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Abstract

Diabetic foot ulcers are a prevalent complication that can significantly impact
quality of life and necessitate high-level amputations. Hence, early diagnosis
and treatment, elucidation of pathogenesis, and targeted countermeasures as-
sume paramount importance. Wound healing entails a complex process
wherein various components such as inflammatory cells, extracellular matrix,
and immune cells intricately interact with each other. Due to the vulnerability
of the skin to damage, inadequate or impaired wound healing has emerged as
an urgent clinical challenge requiring resolution. This paper provides a com-
prehensive overview of the pathogenesis, diagnosis, and treatment of diabetic
foot ulcers in order to offer theoretical guidance for specific interventions.
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1. Introduction

The prevalence and incidence of diabetes is increasing rapidly, and it is the com-
plications of diabetes that pose a major threat to patients, one of the common
chronic complications is ischemic ulcer (DFU), which results in reduced oxygen
supply and required nutrients for the ulcer. The skin of diabetic patients is easily
damaged, and the epidermal cells on the wound cannot produce the necessary
factors such as vascular endothelial growth factor (VEGF) and platelet-derived
growth factor (PDGF) required to promote healing [1]. This results in damage
that is difficult to heal, seriously affecting the quality of life and health of patients.
The treatment of diabetic foot ulcer has become one of the important topics in
clinical medicine. With the progress of scientific research, experts began to pay

attention to transcription factors, angiogenesis, neuropeptides, etc., in order to
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improve the treatment effect of diabetic foot ulcers.

2. Diagnostic Criteria and Research Progress

2.1. Diagnostic Criteria

The World Health Organization defines diabetic foot as: lower extremity infec-
tion, ulceration and (or) deep tissue destruction induced by diabetic patients
with various neuropathy and peripheral vascular lesions of different degrees [2].
The lesions may involve joints, tendons and surrounding soft tissues [3]. Exist-
ing evidence has confirmed that MRI is the best imaging method for the diag-
nosis of soft tissue, muscle, joint and bone lesions [4]. Although there is no uni-
versal standard for clinical diagnosis, the grade classification proposed by Wag-
ner et al. is one of the most commonly used methods. This method divides foot
lesions into different types and levels based on the degree and depth of tissue
necrosis. This classification method is concise and easy to remember, and has
been widely used in clinical practice. However, the main disadvantage of this
classification method is that it ignores the influence of pathophysiological fac-

tors such as ischemia and infection.

2.2. Treatment Methods and Progress

Foot ulcers in diabetic patients are a chronic disease, so wound repair takes a long
time. In the course of treatment, chronic wounds need to be transformed into
acute wounds to promote rapid recovery of ulceration. Treatment methods can
generally be divided into two kinds: traditional Chinese and Western medicine
and traditional Chinese medicine [5]. Basic treatment includes active response to
various risk factors, such as the use of insulin glargine, control of hypertension,
prevention of myocardial infarction and cerebrovascular disease, and can also be
treated by lifting the circulatory system of the foot and using vasodilators. If nec-
essary, bypass surgery may be considered. However, in the case of the lower limb
artery is basically blocked, it is particularly easy to lead to bacterial infection, and

the treatment is more difficult.

2.2.1. Debridement

Patients with chronic diabetes may need surgery to deal with the infection [6]. The
purpose of surgery is to remove potential sources of infection and promote heal-
ing of the ulcer. The procedure usually involves removing dead tissue and making
sure the wound is healthy and exposed. Traditional treatments include excision

and debridement with scissors and scalpel.

2.2.2. Trauma Dressing

Selecting a suitable wound dressing is crucial for the treatment of patients with
chronic diabetes, helping to maintain a moist environment on the wound [7], pre-
venting the absorption of seepage, and promoting tissue regeneration. Trauma

dressings commonly used in medicine include transparent dressings.
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2.2.3. Negative Pressure Wound Healing

Negative pressure therapy is a common treatment for chronic diabetic foot ulcers.
In terms of treatment strategy, it is necessary to fully clear the ulcerating wound
and destroy the infected necrotic tissue. In order to promote wound healing,
closed negative pressure drainage system was used to repair the wound. For open
wounds, it is necessary to cover the appropriate dressing and connect the suction
system. Normative negative pressure is then applied for attraction [8] to promote
wound healing. During treatment, the dressing should be changed in time to pre-
vent infection. The treatment of chronic foot ulcers requires changing the dressing

every 2 - 3 days.

2.3. Mechanism of Slow Healing of Diabetic Foot Ulcer

2.3.1. Hyperglycemia

AGEs (advanced glycation end products) are the products of excessive non-en-
zyme-catalyzed reactions of sugars, proteins, fats, nucleic acids and amino acids
in the body [9]. People with diabetes accumulate excessive amounts of blood sugar
in the body due to long-term high blood sugar. Excessive accumulation of AGEs
will inhibit the function of mononuclear macrophages and reduce their ability to
secrete cytokines. Endothelial cells play a role in the formation of blood vessels
during wound healing and proliferation. Because the protein binds to AGEs on
the membrane surface, it may inhibit the proliferation of endothelial cells, and
may also induce apoptosis. AGEs may also affect the survival rate of fibroblasts.
At the same time, some studies have shown that AGEs may also have certain ef-
fects on growth factors [10]. Maurizio found that glycosylation of fibroblast
growth factor (FGF-2) may be increased in hyperglycemic mice compared to nor-
mal glycemic mice (P < 0.001), and may significantly reduce the in vitro chemo-
tactic of FGF-2 and its in vivo angiogenic properties. This suggests that high blood
sugar may affect the glycation of certain growth factors, which may cause them to

lose their normal function.

2.3.2. Abnormal Inflammatory Response

A notable feature of diabetes is the prolonged duration of the inflammatory re-
sponse after chronic low-level inflammation, which is not conducive to wound
healing. Chronic low level inflammatory response is a manifestation of immune
system dysfunction in diabetic patients. Because neutrophils begin to gather near
the wound at the beginning of the inflammatory phase, their activity is reduced in
diabetic foot patients, so diabetic patients are more susceptible to infection and
lead to wound deterioration. Clinical and experimental studies have shown that
neutrophils in diabetic mice have defects in chemotaxis, phagocytosis and bacte-
ricidal ability. Another type of macrophage that plays an important role in inflam-
mation does not function properly in people with diabetes. Recent studies by
Mirza et al. have shown that the increase of inflammatory cytokine interleukin-14
(IL-1p) and the inhibition of IL-14 pathway can promote wound healing [11],
which may be achieved by regulating the transformation of macrophage M1/M2.
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2.3.3. Impaired Angiogenesis

The formation of blood vessels is important for tissue repair, as well as providing
nutrition and support for other cells. However, in patients with diabetes, angio-
genesis is severely inhibited, in which a decrease in vascular endothelial growth
factor (VEGF) is a key factor. EPCs are involved in endothelial cell repair, secre-
tion of angiogenic factors, and protection of the integrity of damaged endothelial
cells. Non-enzymatic glycosylation of the vascular basement membrane caused by
hyperglycemia impairs the migration ability of EPCs and thus affects vascular re-
generation. In addition, oxygen supply is essential for angiogenesis. Under normal
circumstances, local hypoxia induces hypoxia-inducible factor-1 (HIF-1) expres-
sion, which in turn regulates a variety of cellular processes, including angiogene-
sis, metabolism, and apoptosis. In diabetic wounds, the expression of HIF-1a and
its target genes is reduced, resulting in impaired angiogenesis and delayed wound

healing.

2.3.4. Extracellular Matrix

Extracellular matrix (ECM) is an important component of diabetic foot wound
healing. It provides a scaffold for cell interactions that help promote tissue growth
and regeneration. In the process of diabetic wound healing, the activity of MMPs
increases while the content of TIMPs decreases, resulting in the imbalance of the
ratio of MMPs to TIMPs. The levels of MMP-1, MMP-8, and MMP-9 were ele-
vated in long-term unhealed wounds, while the levels of TIMP were relatively low.
Compared to normal wounds, the amount of MMP-8 from neutrophils in diabetic
wounds may be as high as 50 - 100 times. In the diabetic wound environment,
selective inhibition of MMP-9 may help accelerate healing. Regulation of MMP
levels may help promote the healing of diabetic wounds. Overall, the imbalance
between MMPs and TIMPs increases the degradation of the extracellular matrix,
leading to abnormal collagen synthesis and affecting cell migration ability associ-
ated with proliferation.

2.4. Research Progress on the Mechanism of Wound Healing

2.4.1. Signal Transduction Pathway

Studies have shown that the factors that promote the healing of diabetic foot ulcer
are related to inhibiting apoptosis, promoting fibrocyte proliferation, promoting
angiogenesis, accelerating epithelialization, etc., which involve the regulation of

multiple signal transduction pathways and various cytokines [12].

2.4.2. Angiogenesis and Wound Healing

The main components of granulation are fibroblasts and new capillary beds.
VEGEF is a specific vascular growth factor that binds and activates VEGFR-2, a
specific receptor on the surface of endothelial cells, and promotes endothelial
growth. Yu Zeyang et al. [13] found in the experiment of diabetic foot ulcer model
rats. After effective intervention, the expressions of VEGF, VEGFR2, mRNA and
protein in wound tissue are up-regulated, which may be the mechanism of wound

healing. In the study of Luo Liya et al [14], it was found that the effect on ulcer
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tissue inflammation and lymphatic vessel repair was due to the insufficient vitality
and decreased number of macrophages secreting VEGF. In normal tissues, VEGF
can promote and induce angiogenesis and promote cell migration [15] [16].

Therefore, VEGEF is a key factor in wound healing.

3. Conclusion

Diabetic foot is one of the most common complications in people with diabetes,
and the main goal of treatment is to maintain blood sugar levels and reduce foot
symptoms. Among them, diabetic foot ulcer is one of the typical manifestations
of this complication. The key to treatment is to keep blood sugar levels stable;
Secondly, surgical removal of necrotic tissue is the main means to control infec-
tion and promote tissue healing. In recent years, Zeng Naxin et al. [17] found that
diabetic neuropathy leads to reduced relaxation of foot muscles and ligaments.
Periosteum stretch can effectively promote wound healing and tissue regeneration
by adjusting foot muscles, tissues and posture, thereby changing foot burden, re-
ducing local pain, alleviating inflammatory response, and increasing blood circu-
lation and metabolism. The emergence of new surgical methods provides more
possibilities for the treatment of chronic wounds. With the continuous improve-
ment and development of experimental techniques in molecular biology, immu-
nology, genetics and other fields, more and more factors affecting wound healing
have been revealed. These scientific advances offer more possibilities for healing
intractable wounds. We look forward to new breakthroughs and progress in the

future, and believe that there will be better ways to heal intractable wounds.
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