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Diabetic foot ulcer: Challenges and future

INTRODUCTION

The prevalence of diabetes is gradually increasing: the global prevalence was estimated
to be 9.3% (463 million people) in 2019 and is expected to increase to 10.2% (570 million
people) in 2030 and 10.9% (700 million people) in 20450). The prevalence rate of diabetes
in Chinese people older than 18 years of age is 11.2%[?. Diabetic foot ulcer (DFU) is one
of the most serious and dreaded complications of diabetes. A total of 10%-15% of
patients with diabetes may experience foot ulcersl®l. At least half of all amputations
occur in patients with diabetes, and the most common cause is DFU infection. In a large
cohort study of patients with DFU and patients with diabetes in China, the annual ulcer
incidence rate among diabetic patients was 8.1%, the annual new ulcer incidence rate
among patients with DFU was 31.6%, the amputation rate among patients with DFU
was 5.1%, and the annual mortality rates among patients with diabetes and patients
with DFU were 2.8% and 14.4%, respectively, during the 1-year follow-up period!.
DFU is the main cause of hospitalization, amputation, deterioration of quality of life
and disability of patients, which imposes a heavy economic burden on the medical and
health system, and its economic burden ranks tenth among all diseasesBl. Therefore, the
management of DFUs is particularly important. This article mainly introduces the risk

factors and treatment of DFUs.

RISK FACTORS FOR DFU

The World Health Organization and the International Diabetes Federation define DFU

as a serious complication of diabetes, mainly due to foot tissue ulcers and wounds




caused by hyperglycemia, diabetic peripheral vascular disease and/or diabetic
peripheral neuropathylll. DFU results from multiple factors. The risk factors for DFU
must be addressed to reduce the rates of foot ulcers and amputation (Figure 1).
Neuropathy is a common complication of diabetes that occurs in 50% of patients with
type 2 diabetes. Neuropathy is an important cause of ulcers. Long-term hyperglycemia
leads to peripheral nerve fiber damage. Distal sensor motor peripheral neuropathy is
the most common type. It manifests as distal, symmetric, and length-dependent
multiple neuropathylél. Usually, small nerve fibers are damaged earlier than larger
nerve fibers(?). The dysfunction of small-fiber nerves leads to sensory changes, such as
sensory dullness, acupuncture sensations, numbness, burning sensations, abnormal
pain and other clinical symptoms. Sensory defects, such as defects in pain perception
and temperature perception, are clinically called protective sensory deficits. The loss of
protective sensation leads to a loss of sensitivity to injury and stimulation of the lower
limbs, thus leading to continuous unconscious trauma, which tends to form ulcers.
Usually, diabetic ulcers are found when blood stains are observed on the socks and
floor, which portends an untimely diagnosis and treatment of the ulcers and aggravates
the disease. Compared with patients with diabetes presenting without neuropathy,
patients with diabetes presenting protective sensory loss have a 7-fold increased risk of
developing DFUsl8l. The autonomic nerves will also be damaged. Dysfunction of the
peripheral sympathetic nerves may lead to reduced sweating, dry skin, cracking and an
increased risk of calluses complicated with peripheral arterial disease, and the
appearance of symptoms increased. In the absence of peripheral artery disease, the
dorsal foot vein expands, the foot feels warm, and some edema occurs. This situation
places the patient's foot at high risk of ulceration. Biomechanical changes occur in the
early stage of diabetic neuropathy(®. Motor neuropathy causes an imbalance of foot
muscle tissue, muscle weakness and atrophy and changes the normal foot dynamics
and pressure distribution, leading to the loss of joint stability and the development of
foot deformities such as claw toe, hammer toe, horseshoe foot, Charcot’s ankle, arch

changes, and plantar aponeurosis%l. The increased shear stress and friction force
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increase the risk of foot ulcers, and when these factors are combined with the loss of
protective sensation, the risk of foot ulcers is higher.

Lower extremity arterial disease is an important risk factor for DFUs, resulting in an
insufficient blood supply, hypercoagulability of the lower extremities, and serious limb
ischemial'l. The clinical manifestations are malnutrition, muscle atrophy, decreased
skin temperature, pigmentation, weakened or absent limb artery pulsation, and even
intermittent claudication, resting pain and ulceration of the lower limbs. Long-term
ischemia and hypoxia render the areas prone to tissue ulcers through the action of
external forces, particularly wulcers at compressed parts of the heel or
metatarsophalangeal joint, which are prone to secondary infection. Patients with
diabetes usually have lower-limb arterial disease and neuropathy, which lead to
difficult healing of neuropathic and ischemic ulcers. In 50%-75% of cases, peripheral
arterial lesions lead to wound occurrence or a failure to heall121%,

The age and course of diabetes also affect ulcer healing. The risk of ulcer and
amputation increases two to four times with increasing age and a prolonged disease
course. Repeated minor injuries caused by neuropathic foot pressure and inappropriate
footwear may increase the risk of ulceration. One study indicated that the overall risk of
injury in patients with diabetes was 2% per year, the risk for patients with diabetes
neuropathy increased to 7.5%, the risk for patients with a previous ulcer history
increased to 40%, and the risk further increased to approximately 60% after 3 years and
reached 75% after 5 yearsl4l. If the patient has eye diseases such as retinopathy and
cataracts, resulting in decreased vision, the risk of a foreign body stabbing the foot is
high, and the risk of ulceration is also increased. Some studies have suggested that
dialysis patients with diabetic nephropathy have a very high risk of foot ulcers, and

dialysis treatment is an independent risk factor for foot ulcerslt3l.

EATMENT OF DFU

The ultimate goal of DFU treatment is to achieve healing and prevent wound infection,

amputation and reduced quality of life. It mainly includes glycemic control,
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management of peripheral artery disease (PAD), and wound management, among

others.

Glycemic control

Glycated hemoglobin may be the best indicator to evaluate average blood glucose
control. An HbAlc level 2 8% and fasting blood glucose level 2 7 mmol/L are
associated with an increased risk of lower limb amputation in patients with DFUs[4],
Studies have recommended that the glycated hemoglobin level in patients with DFUs
should be controlled at 7%-8%, which is helpful for ulcer healing and will not increase
the mortality of patients(\’l. In another study, the glycosylated hemoglobin level was
related to the wound healing speed, which was more obvious in patients with
newropathy and lower-limb arterial disease(’8]; however, the results were not repeated
in another studyl. However, an appropriate blood glucose level is undoubtedly
beneficial to prevent and delay microvascular and macrovascular complications in
patients with diabetesl0. The ideal blood glucose control target is reached when the
glycated hemoglobin level is less than 7% and the blood glucose level within 2 h after a
meal is less than 11.1 mmol/L. However, the indicators should be appropriately relaxed
for elderly patients and patients prone to hypoglycemial?]. Regardless of the size of the
initial ulcer area, early intensive blood glucose control may improve the prognosis of
DFUs in the first 4 wk of treatment(2]. Intensive blood glucose control reduced the risk
of amputation in patients with DFUs and contributed to wound healing!®?4l. However,
in another systematic analysis, no evidence was obtained that strict control of blood
glucose improved ulcer wound healing3. Many factors affect ulcer healing, and an
increasing number of large samples randomized controlled trials (RCTs) are needed to
indicate the effect of intensive blood glucose control on the prognosis of DFUs.
According to the specific conditions of patients and blood glucose control objectives,
appropriate hypoglycemic programs are formulated to avoid hypoglycemia Fifty
percent of patients with DFUs may have PAD, suggesting that they have atherosclerotic

cardiovascular diseasel26-28], According to the latest recommendations of the American




Diabetes Association for patients with type 2 diabetes complicated with cardiovascular
disease, if blood sugar cannot be controlled by lifestyle changes and metformin, they
should start taking a hypoglycemic drug that has been suggested to reduce adverse
cardiovascular events and cardiovascular mortality(??), such as a sodium glucose
cotransporter 2 inhibitor and a glucagon-like peptide-1 receptor agonist. Compared
with the placebo, liraglutide did not increase the risk of DFUs but reduced the risk of
DFU-related amputation in patients with type 2 diabetes mellitus and high-risk
cardiovascular eventsi®¥. However, the specific mechanism remains unclear. Studies
have suggested that liraglutide may promote diabetic wound healing by inhibiting
endothelial dysfunction induced by hyperglycemial®. Daggligin significantly reduced
the level of inflammation and oxidative stress in diabetic animal models, which may
contribute to the improvement of endothelial dysfunction and diabetic vascular
complicationsP2l. However, some studies suggested that the amputation risk of patients
who use canagliflozin is increased, particularly for patients with DFUs presenting lower
limb atherosclerosis, neuropathy and amputation history®3. However, the OBSERVE-
4D study® indicated that although cagelin increases the risk of amputation, the risk
islower than that reported in previous CANVAS and CANVAS-R trials®), especially for
patients undergoing timely monitoring, who have a lower risk. The results of a
randomized controlled trial conducted by Marfella et all*l suggested that the
granulation score of wound granulation tissue and the rate of complete wound healing
in the Vigliptin group (50 mg/dose, bid) were significantly better than those in the
control group, and the incidence of ulcer-related adverse events (such as ulcer wound
infection, osteomyelitis, honeycomb tissue inflammation, etc.) was also significantly
reduced, suggesting that venagliptin may improve the healing rate of DFUs possibly by
reducing oxidative stress, changing capillary density, increasing angiogenesis and
promoting wound healing. Compared with the control group, the healing rate of foot
ulcers in the saxagliptin (5 mg/time, qd) group was higher, and the healing time of
ulcers was shorter. The main mechanism was that shagliptin directly and indirectly

promoted the epithelial-mesenchymal transformation and reduced scarring to improve
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diabetic wound healing[*’l. Dipeptidyl peptidase IV (DDP-1V) inhibitors and glucagon-
like peptide-1 (GLP-1) receptor agonists reduce inflammatory reactions and antioxidant
activity, induce angiogenesis and tissue reconstruction, and may promote DFU
healing[3]. These treatments represent new directions with potential effects on DFUs.
ﬁrstemic insulin therapy improves wound healing of diabetic ulcers by increasing
angiogenesis and granulation tissue formation and reducing the duration of the
inflammatory phasel3%l. Compared with patients with type 2 diabetes using insulin and
insulin secretion-promoting drugs, patients with type 2 diabetes using insulin
sensitizers have a lower incidence of PAD, suggesting that insulin sensitizers may
reduce the incidence of PAD and its subsequent outcomes/#?l. Therefore, when choosing
hypoglycemic drugs, the appropriate hypoglycemic regimen should be selected
according to the basic situation, blood glucose level, wound condition and other

comprehensive factors of patients with DFUs.

Management of PAD

Patients with diabetes are prone to PAD. According to a Chinese multicenter study, the
proportion of lower-limb arterial disease in patients with diabetes over 50 years old is
19.5%[411, For every 1% increase in the glycated hemoglobin level, the risk of peripheral
vascular disease increases by 25%-28%42l. For patients with DFUs, the vascular lesions
are mainly located in the tibiofibular artery below the knee. The arterial lumen is
narrow or even completely occluded, causing lower limb ischemia, hypoxia, infection,
ulcer and even gangrene. More than 80% of patients with DFUs have lower limb
ischemial®], which is an important reason for the difficulty in wound healing. Adequate
blood perfusion provides a good metabolic demand for the damaged tissue, while an
insufficient blood supply may lead to insufficient nutrients available for wound healing
and limited delivery of antibiotics, resulting in a decreased healing capacity and
increased amputation risk. Therefore, the arterial blood supply of the lower extremities
must be reconstructed to improve and restore the blood flow of the extremities, avoid

limb ischemia and necrosis, reduce amputation, and improve the quality of life and
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survival rate of the patients(2627]. Patients with PAD have a high risk of cardiovascular
and cerebrovascular events. Even after revascularization, the incidence of
cardiovascular disease is still high(*l. Therefore, patients should also receive active
cardiovascular risk management, including smoking cessation, statins, antiplatelet
drugs and intensive blood pressure therapy(?4%. Smoking is a risk factor for
atherosclerotic plaques. Severe peripheral atherosclerosis may lead to stenosis and
occlusion of the vascular lumen with the progression of the disease, which may lead to
foot tissue ischemia that causes tissue damage and postpones wound healing(*l.
Smoking is also a risk factor affecting the degree of DFU lesionsl*’l and is an effective
predictor of death and amputation in patients with DFUsl]. Smoking cessation is
recommended for all patients with PAD. Blood pressure should be controlled within
130/80 mmHg to reduce the risk of cardiovascular and cerebrovascular events/*.
However, another study suggested that the optimal mean systolic blood pressure of
patients with PAD was 135-145 mmHg and diastolic blood pressure was 60-90 mmHg.
Low blood pressure may increase the risk of cardiovascular eventsi*l. The use of
angiotensin converting enzyme inhibitors (ACEls) and angiotensin-receptor blockers
(ARBs) by patients with PAD not only reduces blood pressure but also reduces major
cardiovascular adverse events and mortality*52), but it does not reduce major adverse
limb events and amputation risk in patients with PAD2. Treatments regulating lipid
levels target low-density lipoprotein cholesterol. Researchers have recommended a low-
density lipoprotein cholesterol (LDL-C) level < 1.4 mmol/L (< 55 mg/dL) or a decrease
in the LDL-C level by 50%(%3). In patients with PAD, patients who took statins had an
18% reduction in the long-term risk of adverse prognosis of the lower limbs (such as
symptom deterioration, peripheral vascular reconstruction and ischemic amputation)
and a 17% reduction in the incidence of cardiovascular events compared with patients
who did not take statins, indicating that statins not only reduce the risk of adverse
cardiovascular events but also exert a positive effect on the limb prognosis of patients
with PADI>). Therefore, patients with type 2 diabetes and PAD should be prescribed

statins. Medications for improving the circulation of patients with PAD include
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vasodilator drugs, antiplatelet drugs and anticoagulant drugs. Vasodilator drugs
include alprostadil injection, beraprost sodium, cilostazol, salgrel hydrochloride,
buflomedil and pentoxifylline, which reduce blood viscosity and change
hypercoagulability. Aspirin and clopidogrel are considered antiplatelet drugs. Current
practice guidelines recommend the use of aspirin or clopidogrel alone as a method for
the secondary prevention of cardiovascular events in patients with PADBS],
Compared with aspirin alone, clopidogrel combined with aspirin significantly reduces
all-cause mortality and cardiovascular events, but the risk of severe bleeding is
increased(®). The COMPASS study suggested that the absolute benefit of low-dose
rivalsaban (2.5 mg bid) combined with aspirin (100 mg qd) in reducing the risk of
cardiovascular events and all-cause mortality in patients with stable atherosclerosis
seems to be greater than that of nondiabetic patientsl®l. Compared with aspirin alone,
low-dose rivalsaban combined with aspirin reduced major cardiovascular events and
major limb adverse events. Rivalsaban alone only reduced major limb adverse events
but did not significantly reduce major cardiovascular adverse events. However, the
latter two schemes increased the risk of bleeding, mainly in the gastrointestinal tract,
but the incidence of fatal bleeding or bleeding in key organs did not increasel>]. Routine
use of proton pump inhibitors may reduce bleeding from gastroduodenal lesions/dl.
Therefore, the combination of low-dose rivalsaban and aspirin provides a new
therapeutic direction for patients with diabetes complicated with PAD, but further

studies are necessary to determine which subgroups of patients may benefit.

Debridement and management of infection

Patients with diabetes have hypoimmunity, slow ulcer healing and a high infection rate.
Infection often occurs when pus flows around the wound and the surrounding tissue is
red and swollen. DFUs are usually chronic wounds. The bacteria on the wound surface
produce biofilms that inhibit wound healing. Biofilms induce inflammation in the
surrounding tissues and adversely affect the removal of bacteria by antibiotics or the

host immune systeml). Therefore, the wound must be thoroughly cleaned.
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Debridement is the first and foremost measurement of DFU treatment, which involves
removing necrotic, inactivated or seriously polluted tissues from the wound surface to
convert the wound into an acute wound and facilitate wound healingl®2l. Debridement
should be performed as soon as possible.

At present, many methods, such as surgical debridement, maggot debridement, high-
pressure fluid irrigation and enzymatic treatment, have been developed, but surgical
debridement is usually preferred. Amputation is necessary when the ulcer infection
worsens or osteomyelitis occurs. For patients with lower limb ischemia, the time of
debridement and revascularization must be evaluated. For patients with dry gangrene,
the blood supply should be reconstructed first, and then wound debridement should be
performed to promote wound healing. However, if wet gangrene or abscess formation
is observed in the wound, debridement is preferred. More than half of patients with
DFUs had wound infections at the time of the visit. Infection is an important reason for
hospitalization of patients with diabetes and an important factor contributing to the
nontraumatic amputation of the lower limbsl(é3].

In the initial stage of superficial DFU infection, gram-positive cocci are mainly
detected, among which Staphylococcus aureus and Streptococcus are the most common
organisms/®®l. If chronic infection, extensive necrosis, wet gangrene, deep infection,
long-term repeated use of antibiotics and other condijtions exist on the wound surface, a
mixed bacterial infection is usually present. Currently, the proportion of gram-negative
bacterial infections is increasing, and the proportion of fungal infections is also
increasing(¢é. Due to the autoimmune status of the body, sanitary conditions, repeated
hospitalization, frequent use and abuse of antibiotics, multiple microbial infections,
insufficient arterial blood supply of the lower limbs and other reasons, the number of
multidrug-resistant bacteria is increasing. The most resistant pathogen is methicillin-
resistant Staphylococcus aureusl®’). Therefore, accurate identification of the pathogen
causing the bacterial infection is essential for anti-infection treatment of DFUs. Once the
infection is confirmed, pathogenic bacteria samples should be collected after the

necrotic tissues are removed from the infected wound and before the use of




antibacterial drugs. Pathogenic bacterial culture samples shall be obtained from deep
tissues as far as possible and sent for culture immediately after the samples are
collected. In addition, samples should be collected repeatedly during anti-infection
treatment to identify pathogenic bacteria and guide the selection of antibiotics. Tissue
biopsy is considered the most useful and standard technology, but it may cause the
spread of infection and the loss of adjacent tissue structure of limbs; thus, it is not
completely feasible. The collection of swab culture samples is easier, and any type of
ulcer can be used. However, the cotton swab culture results usually include colonized
bacteria, and the test results are not necessarily reliable(®8l. Compared with the culture
method, the molecular test method is more sensitive and reliable, with high accuracy
and a fast test speed. It represents a powerful method or the identification of microbial
colonies infecting chronic wounds and has a bright future in the convenient nursing
and treatment of DFUsl%l. Molecular microbiological diagnostic techniques improve the
prognosis of patients with chronic wounds(70),

The use of antibiotics should follow the principles of selectivity, timeliness, relatively
narrow spectrum, shortest course of treatment, safety, minimal adverse reactions, high
cost performance, and step-down. At present, the Infectious Diseases Society of
America/International Working Group on the Diabetic Foot (IWGDF) is used to score
DFU infection, which is divided into mild (superficial with slight cellulitis), moderate
(deeper or more extensive) or severe (with systemic sepsis signs), and the presence of
osteomyelitis(”).

The course of antibiotic use is related to the severity of the wound and the presence of
bone tissue involvement. The course of treatment ranges from 1 to 12 wkléll. However, a
comprehensive and individualized analysis is necessary to appropriately adjust the
course of antibiotics according to the basic diseases of the whole body, nutritional
status, liver and kidney functions, blood supply of the lower limbs, and other
parameters. Oral antibiotics and intravenous antibiotics maybe selected, but the
narrowest-spectrum antibiotic and the shortest course of treatment for pathogenic

bacteria should be selected to prevent drug resistance. The IWGDF recommendations(?2]
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for superficial ulcers with localized soft tissue infection (mild) are to start with
empirical oral antibiotic treatment against Staphylococcus aureus and Streptococcus aureus
(unless other pathogens should be considered). For deep or extensive infections
(moderate or severe infections), a broad-spectrum antibiotic should initially be
intravenously administered that mainly targets common gram-positive and gram-
negative bacteria, including specific anaerobic bacteria, and the antibiotic program
should be adjusted according to the clinical efficacy of empirical therapy, tissue culture
and drug sensitivity results. Biofilms are polysaccharide layers formed by a variety of
signal transduction mechanisms that delay the healing of DFUs. Therefore, inhibiting
the formation of biofilms is a new direction of modern anti-infection treatment research.
Studies have shown that acyl homoserine lactones (AHLs) regulate multiple factors
during biofilm formation by Pseudomonas aeruginosa and play a fundamental role in
regulating different genes involved in biofilm formation. Therefore, AHL can be used as
a therapeutic target to provide a correct path for drug design targeting multidrug-
resistant bacterial*l. However, in practice, the abuse of antibiotics still frequently leads
to the emergence of drug-resistant bacteria. Biological maggot debridement therapy
(MDT) provides a new option for the treatment of DFUs.

MDT refers to a natural biological therapy that uses medical maggots to help clean
ulcerated wounds by eating the necrotic tissue and bacteria that hinder wound
healing(7); it is used for wounds with unclear boundaries between necrotic tissue and
normal tissue, gaps or deep sinuses. It has anti-infection functions, promoting wound
growth and debridement. However, because maggots need a moist living environment,
ischemic DFUs are not suitable. Currently, the most commonly used organism is the
larva of the green silk fly, which is strictly saprophytic and will not cause damage to
healthy tissues(”. Maggots resist infection by draining bacteria from the wound?677),
absorbing and digesting bacteria in the necrotic tissue of the wound(”], changing the pH
of the wound, secreting a variety of bactericidal and antibacterial substances (such as
allantoin, urea, phenylacetic acid, calcium bicarbonate, peptides, and bactericides)(731],

hindering the formation of and degrading bacterial biofilmsl®), improving tissue
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oxygenation at the wound/®, and stimulating the growth of human fibroblasts!®l.
Maggots also activate inflammatory cells and other mechanisms to promote wound
tissue growth. The necrotic tissue can be cleared through the proteolytic enzymes
produced by maggots (such as chymotrypsin, trypsin and collagenase)[8580] to achieve
the debridement effect. Studies have suggested that MDT is effective against a variety of
bacterial infections, especially Staphylococcus aureusl®’l, which is resistant to multiple
antibiotics. MDT reduces the number of bacteria and decreases the antibiotic treatment
time and the hospitalization cost.

In the local treatment of wounds, antiseptics have more extensi\ﬁ antibacterial
activity than antibiotics, and they do not induce drug resistancel8sl. Antiseptics are
commonly used to reduce the bacterial load of wounds and prevent or treat
infections(®l. However, the finding that the antiseptic may be toxic to wound-healing
cells is a cause for concern, which limits its application. Therefore, the current
guidelines recommend the use of clean water or saline to clean the DFUs as the
standard of care. In vitro studies of povidone iodine have shown that it penetrates and
reduces the formation of biofilms, and it seems to have no negative effect on wound

healing[*l.

Dressing

After effective debridement of the wound, dressings are applied to keep the base of the
wound moist, control the exudation of the wound, avoid normal skin impregnation
around the wound, help clean the chronic wound, promote the formation of epithelium
and heal the wound. The choice of wound dressings for patients with DFUs should be
based on the patient's specific conditions (such as the wound appearance, depth,
exudate, infection, compliance and economic status) and the cost and comfort of
dressings. Hydrogel dressings, film dressings, foam dressings, hydrocolloid dressings,
and alginate dressings are commonly used in clinical practicel”!]; see Table 1 for detailed
descriptions of various dressings. Hydrogel dressings are widely used in patients with

DFUs. These dressings can expand and absorb water and exudate, maintain structural
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stability, and promote cell proliferation and differentiation and wound healingl?2%l.
Some studies have shown that hydrogel dressings shorten the wound healing time by
7.28 d on average and improve the healing rate by 57%[%l. Alginate dressings absorb
large amounts of water and can absorb 20 times their own weight. They are the best
choice for highly exudative woundsl®5l. Synthetic foam dressings can be selected for
severe exudative wounds and concave wounds to fill cavities and eliminate potential
cavities[?l. In an international, multicenter, double-blind, randomized, controlled, 20-
week trial, the noninfectious diabetic neuroischemic foot ulcer had an area greater than
1 cm?2 compared with the control group receiving the same standard of care. After the
use of sucrose octasulfate dressing, the number of patients exhibiting wound closure
was greater, the wound healing time was shorter, the wound closure rate was
improved, and the safety was similar between the two groupslP. In 2019, the
international national guidelines for the prevention and treatment of diabetic foot
recommended the use of asucrose octasulfate dressing to promote wound healing of
noninfectious neuro-ischemic DFUs that are difficult to heal after standard carel72l.
Different dressings have their own advantages. They are selected in the clinic according
to the specific conditions of the patient's wound and the characteristics of various

dressings (Table 1).

Growth factors and platelet-rich plasina

Growth factors play an important role in wound healing. Vascular growth factors
promote the formation of vascular collateral circulation and improve the blood supply
of the lower limbs; these factors include fibroblast ﬁowth factor and hepatocyte growth
factorl798]. Platelet-derived growth factor, which is mainly released from platelets, is
also released from other cells involved in wound healing, such as endothelial cells,
macrophages, keraﬁ'nocytes and fibroblasts. Platelet-derived growth factor stimulates
the secretion of vascular endothelial growth factor and promotes angiogenesis,
fibroblast activity, granulation tissue formation and endothelial cell migration.

However, a risk of tumorigenesis has been noted, and its application is limited. A
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systematic analysis was performed to study the effects of 11 different growth factors on
DFUs. The local application of growth factors may increase the possibility of a complete
cure of foot ulcers in patients with diabetes, but the quality of evidence is low!”l. The
safety of using growth factors and the overall reports of their adverse events are very
poor, and a comparison of the time points at which various growth factors promote
wound healing has not been performed. Further tests are needed to study the effects of
growth factors on wound healing. Platelet-rich plasma (PRP) is an autogenous product
containing a large amount of platelets, growth factors, fibrin and other substances
necessary for wound healing[1®L. It is often used to treat relatively sterile wounds after
debridement, which potentially improves the proliferation of local granulation tissue in
ischemic wounds and promotes wound healing. Compared with standard treatment,
topical application of PRP increases the healing potential and promotes complete
wound healing without significant adverse events, although the quality of evidence is
low[1®] Although growth factors and PRP may promote the healing of DFUs from the
perspective of the pathophysiological mechanism, greater requirements are present on
the wound surface. Usually, DFUs are complicated with infections and bacterial

biofilms exist, which limits the therapeutic application of growth factors and PRP.

Oxygen therapy

DFUs are often chronic wounds; as a continuous oxygen supply is essential for chronic
and difficult woundsl'”], oxygen therapy has emerged as a potential treatment.
Currently, hyperbaric oxygen and local oxygen therapy are commonly used oxygen
therapies. Hyperbaric oxygen therapy is applied via a hyperbaric oxygen chamber to
reduce inflammatory reactions'®? and induce angiogenesis to promote wound healing,
thereby reducing the amputation ratell9l. However, the efficacy of hyperbaric oxygen
on DFUs is still controversial. In 1987, Diabetes Care published the first cohort study
showing that hyperbaric oxygen significantly reduces the amputation rate of patients
with DFUsl1™]. Follow-up studies also found that when the traditional treatment

method for chronic DFUs is not effective, hyperbaric oxygen treatment improves long-
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term wound healing(1%5106] However, in the study by Margolis, patients with DFUs who
were treated with hyperbaric oxygen did not show significantly improved wound
healing and amputation rates compared with the control group%’l. Dr. Fedorko et all1%]
also confirmed that hyperbaric oxygen did not significantly improve the quality of life
of patients with DFUs. At the same time, the results of two other RCTs evaluating the
use of hyperbaric oxygen in the treatment of DFUs also showed that hyperbaric oxygen
therapy did not reduce amputation or promote wound healing in patients with diabetes
complicated with chronic DFUs through comprehensive wound carel?219l, but the
results of these two studies were highly biased. At present, the number of studies
assessing hyperbaric oxygen therapy for DFUs is small, the level of research evidence is
low, the efficacy evaluation indicators are uneven, and many subjective factors are
present. At the same time, hyperbaric oxygen is time-consuming, expensive, and cost-
effective, which restricts the recommendation of hyperbaric oxygen therapy for DFUs.
Local oxygen therapy directly delivers oxygen to the wound by pressurization. A
multicenter randomized double-blind controlled study showed that standard treatment
supplemented with local oxygen therapy increased the possibility of wound healing by

more than 4.5 times11, but more studies are needed to further confirm its efficacy.

Biological scaffold

Biological therapy has been used to promote diabetic wound healing. A study assessing
the effect of biological scaffolds (chitosan polyvinyl alcohol and polycaprolactone
chitosan polyvinyl alcohol nanofiber blend scaffolds) on the treatment of diabetic rats
indicated that the scaffolds had higher biological performance. Compared with the
control group, the ulcer area of diabetic rats treated with biological scaffolds was
smaller at all time points, and the healing effect was significantly better. At the same

time, more obvious granulation tissue was detected in the scaffold-treated wounds(112].

Stem cells/exosomes/cell matrix




As a new technology for the treatment of DFUs, stem cell transplantation may promote
neovascularization of the ischemic limb and improve and restore the blood flow of the
limb to achjeve the goal of treating limb ischemia and the ultimate goal of promoting
ulcer healing. Stem cells that have been used in preclinical and clinical research include
umbilical cord blood mesenchymal stem cells, umbilical cord mesenchymal stem cells,
placental mesenchymal stem cells, adipose mesenchymal stem cells and bone marrow
mesenchymal stem cells, among which adipose mesenchymal stem cells are the most
widely used cell type. In addition, genetically engineered SCs that overexpress certain
cytokines exhibit different characteristics from conventional stem cells in vivo,
providing a new direction for future clinical applications("3l. The most frequently
studied stem cells are mainly found in bone marrow, adipose tissue, cartilage and bone
tissue, umbilical cord blood and placenta, of which bone marrow is the most abundant
souwrce and these stem cells have a multidirectional differentiation potential,
differentiating into osteoblasts, chondroblasts, adipoblasts, muscle cells and nerve cells.
Bone marrow mesenchymal stem cells rebuild the local microcirculation(*4, improve
the blood flow of chronic ischemic limbs(113), provide media and sufficient nutrition for
wound repair and remove local metabolites. Pilot research on local transplantation of
bone marrow mesenchymal cells for the treatment of patients with vascular disease
involving DFUs and lower limbs that failed vascular reconstruction showed that the
transplantation of these cells significantly improved the percutaneous oxygen partial
pressure and toe brachial index of the patients, and the limb preservation rate was
81%(Mmél, Similarly, another study showed that bone marrow mesenchymal stem cell
therapy significantly improves the painless walking distance and wound healing of
patients with diabetes presenting lower limb vascular occlusion™]. After 6 mo of
treatment with adipose mesenchymal stem cells, approximately 2/3 of the clinical
symptoms of lower limb ischemia in patients with diabetes were relieved (including
resting pain and walking distance), and angiography showed a significant increase in
collateral circulation(8]. A study of nondiabetic patients with lower limb ischemia who

could not undergo vascular reconstruction also showed that adipose mesenchymal stem
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cell transplantation improved their lower limb percutaneous oxygen partial pressure
and promoted the healing of local ulcers, proving that this therapy is also applicable to
nondijabetic patients with lower limb ischemial"]. After an intravascular injection of
umbilical cord blood mesenchymal stem cells into rats with diabetic skin ulcers,
neovascularization in the ulcer area was substantially increased on the third day, new
granulation tissue appeared on the seventh day, and stratified squamous epithelial
tissue appeared on the fourteenth day. Based on observations on the seventh and
fourteenth days, the skin ulcer area was significantly reduced. The mechanism was that
the injected umbilical cord blood mesenchymal stem cells promoted the secretion of
keratin 19 by epithelial keratinocytes, participating in the formation of extracellular
matrix(2], Bone marrow mesenchymal stem cells not only improve vascular disease in
the lower limbs of patients with diabetes but also promote the healing of ulcers(117.121,122],
Studies have shown that adipose mesenchymal stem cells also contribute to the healing
of skin ulcers in diabetic mice(*?3124]. At present, the mechanism of action of stem cells
remains unclear. Generally, mesenchymal stem cells directly from new blood vessels
through endocrine secretion from vascular endothelial cells and smooth muscle cells
that participate in angiogenesis through paracrine vascular endothelial growth factor,
basic fibroblast growth factor, hepatocyte growth factor, angiopoietin-2, angiopoietin-1
and other angiogenic factors'®); improve the local microcirculation; increase the blood
supply of the distal foot; and promote the healing of DFUs, but the mechanism still
requires further study.

With the research and disclosure of the mechanism of action of stem cells, the
development of stem cells or other cell derivatives with clearer mechanisms of action
for DFU treatment has become a research hotspot. The application of these derivatives
in DFU treatment shows efficacy and characteristics similar to those of stem cells.
Among these derivatives, exosomes are the most popular. Exosomes are spherical or
cup-shaped vesicles surrounded by double-layer membranes that are secreted by
various cells. They exist in saliva, blood, milk, semen, blood and other tissue fluids.

Exosomes carry a variety of signaling molecules and bioactive substances and
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participate in the occurrence and development of systemic immunity, intercellular
communication, cell proliferation, cell migration, cell differentiation and metabolic
diseases(1?l. Previous studies have confirmed that mesenchymal stem cells exert
therapeutic effects on DFU. They release exosomes through paracrine signaling, and
exosomes, important mediators of intercellular communication, participate in the
appellate cell process, which is one of the mechanisms by which mesenchymal stem
cells exert their therapeutic functions. Exosomes secreted by mesenchymal stem cells
are membrane vesicles with a diameter of 30-150 nm and a density of 1.10-1.18
g/mL027); they carry nucleic acid molecules such as miRNAs, cytosolic proteins and
mRNAs and bind to receptors to mediate intracellular signal transduction and change
cell functions. Exosomes secreted by adipose mesenchymal stem cells promote the
proliferation of vascular endothelial stem cells, angiogenesis, wound granulation tissue
formation, and growth factor expression and reduce the levels of inflammation- and
oxidative stress-related proteins in a high-glucose environment(28]. Exosomes secreted
by umbilical cord blood mesenchymal stem cells induce wound angiogenesis'?]. In a
study that treated chronic wound skin of diabetic rats with exosomes secreted by PRP,
exosomes effectively induced the proliferation and migration of fibroblasts and
endothelial cells and improved the angiogenesis and re-epithelialization of chronic
wounds™. Mesenchymal stem cell exosomes derived from menstrual blood also
promote neovascularization and increase the amount of neovascularization in the skin
of diabetic mice(*]. Exosomes are characterized by a simple structure, lack of
replicability, lack of genetic material in the stem cell nucleus, shorter action time,
smaller particle size for easy diffusion in vivo, and other properties. At the same time,
in vivo studies have confirmed that they have similar biological activity to stem cells
intreating DFUs. Therefore, stem cell derivatives with higher safety and simpler
mechanisms of action will have better development prospects. However, exosomes are
also associated with various problems, such as a high preparation cost, hampering

large-scale production. Methods to produce uniform and reliable exocrine therapeutic
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drugs is an important research topic for the clinical application of exosomes in the
future.

Due to the inconvenjence caused by the characteristics of stem cells in preparations
for the external use of stem cells, an increasing amount of research is devoted to the
development of excipients that provide support for stem cells, such as collagen
scaffolds and cell gels, to prolong the maintenance of the efficacy of preparations for the
external use of stem cells. The extracellular matrix (ECM) is a noncellular three-
dimensional polymer network composed of collagen, elastin,
proteoglycan/glycosaminoglycan, laminin, fibronectin and other glycoproteins(32l. It
provides extracellular scaffolds for cells and interacts with cells. The ECM directly or
indirectly affects the shape, metabolism, migration, proliferation and apoptosis of cells.
Studies have confirmed that it is closely related to immunity, inflammation,
angiogenesis, wound healing and malignant transformation(33; therefore, maintaining
ECM homeostasis is very important for DFU healing. Hyaluronic acid is an important
component of the skin ECM. It affects many processes, such as cell migration,
proliferation, inflammatory reactions and angiogenesis, in the proliferation stage of
wound healing and plays an important role in wound healing and tissue repair(134l.
However, the hyaluronic acid content is reduced in DFU skin, resulting in delayed
wound healing(1®3l. Collagen promotes myofibroblast differentiation and fibrosis to
maintain the ECM structure and promote healing3l, but collagen deposition in DFU
skin reduces the skin thickness and integrity('*¥”). In individuals with diabetes, the
production of matrix metalloproteinases in the ECM increases, and the ratio of matrix
metalloproteinases/tissue inhibitors of metalloproteinases increases, aggravating the
inflammatory response and leading to an imbalance in ECM homeostasis*¥]. In DFU
wound tissues, the secretion of matrix metalloproteinases is increased, and the levels of
matrix metalloprotease-hydrolyzed ECM fragments are increased. Studies have
confirmed that the occurrence of inflammation iz vivo is significantly related to the
presence of a large number of ECM fragments and their receptors(139. At the same time,

the production of ECM fragments in the inflammatory process also activates immune
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cells, leading to the continuous occurrence of inflammatory reactions). The
interaction between the abnormally expressed ECM and the inflammatory response
causes a high level of inflammation to persist in DFU wounds for a long time and
makes wound healing difficult. In view of the complexity and safety of the stem cell
therapy mechanism and the special disease characteristics of DFUs, the development of
stem cell preparations for the external treatment of DFUs, such as those combined with
ECMs caffolds, is another effective technical approach showing considerable
application prospects and will certainly play an important role in future clinical

applications.

Negative pressure wound therapy

Negative pressure wound therapy (NPWT) includes two modes: vacuum-assisted
closure (VAC) and vacuum sealing drainage (VSD). The pipeline used by VAC has poor
hydrophilicity and a high supporting force. The pipeline is placed on the surface of the
dressing to form a device similar to a suction cup. Wound healing is promoted by
adjusting the negative pressure level and selecting the intermittent model™. The
drainage tube adopted by VSD has high plasticity, good hydrophilicity and contains
side holes. It covers the dressings and wound surface with a fully closed and
translucent polyurethane film to form a closed space. The necrotic tissues and secretions
on the wound surface are drained by negative pressure to promote wound cleaning; it
is mainly used for drainage of deep wounds and body cavities. VAC focuses on the
treatment of wounds on the body surface and exerts a good effect on treating DFUs,
limb soft tissue lacerations, lower limb venous ulcers, deep pressure ulcers, and other
wounds(142-14],

NPWT is widely used to treat DFUs as an acute and chronic wound treatment
technology. Armstrong et all'¥?l suggested that, compared with standard treatment,
VAC accelerated wound healing, improved wound healing ratio and reduced the re-
amputation rate when treating complicated diabetic foot wounds. In the meta-analysis

by Liu et all**3], compared with conventional dressing changes, VAC reduced the area




and depth of DFU to a greater extent, improved the complete healing rate of ulcer,
shortened the healing time of ulcer, reduced the amputation rate of patients, and
improved cost-effectiveness.

The mechanism of NPWT is as follows: (1) keep the wound moist and stabilize the
wound environment pain(*¢]; and (2) inhibit bacterial growth. Weed et 247 indicated
that after treatment with negative pressure drainage technology, the number of bacteria
in the wound, particularly gram-negative bacteria, was significantly reduced.
Additional components of the mechanism include (1) improving wound blood
perfusion and promoting wound healing(43); (2) promoting cell proliferation,
angiogenesis and wound tissue repair(*9; and (3) regulating the signaling pathway to
modulate cytokine expression(13],

Before using NPWT, the necrotic tissue and dead bone on the wound surface should
be completely removed. NPWT also has contraindications, such as deep wound
infection, severe ischemia, eschar or necrosis, active bleeding, coagulation dysfunction,
exposure of blood vessels or nerves or tendons or ligaments, untreated osteomyelitis,
wet gangrene, and malignant tumors. At the same time, the use of NPWT may lead to
tube plugging, poor drainage, residual dressings, wound maceration, residual
dressings, and other complications.

Based on the limitations of NPWT, negative pressure wound therapy with installation
(NEWTi) emerged at a historic moment. It combines negative pressure therapy with
liquid perfusion technology to accelerate the cooperative use of wound water and
promote the dissolution and clearance of deep necrotic tissues by intermittently or
continuously perfusing solutions to closed wounds. The destruction of biofilms and
autolytic debridement are the main factors contributing to the superiority of NPWTi to
NPWT. However, a uniform standard for the selection of irrigation solution, irrigation
time, irrigation speed, and irrigation frequency is unavailable when NPWTi is used to

treat DFUs.

Offloading
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At present, the basic principle for the prevention and treatment of neurogenic DFUs is
to redistribute the increased local pressure on the footl51132), reduce the plantar
pressure and shear force, and promote wound healing. Therefore, the selection of a
suitable decompression device according to the actual situation of the patient is very
important to prevent foot ulcers(*33l. Offloading is divided into nonsurgical offloading
and surgical offloading. Nonsurgical offloading provides external decompression
through the use of individually customized or prefabricated devices. The efficacy is
determined by whether the patient can continue to wear the decompression device.
Cuwrrently, the most commonly used pressure reducing devices are the total contact cast
(TCC) and detachable cast. TCC is the most effective decompression technique for the
treatment of neurogenic DFUs(3 and is even the gold standard for foot restraint and
treatment of DFUs(*], Studies have shown that TCC can reduce the pressure at the ulcer
by 84%-92%M0153, and it is effective for most nonischemic and noninfectious diabetic
plantar ulcers, with an ulcer healing rate of 69.6%-73.9%%157). A TCC can reduce local
inflammation, help reduce or delay edema during wound healing, accelerate ulcer
healing, and possibly protect the foot from infection because it is not easy to
disassemble, which increases the patient's compliance with use and may be an
important reason for its benefit>81%). However, as TCCs are not easy to disassemble
and patients may easily fall while wearing them, their use limits patients’ daily
activities. Moreover, inappropriately fitting braces may cause skin irritation, even skin
ulceration and infection, and muscle weakness may occur after long-term use. At the
same time, TCC use requires the cooperation of experienced doctors, technicians and
patients, and consequently, the application of TCCs is limited. The detachable plaster
branch has the advantages of easy disassembly, easy observation of wounds,
convenient local treatment of wounds, and it can be used for the treatment of infected
wounds and superficial ulcers. However, it also has the disadvantages of poor patient
compliance and the reduction of the local decompression effect due to irregular
wearing. Therefore, patients must be educated while repeatedly emphasizing the

benefits of consistently wearing the device to achjeve the therapeutic effectl'®l. For

22756




patients who do not accept gypsum braces, felt-like foam pads and appropriate
therapeutic shoes can also be used for decompression treatment(2). Studies have
confirmed that therapeutic shoes reduce plantar pressure and prevent ulcer
recurrencel’®). Crutches, walking aids and wheelchairs may also be used for
decompression, but some devices increase the pressure on the healthy foot during use,
which will increase the incidence of new ulcers on the healthy sidel®). At the same
time, the use of these devices is limited due to the lack of upper limb strength and
perseverance to use these devices independently(1¢2].

Surgical decompression treatment serves to redistribute the pressure or change the
position of the pressure points through surgery, with the purpose of permanently
changing the internal pressure point. When a patient does not exhibit complete local
decompression after using the optimized shoes and tools and ulcers occur or the patient
cannot decompress after ulcer healing and after using the optimized shoes and tools,
then he or she can be decompressed during amputation Surgical decompression
usually includes Achilles tendon extension, metatarsal head resection, arthroplasty, and
toe flexor tendon resection(¢3]. Patients with diabetes are prone to shortening of the calf
gastrocnemius muscle, which will lead to a continuous increase in the plantar pressure
of the forefoot. The extension of the Achilles tendon may reduce the plantar pressure of
the forefoot*®!]. Studjes have confirmed that Achilles tendon lengthening promotes
wound healing and reduces ulcer recurrence in patients with neuropathic plantar ulcers
and horseshoe foot(1%3. Diabetic neuropathy leads to a high pressure load on the plantar
skin above the metatarsal head. Removing these biomechanical factors may reduce
pressure and facilitate wound healing. For nerve plantar ulcers with difficult healing,
early removal of the metatarsal head may be the key to promoting wound ulcer
healing('%l. Compared with traditional conservative treatment, metatarsal head
resection has a higher healing rate and lower infection rate and ulcer recurrence rate(67).
At the same time, metatarsal head resection promotes the healing of plantar ulcers,
which is not related to sex, age, body mass index, height, weight, diabetes duration or

the duration of preoperative ulcers%8). Arthroplasty is an effective procedure for the




treatment of recurrent or complex neurological DFUs. Using routine treatment and
decompression, metatarsal finger arthroplasty results in a faster healing rate and a
lower recwrence rate than the standard treatment(%$?l. The flexor pollicis longus and
flexor digitorum longus can be used to decompress the toe and make the toe tip more
flexible("7); a systematic review confirmed that this operation exerts a good therapeutic

effect on closing wounds and newly formed ulcers171,

Low-level laser therapy

Low-level laser therapy (LLLT) uses low-energy light to stimulate the wound surface
and produce a series of pathophysiological reactions mainly through photobiological
regulation. It does not directly induce photothermal injury of the wound tissue and
does not damage the normal tissue cells at the wound surface(72. In the study by
Kaviani et al073), 8 patients in the LLLT group achieved complete healing after 20 wk,
while only 3 patients in the control group achieved complete healing. Although the
difference was not statistically significant, the average time of complete healing in
patients receiving LLLT (11 wk) was less than that in the control group (14 wk),
suggesting that LLLT might accelerate the healing process of chronic DFUs and shorten
the time of complete healing, but the sample size of this experiment was small. Another
analysis of the efficacy of LLLT in the process of chronic wound tissue repair of DFUs
showed that the tissue repair index in the LLLT treatment group increased significantly,
mainly because LLLT shortened the inflammatory period, promoted angiogenesis and
the production of extracellular matrix components, and accelerated the healing
process(173174), Percival et al'73) proposed that LLLT promotes wound healing by
inhibiting the microbial membrane of chronic wounds, especially cocci and some gram-
negative bacteria. Other studies have shown that LLLT promotes wound healing by
improving the blood flow and autonomic nervous system regulation of DFUs[176]. A
systematic review and meta-analysis of the efficacy of low-dose laser treatment of
DFUs(7 found that the ulcer area in the LLLT treatment group was significantly
reduced by 30.90% compared with the control group. Compared with the control




group, the ulcer area in the treatment group decreased by 4.2 cm? The probability of
complete healing of DFUs was 4.65 times higher than that of the control group,
indjcating that LLLT may accelerate wound healing and reduce the area of DFUs.
However, the review did not provide the best laser treatment parameters. However, in
another review, LLLT was shown to be safe and effective in treating DFUs. The laser
parameters were 632.8-685 nm, 50 mW/cm?, and 3-6 ]/cm?; the irradiation time was
30-80 s, three times a week, and the duration of one month was beneficial for the
prognosis of DFU wounds in patients'”8l. Because the pathophysiological mechanism of
DFUs is complex and the prognosis of the ulcer surface is different due to the diverse
ulcer surfaces and different laser parameters, more rigorous, high-quality and large-
sample RCTs are needed to determine the best treatment parameters for different types

of ulcers.

PREVENTION

The incidence of DFUs is high, and the amputation rate is high; moreover, ulcer healing
is slow, and the treatment effect is relatively poor. Therefore, the prevention of DFUs is
particularly important. However, people currently focus on treatment after the
occurrence of DFUs. Researchers mainly focus on medical treatment rather than
prevention. Cesare Mirandal'??l suggested that comprehensive management should be
implemented to prevent DFUs and provided a flow chart for the prevention of DFUs,
including DFU education, blood glucose control, management of PAD, identification of
risky feet, regular inspection of susceptible feet, long-term wearing of appropriate
shoes, and treatment of ulcer risk factors. DFU education can reduce the incidence of
DFUs and amputations. It encourages patients to conduct foot self-examinations,
identify risk factors, provide appropriate self-care and treat feet with any signs of pre-
ulceration('33]. However, the smooth performance of this examination is usually affected
by the decrease in vision and limited movement of patients. Through regular foot
screening and follow-up of patients with diabetes, the incidence of DFUs and the

amputation rate have significantly decreased, but only 20%-30% of patients in China
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undergo regular foot screeningl’89. Studies have shown that the use of diabetic foot
treatment shoes and insoles may reduce the ulcer recurrence rate by 30%-50%, but the
ulcer recurrence rate is still as high as 30% 08V, In the study by Frykberg et all12], a new
type of remote wireless intelligent temperature monitoring foot pad system was
provided for patients with previous DFUs, which is a wireless temperature foot pad
that can be used in daily life and senses changes in and asymmetry of foot temperature.
The research results show that the intelligent detection system accurately predicts the
experimental patients with recurrent DFUs. However, this experiment has its own
limitations, including its nonintervention design, small sample size, short experimental
time, lack of evaluation of other factors and costs that may affect the occurrence of
DFUs, and artificial bias. The results thus require further confirmation. Nevertheless,
the results of this study are still very meaningful, suggesting that more intelligent
devices can be further developed for the prevention and treatment of DFUs and can

thereby reduce the familial and social burdens related to patients with DFUs.

CONCLUSION

DFUs are one of the serious complications of diabetes. Many risk factors lead to the
occurrence of the disease, and the amputation rate is high. Once diabetes is diagnosed,
we should perform more work on the management of diabetes, including screening for
high-risk factors for DFUs, such as neuropathy and arteriopathy. The high incidence of
DFUs may be related to the lack of DFU risk education programs, the insufficient
attention of patients, the low rate of foot examination, and the poor knowledge of
medical personnel. Boulton et all83] found that less than 20% of patients with diabetes
received a foot examination provided by medical and health professionals. Therefore,
foot care education should be provided to all patients with diabetes and the risk of DFU
should be evaluated at a minimum of annually(184].

With the development of artificial intelligence, intelligent detection instruments and
evaluation tools (such as intelligent insoles) can be applied to the prevention and

treatment of DFUs. The management of DFUs requires multidisciplinary cooperation,




mainly including endocrinologists, vascular surgeons, orthopedic doctors, wound
specialists, shoe technicians, rehabilitation physicians, psychological consultants and
specialized nurses. The correct evaluation and comprehensive management of DFUs by
multidisciplinary teams are essential to protect the function and quality of life of
patients. Optimizing diabetes management is still the most important step to prevent
diabetes-related complicaticms[1‘°’*5f1‘°‘*6 The effect of intensive treatment on the prognosis
of DFUs requires further study. In patients with diabetes complicated with PAD,
sodium glucose co-transporter 2 inhibitors or GLP-1 receptor agonists are
recommended(145187]. Both DDP-IV inhibitors and GLP-1 receptor agonists promote
DFU healing[!%7l. When patients with DFUs choose hypoglycemic drugs, they should
not only consider the hypoglycemic effect but also consider whether cardiovascular risk
factors are present and whether these drugs can promote ulcer healing. Statins,
antiplatelet agents, ACEIs and ARBs are effective in the secondary prevention of
cardiovascular events in patients with PAD. For patients with PAD complicated with
diabetes, the combination of low-dose rivarsaban and aspirin reduces major limb
adverse events, including amputationl®, but the risk of bleeding must be monitored.
Offloading relieves plantar pressure and shear force to promote wound healing. The
value of decompression shoes lies in preventing ulcers, not in using them during the
treatment of active ulcers['88l, Surgical offloading is mainly employed to treat specific
foot ulcers, usually when other nonsurgical offloading interventions fail. Internal
offloading and external offloading are used together to promote wound healing.
Necrotic tissue and the microbial membrane are removed, and chronic wounds are
transformed into acute wounds. A systematic review reviewed the effect of surgical
debridement on DFU healing. The results indicated that the higher the application
frequency of surgical debridement, the better the resultsl'®l. However, excessive
debridement is not conducive to ulcer healing. An appropriate debridement frequency
and debridement method should be selected for different DFUs. The combined use of
antibiotics, wound dressings and NPWT may accelerate wound healing. However, the

efficacy of oxygen therapy must be confirmed in more high-quality studies.
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Additionally, the specific parameters of LLLT treatment for different DFUs also require
strict, large-sample RCTs researches to provide data. Biological scaffolds, stem cells,
exosomes, cell matrix, growth factors and PRP represent new approaches for the
treatment of DFUs. The preliminary data seemed positive and revealed a potential
effect, but the specific mechanisms of action of these therapies are not clear, and further
clinical research may provide better suggestions. In summary, multidisciplinary
combination treatment should be adopted in the treatment of DFUs.

The current situation is that the screening rate and follow-up rate of DFUs are low,
the incidence rate and the amputation rate are high, and many treatment methods are
available, but the effect is not satisfactory. However, with the development of the
information age, people's understanding of diabetes and DFU has gradually improved,
and various new technologies have been continuously developed, which provides
opportunities for the management of DFUs. In the future, comprehensive prevention
and treatment management of DFUs are needed to avoid the occlurrence of DFUs,
effectively shorten the healing time of DFUs, improve the clinical cure rate, reduce the
amputation rate, improve the standard of living of patients with DFUs, and reduce the

social burden. This task may be a complex, huge and meaningful project.
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Table 1 Introduction to common clinical dressings(®

Type of Character Scope of Advantage Shortcoming

dressing application

Film The Clean and Good air Strong adhesiveness,

dressing polyurethane superficial permeability, non-absorption, easy
film is used wounds. isolating bacteria accumulation of
as a and liquid, wound exudates,
protective transparent film, leading to easy growth
layer or a easy to observe of bacteria and
second layer the wound, less infections, and
of dressing. immersion, no impermeability of

pain. proteins and drugs.

Foam It i1s Burns, Strong water Strong adhesiveness,

dressing composed of chronic absorption, local forming an opaque
polyurethane wounds, humid layer, hindering
or a silicone cavity environment, free wound observation,
resin center wounds, from bacteria, unsuitable for dry
with a semi- deep easy to use and wounds, and poor
closed outer ulcers. low cost. stability.
layer.

Hydrogel The Most Supplement Translucent,

dressing composition wound and water to maintain semipermeable to gas

is 70%-90%
and

cross-linked

water

insoluble
starch

polymer;

bum types. a

humid
environment,

high exudation,
poor  adhesion,
easy to remove,

accelerate wound

and water vapor, poor

bacterial barrier,

sometimes poor

mechanical

stability,

frequent replacement

needed, and may




Alginate
dressing

Hydrocolloid
dressing

super
absorbent
resin.
Alginate is Surgical
composed of wounds
calcium
alginate and
a calcium-
sodium
complex,
forming a gel
on the
wound
surface to
promote
Hemostasis.

It is Chronic

composed of ulcers and

viscous burns.
materials,

hydrophilic

colloids,

artificial

elastomers,

and other
componernts

that contact

and burns.

reduces

healing,
pain and
inflammation,

and low cost.

Strong water
absorption, non-
adhesion,  high
stability, easy to

be removed by

salt water, and
good bacterial
barrier.

Strong water
absorption,  salt
water or

sterilized water is
easy to clean and

remove, not easy

to adhere, high
density, good
waterproof

performance, and

no pain.

cause secondary

damage to the wound.

Expensive, smelly,
materials,

difficult to handle.

scarce

Slight cytotoxicity,
unstable volume, easy
leakage of exudate,
delayed healing of
dextran hydrocolloid,
impermeable,

unpleasant smell, and
obstructing wound

observation.

th
th
-
th
=)




wound

exudates to
form gels
and exert its

functions.
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