressure causes deformation of the metatarsal head, and pressures exceeding the threshold 
may lead to prolonged ischemia, causing the skin below to weaken and break down[68-71]. Meanwhile, 
blood supply recovery after ischemia caused by pressure changes can lead to reperfusion injury. These 
ischemia-reperfusion cycles may trigger an excessive inflammatory response, further aggravating the 
tissue injury, which is considered to be another cause of pressure ulcers[72,73].

Other factors also contribute to ulcer formation by increasing plantar pressure. Hyperkeratosis refers 
to a thickening of calluses caused by sustained increasing plantar pressure, and is a crucial factor that 
always precedes ulcer formation[59,74]. Callus thickening has been reported frequently in the plantar 
area of the metatarsal heads, the heel, and the middle of the big toe[59]. Once formed, it adds gentle but 
sustained pressure on the underlying soft tissue, and in combination with other pressures, it leads to the 
formation and rupture of ulcers[58,75]. Another common factor is pathological changes in the tendon, 
like an increased Achilles tendon size and abnormal tendon structure[76-78]. Thickened fascia and 
tendon limit joint activity and weaken ankle dorsiflexion, also accelerating the formation of ulcers[62,
79].

DFU PREVENTION AND MANAGEMENT
The existing management systems for DFU have gradually expanded on the basis of the three principles 
established by Treves[80], namely, sharp debridement, offloading, and education. In this section, several 
commonly used management approaches and their applications are listed, indicating that multidiscip-
linary DFU care will eventually become the mainstream approach.

Preventive education
Foot care education and self-examination represent the cornerstone and the primary protective factor in 
DFU prevention[81]. Comprehensive foot care and intensive nursing education together with patient 
education are reported to be simple, feasible, and strongly effective for DFU prevention[82,83]. For 
physicians and/or podiatrists, periodic evaluation of arterial perfusion in patients with DM, especially 
those with peripheral neuropathy and/or foot deformity, which are the main predictive risk factors for 



Wang X et al. Review on DFUs

WJD https://www.wjgnet.com 1055 December 15, 2022 Volume 13 Issue 12

DFU, may help improve the foot condition. For medical institutions, strengthening publicity on 
preventive measures to improve patients’ self-management is important and increasingly urgent[84]. 
The popularization of self-management should include multiple aspects like foot hygiene instruction, 
proper footwear use, skin lesion self-examination, and foot sensation self-evaluation. Guiding and 
encouraging patients to wash feet with water at a moderate temperature, keeping feet clean and dry, 
and inspecting the condition and checking the color of foot skin can help effectively avoid cracks caused 
by autonomic neuropathy and usual redness of the skin caused by overpressure[81]. For patients, more 
than improvements in self-management, regular screening for diabetes complications such as 
ophthalmic complications are essential and more cost-effective than no screening[82].

Debridement
Debridement can be performed by surgical and non-surgical methods, and both of them are used to 
remove nonviable or devitalized tissue from the wound bed to accelerate granulation tissue formation 
and re-epithelialization, which promote wound healing[85]. Experts have considered surgical 
debridement as the formation of a “new acute wound”, since the nonviable tissue has to be debrided 
down to the bleeding tissue[33]. This mechanical separation is impossible without damaging normal 
tissues. The surgical removal of superficial necrotic and hyperkeratotic tissue caused by repeated 
pressure on the foot is essential for wound healing, and it is necessary for deep wounds with bone and 
soft tissue involvement. Non-surgical debridement includes autolytic debridement with hydrogels, 
enzymatic debridement, biosurgery, and mechanical debridement with hydrotherapy[86]. Medicinal 
maggots have shown the ability to remove nonviable tissue selectively and may reduce the risk of 
secondary superinfection[33], which may lead to a shortened period of wound-healing progression[87].

Glycemic control
The close relationship between blood glucose levels and the progression of diabetes complications has 
been reported extensively in the literature[88]. Intensive glycemic control in patients with DM has been 
reported to delay the occurrence of retinopathy, peripheral neuropathy, and nephropathy, all of which 
are the main risk factors for DFU, and thus show a positive correlation with wound healing. Various 
studies evaluated and reported the positive correlation of glycemic control and DFU outcomes[39,89,
90]. Hemoglobin A1c (HbA1c) is an important clinical predictor of wound healing that shows an 
increase of 1% when wound healing decreases by 0.028 cm2. In the Diabetes Control and Complications 
Trial, intensive glycemic control reduced the incidence of microvascular complications, including DPN, 
and a 1% decrease in the HbA1c level was accompanied by a 37% reduction in microvascular complic-
ations in the United Kingdom Prospective Diabetes Study[91].

Nevertheless, the definition of intensive beneficial glycemic control differs across trials and 
guidelines. The International Diabetes Federation recommended an HbA1c level lower than 6.5%[92], 
whereas the American Diabetes Association subdivided and specified the standards for older adults
[93], children[94], and pregnant women[95], and recommended an HbA1c goal below 7% for 
nonpregnant adults[96]. One review of nine randomized controlled trials found that intensive glycemic 
control based on a target HbA1c level of 6% to 7.5% was associated with a 35% reduction in the risk of 
amputation in patients with diabetic foot syndrome[97,98].

However, the benefits and adverse effects of intensive glycemic control are still unclear[39]. Acute 
glycemic control did not show a relationship with the wound outcomes and amputation rate in DFU 
patients in most studies[98]. The intensity of glycemic control partly determines the incidence of 
hypoglycemia. In multiple types of studies, a significant adverse consequence of intensive glycemic 
control was the increasing incidence of hypoglycemia[39,99,100], so intensive glycemic control must also 
be accompanied by cautious monitoring[36]. However, the lack of clinical evidence and data supporting 
tight glycemic control should not deter efforts to achieve the target of optimal glycemic control, since it 
has been suggested to be the only significant tool to prevent complications in patients with both type 1 
and type 2 diabetes[101].

Since uncontrolled hyperglycemia is one of the reasons why the readmission rate of DFU patients is 
as high as 30%, which is much higher than that of other patients, intensive glycemic control will help 
prevent such readmissions[102,103]. Besides, intensive glycemic control will help form a “glycemic 
memory” or “legacy effect”, which implies that the benefits of earlier interventions are still evident 
while following the disease course[104].

Exercise
The effect of exercise on DFU is probably mediated by its effects on the risk factors. Exercise is reported 
to play a role in preventing or counteracting PAD in patients with type 2 DM[55], since regular physical 
activity may improve the claudication distance in PAD[50]. Moreover, exercise can disrupt the 
progression of DPN. Different types of exercise have significant effects on HbA1c reduction, and 
combined exercise is more effective in comparison with aerobic and resistance exercise[55]. In future 
studies, the exact relationship between exercise and DFU therapy should be determined to allow better 
integration of exercise into the treatment.
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Offloading
Evidence-based guidelines have reported that reducing high foot pressure (i.e., offloading) is the main 
objective and a significant prerequisite for promoting the healing effect and preventing ulcer[105,106]; 
this process involves offloading the affected area of the foot by redistributing extra pressure to other 
regions[107]. The majority of offloading device interventions are available for DFU and are divided into 
four categories: Casting, bracing, footwear, and walking aids[108]. In this section, four representative 
offloading devices will be introduced.

Total contact cast: The total contact cast (TCC) is often considered the gold standard device[86], and has 
been recommended by the guideline as the first-choice treatment option[106,109]. It protects the foot 
from further trauma and deformity, helps redistribution of excessive pressure[110], promotes tissue 
repair, and provides a protective load through below-knee-immobilization[111]. In comparison with 
some other approaches like removable cast walkers (RCWs) and therapeutic footwear, TCCs are 
reported to offer a better healing rate[108,112,113].

However, despite the substantial effectiveness of TCCs and their attractive characteristics for 
offloading interventions, their actual utilization rate is far from ideal. In a nationwide survey in the 
United States, only 1.7% of 858 centers considered a TCC as a the primary offloading method in DFU 
treatment[114]. Moreover, 45.5% of centers nationwide reported never using the TCC as an offloading 
modality, and 58.1% of centers did not consider TCCs as the first choice in noninfected plantar DFU 
treatment[114].

The low utilization rate can be attributed to a complex interplay of multiple factors. For patients with 
DFU, TCC is not easy to disassemble, which ensures their fixation and stability but hampers daily 
wound care if new pressure ulcers occur, hinders mobility, and results in inconvenient application 
because of the need for skilled technicians[107]. In addition, prolonged casting can cause stiffness of the 
muscles and atrophy of the joints[111], potentially leading to low patient acceptance. For medical 
institutions and physicians, the lack of awareness or familiarity with guidelines, the unpredictable 
efficacy, the inertia associated with previous practices, and the lack of skilled technicians may lead to a 
low level of TCC use.

RCW: A RCW is a removable knee-high offloading device. It offers multiple advantages, including easy 
removability, convenient wound assessments and care, and comfortable movement in daily life[115]. In 
comparison with TCCs, the most significant advantage of RCW is the reduction in time, energy, and 
experience needed for proper application[116], which makes it more suitable for frequent examination 
and nursing in cases of new ulcer occurrence and after an operation.

RCWs provide an equal level of plantar pressure and wound healing as TCCs and have emerged as a 
potential alternative to TCCs[117,118]. However, the convenience of removable RCWs may be obtained 
at the expense of healing ability. In in vivo studies, RCWs showed significantly lower healing ability in 
comparison with non-removable knee-high offloading devices like TCCs[117]. This significant 
difference in healing ability may also be caused by patients’ different compliance levels while wearing 
the device, since patients’ adherence to using the devices can promote healing. Under these circum-
stances, while the convenient application and removal is the greatest advantage of RCW, it also reduces 
the patients’ compliance since the TCC cannot be removed by the patients themselves, while the RCW 
can[114]. Patients may be unwilling to wear the device at home, so the noncompliance in using the RCW 
directly affects the healing process[119].

Therapeutic footwear: Proper footwear has long been considered to play an important role in DFU care
[120]. Therapeutic footwear is considered an effective approach for ulcer healing and has been used as a 
DFU-prevention strategy for decades[86,120]. It has been generally divided into several parts like a 
shoe, insole, and felted foam[108,111]. Typical diabetic prescription shoes usually have a deeper, looser, 
rocker outsole and toe box with soft support padding and can provide better accommodation for foot 
deformities[121,111]. Treatment with therapeutic shoes has been reported to yield reduced relapse in 
comparison with non-prescription shoes[122]. Forefoot offloading shoes (FOS) are representative 
prescription shoes specifically designed to offload the forefoot and have been proven to be efficacious in 
offloading and healing diabetic plantar forefoot ulcers. FOS mainly consist of a rocker bottom outsole 
and a negative-heel configuration that limits active dorsiflexion of the toes and shifts weight-bearing 
proximally, redistributing the load of the forefoot[107]. In comparison with standard prescription shoes, 
FOS reduce forefoot peak pressure ranging from 15% to 20%[123] and are recommended after surgery to 
offload the forefoot in case of injuries and ulcers. However, the negative-heel rocker-outsole design of 
FOS may compromise gait symmetry and stability, potentially decreasing wearing comfort and clinical 
acceptance[124,125].

Insoles have been reported to show good results in reducing shear or side-to-side stresses on the foot 
plantar surface, which is another key factor in DFU prevention[126]. Shear-reducing insoles are similar 
to dynamic foot orthosis (DFO) insoles. These insoles are composed of a free-floating distal segment and 
anterior segment that slide over each other[127]. This special structure is designed to reduce the shear 
stress on both the foot and insole. Meanwhile, a reduction in the midfoot temperature increase was 
observed after using DFO insoles, and since a regional foot temperature increase is associated with ulcer 
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formation, these findings demonstrated the protective effects of DFO insoles in DFU formation.
As one of the most commonly used accommodative dressings, the combination of felted foam with 

other therapeutic footwear is considered a promising approach to promote ulcer healing. Zimny et al
[128] evaluated the effect of felted foam on wound healing in comparison with classical pressure-
reducing devices and confirmed its promoting effect. Nubé et al[129] found that felt deflective padding 
applied to both skin and shoes provided similar wound-healing promoting effects for small, primarily 
neuropathic ulcers. Felts of different materials also influenced the healing of wounds. Pabón-Carrasco et 
al[130] reported that a combination of latex-wool felts showed great pressure-reducing ability, 
potentially combining wool’s timely pressure capacity and latex’s durability and structural stability. In 
comparison with wool, polyurethane, and latex, latex-wool felts offer the comprehensive advantages of 
hybrid materials and can serve as a great substitute for single material like wool.

In conclusion, published studies recommend the use of unremovable devices like TCCs for DFU 
offloading. When unremovable devices are unsuitable because of social, economic, and/or patient 
psychological factors and acceptance, removable devices like RCW can be used to address treatment 
adherence since they have the same level of therapeutic effect as unremovable devices[131]. For 
physicians, when choosing therapeutic footwear to assist therapy, more consideration and analysis 
should be paid to the specific offloading location of the foot and adherence to using offloading devices 
clinically[132].

Surgery
Deformities that develop into DFU commonly include hammertoes, prominent metatarsal heads, and 
hallux limitus[133]. A fixed-location high plantar pressure caused by structural deformities can be a 
predisposing risk factor for DFU recurrence if it is not adequately offloaded by the abovementioned 
conservative non-surgical offloading approaches. In such cases, foot surgery to ameliorate the 
overpressure through structural reorganization or removal of the underlying bony prominences is 
essential[134]. For patients showing chronic deformities and ulcers, foot surgery interventions are an 
important component in the management of foot ulcers, and can help them get rid of wearing 
cumbersome braces or footwear[133].

The offloading surgeries identified in IWDGF predominantly include tendon procedures such as toe 
flexor tenotomy and Achilles tendon release, but other types of surgeries can also be performed to 
relieve plantar pressure. Foot surgery has been classified into different types on the basis of the clinical 
conditions. Armstrong et al[135] revised a foot surgery classification system based on the presence of 
open wounds and acuity, and the conceptual framework of the surgery definitions in their study was 
based on the risk of high-level amputation. This system classifies foot surgery into four classes: Class I 
refers to elective surgeries aimed at reconstructing a deformed foot for patients without neuropathy, 
class II refers to prophylactic surgery aimed at reducing the risk of recurrent ulceration for patients with 
neuropathy but no open wound, class III refers to curative surgery aimed at offloading the overpressure 
caused by bony prominences and draining the underlying abscesses for patients with open wounds, and 
class IV refers to emergent surgery aimed at controlling infections caused by wet gangrene, necrotizing 
fasciitis, etc. for patients with severe infections[135].

Ahluwalia et al[136] systematically analyzed and summarized the five discrete types of offloading 
surgeries usually employed in cases of recalcitrant ulcers: (1) Lesser toe tenotomies, which aim to release 
the tight flexor tendon and decompress a flexible hammer toe for patients with recalcitrant ulcers on the 
tip or the knuckle of a deformed toe; (2) Achilles tendon release and metatarsal offloading, which aim to 
promote ulcer healing by releasing the Achilles tendon, metatarsal head resection(s), or joint arthro-
plasty; (3) Hallux procedures, which aim to redistribute the forefoot pressure by resetting the first 
metatarsal-phalangeal or partly amputating the hallux; (4) Surgical mastectomy, which aims to offload 
the overload area by directly removing the bony prominences in patients with a stable, inactive Charcot 
deformity; and (5) Complex surgical foot reconstruction, which aims to build a stable foot structure that 
can help patients walk normally without pressure areas[136].

Regular postoperative care is another extremely important aspect influencing ulcer recurrence and 
prevention of amputation. The reported complications after exostectomy include wound non-healing, 
wound dehiscence, and skin and soft tissue infection, all of which will increase ulcer recurrence and 
amputation rates[137]. In this regard, 70% of DFU patients have been reported to show a second ulcer 
recurrence after discharge, directly leading to amputation[32]. Therefore, meticulous wound care, 
adequate nutrition, and appropriate post-care management are essential for patients presenting with 
DFU, especially those who have undergone foot surgery.

Infection control
The bacterial toxins in wounds can cause infection, leading to collagen degradation, stress, and 
malnutrition and thereby preventing wound healing, which is a known predictor of poor prognosis and 
amputation[138]. Thus, correct identification and appropriate control of infections is essential to 
improve the prognosis in patients with DFU[86]. Diabetic foot infection (DFI) is particularly difficult to 
manage because the absence of exact markers to measure the level of microbiological activity for a 
typically colonized wound forces diagnosis based on clinical judgment[139], which often depends on 
the characteristics of inflammation such as per ulcer redness or induration and increased purulent 
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drainage[140].
In the early stage, DFU usually shows monomicrobial infections, while polymicrobial infections are 

observed in the middle-to-late stages[141]. Polymicrobial infections and their interactions in the DFU 
can delay or even stop wound healing[142]. Current clinical guidelines recommend systemic antimi-
crobial therapy for patients with DFI[85,139], and the formulation of a specific medication regimen is 
important in this regard. In the guideline developed by the Infectious Diseases Society of America 
(IDSA), the antibiotic regimen usually depends on the degree of infection, e.g., using antibiotics 
targeting aerobic Gram-positive cocci for patients with mild-to-moderate infections and broad-spectrum 
empirical antibiotic therapy for patients with severe infections[85]. The appropriate use of antibiotics 
plays an important role in the prognosis of DFU, and improper or excessive antibiotic usage may cause 
several side effects like antibiotic resistance. IDSA advised that to avoid the adverse consequences of 
antibiotic overuse, narrow-spectrum antibiotics should be used for clinical treatment over the shortest 
term possible and discontinued immediately after the symptoms have been resolved[85].

Assessment of life quality
To avoid problems with treatment acceptance and compliance, the treatment of DFU should not only be 
limited to objective medical evaluation but should also include consideration of the patients’ subjective 
feelings[143]. Assessment of the health-related QoL of patients is becoming steadily more important, 
especially in the treatment and evaluation of chronic diseases with a high prevalence, and should be an 
integral part of clinical evaluations of the prognosis of diabetes and its complications. All aspects, 
including physical health, pain, difficulty with usual activities, social function, role emotional, etc., 
should be considered when evaluating the prognosis of a patient[144]. In DM patients, reductions in 
QoL will worsen in the presence of complications[144] such as DFU since these complications can limit 
physical functions such as mobility and cause pain, thereby increasing the psychological burdens 
caused by limitations in social relationships and fear of amputation, reducing patients’ compliance with 
treatment, and eventually decreasing the survival rate[145-147].

Different treatment measures have shown different effects on patients’ QoL. The chronicity of DM 
causes patients to show a higher possibility of developing psychological disorders, which is more 
obvious in patients who have undergone a major amputation[148]. Moreover, studies have reported 
significantly worse stress readaptation and deterioration of glycemic control after amputation[149], 
which reduces patients’ QoL and weakens their socio-economic status[144]. Physical activity and 
exercise were confirmed to effectively improve DFU-related psychological pressure. One study reported 
improvements in glucose control, balance, neuropathic symptoms, and QoL of patients with DPN after 
Tai Chi exercises[150]. In combination with other related studies, these findings showed that patients in 
exercise programs have better QoL in terms of physical fitness, social ability, and emotional pressure
[151].

Since offloading devices are one of the commonly used treatment modalities for DFUs, the differ-
ential influence of different types of devices on QoL should be considered clinically[152]. Although 
offloading devices redistribute plantar pressure and improve foot health, the accompanying adverse 
effects on gait and mobility should not be underestimated. Therapeutic footwear, especially when used 
on only one side, will cause the patient to limp while walking, causing deterioration of gait speed and 
symmetry, stride length, and the gait cycle time of patients with DFU. To reduce the related gait 
disorders and improve the patients’ QoL, the use of bilateral therapeutic shoes instead of unilateral 
shoes can be a better option[153]. Casts show a good therapeutic effect because of their sealing ability 
and protective effects on wounds, which may be the reason for the higher cure rate of TCC in 
comparison with standard treatments[154,155]. However, the low patient acceptance of TCC is because 
of the limitations that it imposes on daily activities, as well as the difficulties in wound care and 
observation[113]. In contrast, the easy disassembly of RCW makes wound care and daily activities much 
more convenient, making it more acceptable for patients with DFU[114].

The QoL associated with a treatment method determines the extent to which it will be accepted and 
used by patients and should be one of the basic considerations when choosing therapeutic options. 
Currently, differences in QoL associated with different therapies have not received much attention, 
judging from the limited research on the relevant aspects and guidelines[156]. More studies should 
focus on QoL assessments to help formulate more reasonable clinical treatment plans.

CONCLUSION
DFU is a common and growing problem worldwide. The treatment approach for DFU depends on a 
combination of various factors that have been listed and discussed in this article. The following aspects 
should be considered to prevent ulcer progression and promote ulcer healing: (1) Choosing a proper 
classification to summarize the clinical details for further management and for auditing clinical 
outcomes; (2) Investigating risk factors that may predict the occurrence and promote the progression of 
ulcers; and (3) Employing validated interdisciplinary DFU management and care pathways, and 
emphasizing the cultivation of patient compliance. The findings highlight the need for the development 
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and application of more relevant prevention and treatment measures in the clinical management of 
DFU.
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