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Objective: The quality of life of diabetic patients is seriously affected by wound healing difficulty, which can lead to increased
infection, skin deep tissue injury and continuous pain. By analyzing the research trends and hot spots in this field, the visualization
analysis map is constructed.

Methods: The contents of the selected articles were sorted out and analyzed by bibliometrics. We use CiteSpace, Vosviewer and
HistCite to visualize literature information, including national publication statistics, institutions, authors, journal partnerships, and
citations of published articles.

Results: Among the 2942 articles, the United States and China ranked first in both article circulation and TGCS, and many countries
also cooperated. The collaboration between schools and research institutions is a core part of dissertation research institution
collaboration, with most authors coming from the same institution. Most of the literature studies on the mechanisms and methods
of promoting diabetic wound healing. Improving cell function or making innovative attempts in local treatment are the fruits of
researchers’ efforts to promote diabetic wound healing in recent years.

Conclusion: Through the metrology method, the time distribution, author institution, cooperation network, research status, research
hotspot and development trend of the literature on the influence of diabetes on wound healing were intuitively displayed, which
provided a reference for further research and development direction.
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Introduction

Diabetes, a prevalent chronic metabolic disorder, poses an increasing global health threat. The World Health Organization
reports that a significant number of individuals worldwide are afflicted with diabetes, a number that continues to rise.' In
addition to elevated blood glucose levels, insulin resistance, and associated complications, impaired wound healing
presents a significant challenge for individuals with diabetes.

Recent years have witnessed notable progress in strategies to improve wound healing in diabetic patients, encom-
passing novel pharmacological interventions, state-of-the-art wound care technologies, and innovative approaches to
glycemic control and infection management. However, the field is marked by rapid evolution and a constant influx of
novel methodologies and technologies, emphasizing the necessity of regularly reviewing and integrating the extensive
array of emerging data.

Wound healing refers to the process by which wounds return to their normal state with the support of a series of
biological processes after injury.”* However, diabetic wounds are skin and tissue damage caused by prolonged high
blood sugar. If left untreated and unmanaged, diabetic ulcers can lead to the following consequences. 1. Infection: Due to
the weak immune function of diabetic patients, ulcers are easily infected, and infection will further delay the healing rate
of ulcers. Severe infections can spread to surrounding tissues and bones, threatening the health of the body. Severe cases
can even lead to gangrene: When the tissue in the ulcer is severely infected, and the blood supply is insufficient, tissue
necrosis may occur, forming gangrene. Gangrene severely threatens surrounding tissues and organs and requires urgent
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treatment, including surgical removal of dead tissue.”® 2. Deep tissue damage: Diabetic ulcers usually occur in the foot
and may cause damage to the deep tissues of the foot, such as muscles, ligaments, and bones, due to neuropathy and
circulation problems. This can lead to joint stiffness, muscle dysfunction, and even fractures.”* 3. Chronic pain: Diabetic
ulcers may cause persistent pain that affects the patient’s quality of life and daily activities. Chronic pain can hurt
emotional and mental health.**-'°

Given the rapidly evolving landscape of wound healing strategies in diabetes care, there is an urgent requirement for
a comprehensive analysis that comprehensively delineates the current state of research. A bibliometric analysis provides
a systematic method to chart the course of these developments, discern predominant trends, and underscore areas necessitating
additional exploration. Such an analysis plays a pivotal role in offering a complete perspective on the advancements achieved
to date and in delineating potential pathways for future research initiatives. In recent years, there have been a number of review
articles on diabetes and wounds, to summarize the new treatment modalities and developments in the rehabilitation of wounds
in diabetic patients. So let us analyze it from a brand-new literature dose perspective, which is very impressive.

Citespace and Vosviewer are literature visualization and analysis software. After understanding and studying certain
literature materials utilizing econometric analysis, visualization maps are made, hot spots are analyzed around the current
situation of the research content and development trends are explored.''™'* HistCite is a citation analysis tool that can
quickly map directions in the same field, organize the number of citations, and identify critical studies and researchers.'

This paper is based on a literature analysis spanning nearly 20 years, utilizing software to organize and visually
display the literature information. It encompasses a review of relevant research on diabetes and wound healing,
encompassing theoretical foundations, application effectiveness, development, and shortcomings both domestically and
internationally. Additionally, it offers comprehensive data and analysis for researchers and institutions in related fields.

Materials and Methods

Data Sources

Using the core collection of Web of Science databases, with the title “Wound Healing”, synonyms include: “Wound
Healings”; “Wound Healing”; “Healings, Wound”. The title is “Wound Healings”; synonyms include: “Diabetes
Mellitus”; “DM”. The date range is 2003—01-01 to 2023-05-31. After combining the above two search results with
“AND”, 5737 kinds of literature were selected. Through manual screening, the types of meetings, newspapers, abstracts,
and books were excluded, and after reading the title and abstract of the article, the articles unrelated to the content of the
subject word were deleted, and a total of 2942 articles meeting the requirements were obtained.

Analytical Tools

The HistCite software is used to visualize and analyze the data of countries/regions, institutions, and periodicals after
statistics—Journal Impact Factor (IF) from Journal Citation Reports (2022). CiteSpace can be used to analyze keywords
and article clustering information. Through Vosviewer, we can visualize and explore the knowledge of the publishing
institution and the author. By analyzing the relevant information, you can build a co-occurrence network to get relevant
research hot spots and development trends in recent years. When constructing the cluster analysis map of keywords and
articles in this study, CiteSpace6.2.R2 was set as Slice=3 and g-index k=25 to ensure that the node information obtained
from each time slice was as similar as possible. Set Pruning to Pathfinder and Pruning sliced networks and Pruning the
merged network.

Results

Literature Statistics
As shown in Figure 1, a total of 2942 pieces of literature were selected for inclusion from 92 countries and regions,
14,082 authors, 937 journals, and 5264 keywords. By calculating the Total Global Citation Score(TGCS), we found that
127 research articles were cited more than 100 times, of which 27 were awarded more than 200 times.

According to the trend chart of article publication years in Figure 2A, we find that articles in 2016 and 2020 have the most
significant amount of citations, which indicates that articles in these two years are of high quality and have citation value, worthy
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Figure | Flow chart of literature screening.
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Figure 2 (A). Yearly output and TGCS; (B). Global trends in the number of publications by country; (C). Global cooperation in publishing; (D). Global distribution of
publications (by TGCS).
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of scholars’ attention. The number of published papers has increased yearly, from 29 published in 2003 to over 400 published in
2022. In the past five months of 2023, the number of relevant articles has reached 231; the reason for the low TGCS value, we
believe is because the year is too early, but the content is very innovative, and the number of citations will be significantly
increased in a few years.

Geographical Distribution of the Literature

Figure 2B shows the number of published articles by country. It can be seen that the number of pieces from China and the
United States has increased year by year, and they occupy a large proportion. This also represents the increasing attention
of researchers in these two countries to the relationship between diabetes and wound healing. Figure 2C shows that the
United States and China have the most significant number of publications and close cooperation with many other
countries. As can be seen from Figure 2D, the quality of TGCS papers published in Europe, America, and Asia in this
field is high, and the content of the papers is worthy of being cited, which is of great value to the research field.

Table 1 lists the top 10 countries in terms of the number of articles in the study, of which 5 are European countries
with a total of 492 pieces (16.72%), and 4 are Asian countries with 1223 articles (41.57%). The top three countries in
terms of Average Citation Index(ACI) values are Sweden, the USA, and France, indicating that these three countries are
more mature and have more valuable research content in this area than other countries.

As shown in Table 2, most of TGCS’s top 20 institutions are in the United States, China, and Sweden. The No. 1
institution is Harvard University, which has the highest TGCS score. It was followed by the University of Pennsylvania
in the United States and Shanghai Jiao Tong University in China. Kyoto Prefectural University of Medicine has an ACI
of 114.14, higher than other institutions. It is the only institution in the table from Japan. Although the number of articles
is only 7, the average number of citations is very high, indicating that the articles’ content value is high and worthy of
study. Texas A&M University had an ACI of 105.50, and Rosalind Franklin University of Medicine and Science had an
ACI of 94.08. Through this data, we found that the United States is significantly ahead of other countries in studying the
impact of diabetes on wound healing.

Analysis of Journals

Table 3 lists the top 20 journals by number of publications. Among these journals, the total number OF papers published
in JOURNAL OF WOUND CARE (N=80,2.72%), followed by WOUND REPAIR AND REGENERATION(N=75,2.55%).
The top three TGCS are DIABETES, WOUND REPAIR AND REGENERATION, and PLOS ONE. 1t is worth noting that
DIABETES published 56 articles, but the TGCS was very high, and the ACI value was as high as 76.84. The content of

Table | The Data Ranked the Top 10 Countries by TGCS

Rank | Country Region Recs | Percentage | TGCS | ACI
| USA North America 746 25.36 28,990 | 38.86
2 China East Asia 769 26.14 15,795 | 20.54
3 UK Western Europe 158 5.37 5418 34.29
4 Japan East Asia 113 3.84 3544 31.36
5 Germany | Central Europe 132 4.49 3493 26.46
6 Italy South Europe 94 3.20 3172 33.74
7 Sweden North Europe 41 1.39 2711 66.12
8 India South Asia 187 6.36 2673 14.29
9 France Western Europe 67 2.28 2424 36.18
10 Iran Western Asia 154 5.23 2274 14.77
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Table 2 The Top 20 Institutions (Based on Records and TGCS Respectively)

Rank Institution Country | Recs | TGCS | ACI
| Harvard Univ USA 42 3154 75.10
2 Univ Penn USA 28 2125 75.89
3 Shanghai Jiao Tong Univ China 73 1962 26.88
4 Stanford Univ USA 24 1347 56.13
5 Rosalind Franklin Univ Med & Sci USA 13 1223 94.08
6 NYU (New York Univ) USA 20 1196 59.80
7 Boston Univ USA 15 1106 73.73
8 Northwestern Univ USA 19 1105 58.16
9 Penn State Univ USA 13 1079 83.00
10 Sun Yat Sen Univ China 46 1076 23.39
I Harvard Med Sch USA 27 1040 38.52
12 Karolinska Inst Sweden 16 925 57.81
13 Tongji Univ China 30 904 30.13
14 Malmo Univ Hosp Sweden 10 873 87.30
I5 Univ lllinois USA 25 854 34.16
16 Texas A&M Univ USA 8 844 105.50
17 Lund Univ Sweden I 806 73.27
18 Kyoto Prefectural Univ Med Japan 7 799 114.14
19 Univ Messina Italy 13 768 59.08
20 Univ Arizona USA 12 740 61.67

articles published in this journal is worthy of being cited by research, and it is easier for researchers to study and explore.
Other journals with relatively high ACI values include DIABETES-METABOLISM RESEARCH AND REVIEWS (47.94).
PLOS ONE(44.67) and JOURNAL OF INVESTIGATIVE DERMATOLOGY (39.60). The ACI value of these journals is
relatively high, and the impact factor is mainly greater than 6, which means that journals have higher requirements for
manuscripts, many scholars have cited their published articles, and their contents are worthy of attention.

Figure 3 shows a double map overlay of journals. The left of the diagram represents citing journals, and the right side
of the graph represents the relationship between the referenced journals. The orange and green lines indicate that articles
published in Molecular/Biology/Immunology are mainly cited in Medicine/Medical/Clinical journals. The longer the
horizontal axis of the ellipse, the more articles are published in journals. The longer the longitudinal axis of an ellipse, the
more authors it represents. We found that articles in similar journals frequently cited each other, and the relationship

between medicine, clinic and biology was closely linked, which provided a basis for drug exploration and discovery.

Analysis of the Cooperative Relationship Between Authors and Institutions

Figure 4A shows the collaborative relationship between institutions, and Figure 4B represents the collaborative relation-
ship between authors. Each node in the graph is an institution; the node’s size is proportional to the number of documents
issued by the institution; the connection is the cooperative relationship between different institutions, and the thickness of
the link is proportional to the strength of the collaborative relationship. Most top institutions are universities or research
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Table 3 The Top 20 Journals (Based on Recs)

Rank Journal Recs | TGCS | ACI | IF(2022)
| JOURNAL OF WOUND CARE 80 551 6.89 1.9
2 WOUND REPAIR AND REGENERATION 75 2530 | 33.73 29
3 INTERNATIONAL WOUND JOURNAL 72 1615 | 22.43 3.1
4 DIABETES 56 4303 | 76.84 7.7
5 PLOS ONE 49 2189 | 44.67 37
6 INTERNATIONAL JOURNAL OF LOWER EXTREMITY WOUNDS 46 698 15.17 1.7
7 WOUNDS-A COMPENDIUM OF CLINICAL RESEARCH AND PRACTICE 43 515 11.98 1.7
8 DIABETES-METABOLISM RESEARCH AND REVIEWS 35 1678 | 47.94 8
9 INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES 33 276 8.36 5.6
10 JOURNAL OF INVESTIGATIVE DERMATOLOGY 30 1188 | 39.60 6.5
I DIABETES RESEARCH AND CLINICAL PRACTICE 24 553 23.04 5.1
12 STEM CELL RESEARCH & THERAPY 24 726 30.25 7.5
13 PHOTOMEDICINE AND LASER SURGERY 23 835 36.30 /
14 ADVANCES IN WOUND CARE 22 245 11.14 4.9
15 SCIENTIFIC REPORTS 22 563 25.59 4.6
16 JOURNAL OF DIABETES AND ITS COMPLICATIONS 20 544 27.20 3
17 JOURNAL OF SURGICAL RESEARCH 18 649 36.06 22
18 OSTOMY WOUND MANAGEMENT 18 626 34.78 /
19 ADVANCES IN SKIN & WOUND CARE 17 185 10.88 24
20 JOURNAL OF DIABETES RESEARCH 17 358 21.06 43

institutes, and few hospitals. This shows that the research is still biased toward basic research. Due to the large number of
authors and institutions, only central cooperative nodes in the collaborative network are selected in this paper. These are
chosen according to the number of authors’ reports and the closeness of cooperation.

Analysis of Keywords

The top five keywords in frequency were diabetes mellitus, wound healing, foot ulcer, expression, and angiogenesis.
From the above words, we can see the main content of this research direction and the central nodes of other essential
research directions. The map of high-frequency co-occurrence words is shown in Figure 4C, where the circular node
wrapped by a purple circle indicates that the centrality of this keyword is more significant than 0.1, indicating that they
are closely related to other keywords and have a relatively large proportion discussed in the paper. The nodes with red
dots are the top breakout words and the trends and developments in this field. The relevant information on the top 20
high-frequency keywords is summarized in Table 4, which reflects the main keywords discussed in relevant literature in
recent years. Figure 4D shows the top 20 most cited burst words; the longer the red area, the longer the word has been
mentioned. These include mice, ulcers, nitric oxide, Mellitus, and complications. The most popular words in the last five
years are impact, antibacterial, and hydrogel. These words are all explosive words in the research on diabetes and wound
healing in recent years. We found that diabetic mice, as experimental animals, are the focus of research, and most of the

primary research uses these animals. One of the complications of diabetes is diabetic foot, which is a significant problem
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Figure 3 The dual-map overlay.
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Table 4 The Top 20 Keywords

Rank Keywords count | Centrality | Rank Keywords count | Centrality
| Diabetes mellitus 1052 0.01 I Skin 193 0
2 Wound healing 1024 0 12 Diabetic foot 185 0.01
3 Foot ulcer 566 0 13 Therapy 169 0.04
4 Expression 457 0.01 14 Proliferation 166 0
5 Angiogenesis 307 0.01 15 Activation 166 0.08
6 Management 247 0.01 16 Diabetic wound 153 0
7 Cells 232 0 17 Growth factor 150 0
8 Oxidative stress 206 0.08 18 Mice 147 0
9 Inflammation 203 0.02 19 Ulcers 147 0
10 Repair 194 0.01 20 Disease 142 0.0l

worldwide. For this ulcer problem, the current treatment methods tend to make antibacterial hydrogels through the anti-
inflammatory, bactericidal mechanism to promote wound healing. This also gives us hints for future research.

Key Article Analysis
We have summarized the top 10 TGCS articles. Table 5 is a summary of the basic information of the articles. These
representative articles’ contents are precious, and the contents of the top 3 pieces are summarized. According to the content,
most papers study the mechanism and methods of promoting the healing of diabetic wounds. Improving the function of cells or
making innovative attempts at topical therapies are the results of researchers’ efforts to promote wound healing in diabetes in
recent years. The content of these articles can be used as the research basis and foundation of other scholars.

Loomans CJMet al, a novel concept of endothelial progenitor cell dysfunction in the pathogenesis of vascular
complications in type 1 diabetes, published in 2004." It is suggested that endothelial progenitor cell dysfunction plays

Table 5 Top 10 Articles (Based on TGCS)

TGCS First Author Title Year Journal
713 Loomans CJM'® Endothelial progenitor cell dysfunction - A novel conceptin | 2004 DIABETES
the pathogenesis of vascular complications of type |
diabetes
636 Wong SL'¢ Diabetes primes neutrophils to undergo NETosis, which 2015 NATURE MEDICINE
impairs wound healing
602 Armstrong DG'7 | Negative pressure wound therapy after partial diabetic foot | 2005 LANCET
amputation: a multicentre, randomised controlled trial
527 Gallagher KA'® Diabetic impairments in NO-mediated endothelial 2007 JOURNAL OF CLINICAL
progenitor cell mobilization and homing are reversed by INVESTIGATION
hyperoxia and SDF-1 alpha
420 Amor C"? Senolytic CAR T cells reverse senescence-associated 2020 NATURE
pathologies
387 Dowd SE* Polymicrobial Nature of Chronic Diabetic Foot Ulcer 2008 PLOS ONE

Biofilm Infections Determined Using Bacterial Tag Encoded
FLX Amplicon Pyrosequencing (bTEFAP)

(Continued)
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Table 5 (Continued).

TGCS First Author Title Year Journal
365 Botusan IR?' Stabilization of HIF-1 alpha is critical to improve wound | 2008 PROCEEDINGS OF THE NATIONAL
healing in diabetic mice ACADEMY OF SCIENCES OF THE

UNITED STATES OF AMERICA

357 Lerman OZ* Cellular dysfunction in the diabetic fibroblast - Impairment | 2003 | AMERICAN JOURNAL OF PATHOLOGY
in migration, vascular endothelial growth factor production,

and response to hypoxia

357 Maruyama K2 Decreased macrophage number and activation lead to 2007 | AMERICAN JOURNAL OF PATHOLOGY
reduced lymphatic vessel formation and contribute to
impaired diabetic wound healing

314 Thangarajah H The molecular basis for impaired hypoxia-induced VEGF 2009 PROCEEDINGS OF THE NATIONAL
expression in diabetic tissues ACADEMY OF SCIENCES OF THE
UNITED STATES OF AMERICA

an essential role in vascular complications in diabetic patients. Due to the importance of endothelial cells in maintaining
blood vessel function and repairing damage, restoring endothelial progenitor cell function may help prevent and treat
vascular complications in patients with type 1 diabetes. This article provides new ideas about endothelial progenitor cell
dysfunction in the pathogenesis of vascular complications in type 1 diabetes. Further study and understanding of the role
of EPCs in diabetes may provide new therapeutic strategies for preventing and treating related vascular complications.

Wong SL et al published in 2015 on how diabetes causes neutrophil NETosis, and this process can have adverse
effects on wound healing.'® In people with diabetes, the release of NETs causes a significant buildup of DNA and
proteins in the wound area, creating an inflammatory environment that impedes the normal wound-healing process. These
NETs components form a physical barrier that prevents new cells from migrating to the wound site and may also cause
damage to surrounding healthy tissue, exacerbating the inflammatory response. Impaired wound healing in diabetic
patients is a multifactorial process, and NETosis is one of the mechanisms leading to this complication. Managing blood
sugar levels, controlling inflammation, and promoting proper wound care are essential strategies for improving wound
healing in people with diabetes.

Armstrong DG et al. Multicenter, randomized controlled trial of adverse pressure wound treatment after partial
diabetic foot amputation published in 2005."” This paper describes a clinical trial of partial diabetic foot amputations,
comparing the effect of negative pressure wound treatment with conventional dressing. The results of this multicenter,
randomized controlled trial support the effectiveness and advantages of adverse pressure wound treatment in some
diabetic foot amputees. Negative pressure wound treatment can promote wound healing, reduce the risk of infection, and
improve quality of life and functional recovery. This has important clinical significance for clinical practice and guiding
rehabilitation treatment of diabetic foot amputation patients.

Analysis of Article Structure Variation

Structural variation theory is a reorganization search in a high-dimensional common reference space. The primary
purpose of structural variation analysis is to detect unprecedented inter-cluster bridges or new types of remote connec-
tions and understand why specific connections are novel and valuable capabilities. The structure variation analysis of the
cited article was used here to find literature with significant impact potential. The keyword clusters with different colors
in Figure 5, including Cluster #0 diabetic wound regeneration; Cluster #1 promoting wound healing; Cluster #2 diabetic
ulcer; Cluster #3 no-mediated endothelial progenitor cell mobilization; Cluster #4 tissue regeneration; Cluster #5
manganese superoxide dismutase; Cluster #6 pro-apoptotic gene; Cluster #7 consensus recommendation; Cluster #8
ultrasound therapy; Cluster #9 ga-as laser. The keywords of these clusters are closely related to diabetes and wounds. By
Table 6, we can find their representative articles mainly include the causes of injury nonhealing and treatment options,
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Figure 5 Keyword clusters of cited articles.

improving cell function, and physical ultrasound therapy are effective. The color-coded sections reflect when co-citation

links appeared for the first time in those areas. Different colors represent different clusters, and each cluster has several

representative articles.

Table 6 Clusters Represent Articles

ID | Recs | Silhouette Keywords Title First Author
0 204 0.852 Diabetic wound Evaluation of wound healing in diabetic foot ulcer using platelet-rich Mohammadi,
regeneration plasma gel: a single-arm clinical trial MH(2007)%
| 190 0.882 Promoting wound Neuroprotectin/protectin d|: endogenous biosynthesis and actions on Hong,
healing diabetic macrophages in promoting wound healing and innervation S (2014)%
impaired by diabetes
2 187 0.962 Diabetic ulcer Recent advances in responsive hydrogels for diabetic wound healing Zhang,
S (2022)%
3 130 0.97 No-mediated Hyperbaric oxygen and bone marrow-derived endothelial progenitor Gallagher, KA
endothelial progenitor cells in diabetic wound healing (2006)28
cell mobilization
4 124 0.88 Tissue regeneration Treatment of diabetic wounds with fetal murine mesenchymal stromal Badillo, AT
cells enhances wound closure (2007)29
(Continued)
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Table 6 (Continued).

ID | Recs | Silhouette Keywords Title First Author
5 105 0.896 Manganese superoxide Gene therapy of endothelial nitric oxide synthase and manganese Luo, D
dismutase superoxide dismutase restores delayed wound healing in type | (2004)*°

diabetic mice

6 97 0.972 Pro-apoptotic gene Advanced glycation end products enhance expression of pro-apoptotic Alikhani, ZB
genes and stimulate fibroblast apoptosis through cytoplasmic and (2005)*'

mitochondrial pathways

7 9l 0.96 Consensus Super-oxidized solution (sos) therapy for infected diabetic foot ulcers Paola, LD
recommendation (2006)32
8 79 0.992 Ultrasound therapy Protocol for treatment of diabetic foot ulcers Brem, H
(2004)*
9 64 I ga-as laser Comparison of the photostimulatory effects of visible he-ne and Reddy, GK
infrared ga-as lasers on healing impaired diabetic rat wounds (2003)34
Discussion

According to the literature analysis, among the 2942 literature, both the United States and China rank high in article
circulation and TGCS, and many countries also cooperate. Cooperation between schools and research institutes is the
central part of the research institutions for articles, and most co-authors come from the same institution in the same
country. The primary focus of the literature revolves around the impact of diabetic injuries on patients, including the
causes and potential solutions for non-healing wounds. In recent years, new methods of wound treatment, such as
exploring the biological aspects of cell function and the physical aspects of ultrasound and laser, have emerged as
prominent research areas in this field. There is a notable presence of mutual citations among journals, especially with
articles cited in the early stages, indicating their significance during that time period. These articles hold great research
value and are worthy of attention from researchers in the field.

After reading a lot of relevant literature, we concluded that the reasons for the problematic healing of diabetic wounds
include the following: 1. High blood sugar: Chronic high blood sugar can cause damage to blood vessels, nerves, and the
immune system. High blood sugar can cause blood vessels to constrict and harden, reduce blood circulation, reduce
oxygen and nutrient supply to the injured site, and affect wound repair.*>>® 2. Microvascular disease: Diabetic patients
are prone to microvascular disease, which damages the microcirculation around the wound and causes insufficient blood
supply, delaying the healing speed of the wound.>’* 3. Decreased immune function: diabetes will suppress the immune
system’s function, decreasing the patient’s resistance and becoming prone to infection. Infection can aggravate the
inflammatory response of the wound and interfere with the normal healing process.””> 4. Neuropathy: Neuropathy
caused by diabetes will affect the sensory nerve and autonomic nervous system, reducing pain and temperature
perception, so that patients may not be able to detect the wound in time, delaying the time for treatment.”> 5.
Infection: Diabetic patients are prone to wound infection. Due to decreased immune function and poor blood circulation,
infection will aggravate inflammation and interfere with the repair process.”**** 6. Other complications: Patients with
diabetes are often accompanied by other complications, such as arteriosclerosis, hypertension, etc., further affecting
wound healing.”'** Figure 6 (by Figdraw) shows the primary classification and treatment of diabetic wounds. There are
various ways to treat diabetic ulcers, and specific treatment plans should be formulated according to the condition and
individual needs.***’

At present, there are some research and developments on the new methods and directions of treating diabetic ulcer
nonunion at home and abroad. The following are the more significant new approaches and tips: 1. Using growth factors:
Researchers are exploring using growth factors to promote the healing of diabetic ulcers. Growth factors can promote cell

proliferation and wound repair; some studies have shown that platelet-derived growth factor (PDGF) can accelerate ulcer
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Figure 6 The main classification and treatment of wounds.

healing.*®*’ 2. Stem cell therapy: Stem cell therapy is believed to promote tissue repair and regeneration potentially.
Some studies are considering using stem cells to treat diabetic ulcers; for example, mesenchymal stem cells (MSCs) have
been shown to promote wound healing and improve blood circulation.’®>* 3. Antimicrobial techniques: Since infection
is an essential factor in the difficulty of diabetic ulcers to heal, researchers are working to develop new antimicrobial
techniques to prevent and treat infections. For example, nanomaterials, antibacterial surface coatings, phototherapy, and
ultrasound reduce the risk of wound infection.’**> 4. 3D printing technology: 3D printing technology can produce
biological materials with complex structures and individual characteristics for wound repair. Researchers are experi-
menting with using 3D-printed artificial skin or stents to promote the healing diabetic ulcers.’*>* 5. Immunomodulatory
treatment: Because of decreased immune function in diabetic patients, some new treatment methods promote the healing
of ulcers through immune regulation. For example, immune inducers or biological agents are used to improve the
immune response in people with diabetes.’® 6. Bioactive substances and gene therapy: Researchers are also investigating
the use of bioactive substances (such as DNA, RNA) and gene therapy to promote the healing of diabetic ulcer.*® >

In this study, we used bibliometrics to analyze the relevant literature in the core database of Web of Science and
quantitatively and qualitatively analyzed the research contributions of different countries, institutions, journals, and
authors in this field through Citespace, HistCite, VOSviewer, and other software. The advantage of this paper is to sort
out the development of this discipline through the literature analysis in recent years. To identify valuable and
representative articles for a thorough analysis and to elucidate the current research trends, it is essential to consider
expanding the search beyond the Web of Science to include other databases. Accessing unpublished or published
literature from various sources will help in achieving more comprehensive statistics and a broader perspective. While
the paper focuses on analyzing essential information and key content from the literature, there is room for improvement
by delving deeper into the details. In future studies, it is recommended to explore additional databases and utilize diverse
software applications to enhance the ability to analyze literature content comprehensively. Moreover, researchers should
continue to prioritize the treatment of diabetic wound healing, aligning with the subject requirements while staying
updated on emerging trends and advancements in the field.
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