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ARTICLE INFO ABSTRACT

Keywords: Background: Nursing can effectively prevent and ameliorate diabetic foot ulcers (DFU). However,
Diabetic foot ulcers there is a lack of literature on the bibliometric analysis of DFU nursing. This study aimed to
DFUV analyze the research hotspots and development trends in DFU nursing over the past 10 years to
Nursing id £ for fu lated h

Bibliometrics provide references for future related research.

CiteSpace Methods: The Web of Science Core Collection was used to retrieve literature related to DFU

nursing from 2013 to 2023. Analyses included the annual publication trends; author, institution,
and country collaborations; journal and literature co-citation; and keyword co-occurrence, clus-
tering, and bursting, performed using CiteSpace 5.8 R3.

Results: A total of 229 papers were included, showing an upward trend in annual publications.
American scholar David G Armstrong (n = 3) and King’s College Hospital London (n = 4) were
the most productive authors and institutions, respectively. The United States ranked first (n = 45)
in national contributions, followed by China and Brazil. The overall research strength between
authors and institutions was relatively scattered, and intensive cooperation has not yet been
formed. National collaborations resulted in a core team dominated by Europe and North America
with concentrated research strengths. The most frequently co-cited journal and co-cited reference
were Diabetes Care (111 citations) and Armstrong DG (2017) (131 citations), separately. Research
hotspots mainly focused on risk assessment, classification systems, protective measures, and
clinical management of DFU. “Primary care” and “intervention efficacy” were identified as the
research trends in the coming years.

Conclusion: The field of DFU nursing requires more attention. Academic exchange and coopera-
tion between authors, institutions, and countries should be strengthened. Our future research will
focus on the latest hotspots and trends, conducting more in-depth and comprehensive studies on
DFU management.

1. Introduction

Diabetic foot ulcer (DFU) is a severe complication of diabetes mellitus, primarily caused by a combination of neuropathy and
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varying degrees of vascular disease due to poor glycemic control. It manifests as lower extremity infections, ulcer formation, or deep
tissue damage. In severe cases, amputation may be required, significantly increasing the risk of death [1]. Data show that approxi-
mately 18.6 million people worldwide are affected by DFU each year [2], with approximately 20 % undergoing amputation [3], and
the 5-year mortality rate exceeds 70 % post-amputation [4]. Additionally, the high cost of DFU treatment places a heavy burden on
patients, their families, healthcare professionals, and the society [4]. Therefore, it is vital to effectively prevent the occurrence and
development of DFU.

Nursing is critical for preventing ulcer recurrence and promoting wound healing. As educators, nursing specialists [5], can provide
patients and their families with relevant foot care knowledge and teach foot care skills to reduce ulcer recurrence and amputation
rates. Moreover, professional nursing staff can monitor and comprehensively evaluate wounds [6], providing a basis for medical
decision-making by healthcare professionals and increasing the treatment efficacy by selecting adjunctive measures based on
assessment results.

Currently, there have been many achievements in the field of DFU nursing, mainly focusing on interventions, health education, risk
factors, and management of foot ulcers. However, most studies are relatively single and need more integration of the overall content.
Additionally, the outcomes of traditional literature reviews are susceptible to subjective factors and lack sufficient credibility [7],
while the field lacks quantitative studies using numerical tools and statistical methods.

Bibliometrics is an effective method used in medical research to effectively analyze and describe research trends [8]. CiteSpace, a
commonly used analytical tool in bibliometrics, is a Java application developed by Chaomei Chen for visual analysis [9,10]. It can
extract, process, and identify key points and generate network views to analyze the current situation and frontiers of the field [11].
Therefore, this study aimed to use CiteSpace 5.8 R3 to visually analyze the pertinent literature on DFU nursing research from 2013 to
2023. We aimed to summarize the research status, research hotspots, and frontier trends in the past decade, offering a reference point
for subsequent research.

2. Materials and methods
2.1. Data source and search strategy

The Web of Science Core Collection (WOSCC) was selected as the search database for this study. Using a combination of subject
words and free words for search, the search strategy was TS= (‘diabetic foot’ OR ‘diabetic feet’ OR ‘diabetic foot ulcer’ OR ‘DFU’) AND
TS= (nursing OR nurse*). This strategy retrieved a total of 327 documents.

2.2. Data collation and download

The following inclusion criteria were applied: 1. Publication years: 2013-2023; 2. Literature types: articles and reviews; 241 studies
were screened. Second, the titles, abstracts, and related content were independently and manually screened by two researchers,
resulting in the exclusion of 12 papers due to irrelevance or poor relevance to the topic of this study, incomplete information, and
repeated publications. The results were cross-checked after completion, and disagreements were adjudicated in consultation with a
third party. Finally, 229 articles were exported as plain text files, named “download_diabetic foot,” and placed in the input folder. To
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Fig. 1. Bibliometric analysis of nursing of diabetic foot ulcer in the workflow.
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avoid any discrepancies resulting from daily updates, the search was completed on the same day (October 10, 2023).

2.3. Bibliometrics analysis

This study used Microsoft Excel 2021 to plot annual publication trends and CiteSpace 5.8 R3 for visual analysis. The fixed
parameter settings for CiteSpace were as follows: (1) time span from 2013 to 2023, time slice of one year; (2) association strength using
the cosine algorithm; (3) threshold selection of g-index, k = 25; and (4) pruning method selection of pathfinder, pruning sliced net-
works, and pruning the merged network.

3. Results
3.1. Analysis of annual publications

According to the literature-screening flowchart (Fig. 1), 229 publications related to DFU nursing were included between 2013 and
2023, comprising 193 articles and 36 reviews. As shown in Fig. 2, the annual number of publications increased from 13 in 2013 to 31 in
2022 (with incomplete data for 2023), with the highest output being 41 publications in 2020. Although the number of publications
fluctuated over the years, the overall trend continues to increase. Additionally, the linear trend line shows a relatively steady increase
in publications from 2013 to 2023, predicting that the increasing trend may continue in the coming years.

3.2. Analysis of authors, institutions, and countries

In Table 1, the top 10 authors in terms of publications were all from Europe or North America, with David G. Armstrong ranking
first with three publications. The institution with the highest number of papers was King’s College Hospital, followed by Bergen
University College, and the University of Toronto. As listed in Table 2, the United States was the most productive country (45 articles),
followed by China (21 articles) and Brazil (18 articles). Fig. 3 presents collaborative network maps of authors, institutions, and
countries. These maps reflect the collaboration among authors, countries, and institutions in this field and can be used to evaluate their
impact [12]. The node size represents the frequency or influence of a research object, with its importance is measured by mediating
centrality [11], which is proportional to the size of the purple outer circle. The thickness of the lines indicates the strength of the
connections between nodes [13]. As shown in Fig. 3(A), the author teams led by Chris Manu collaborated on the largest scale, focusing
on topics related to treatment delay. The University of Toronto-led research clusters occupied a central position in Fig. 3(B), with
emerging collaborations observed among diverse teams. Moreover, cooperation among nations is relatively close, particularly in the
international collaborative force centered around England (Fig. 3(C)).

3.3. Analysis of co-cited journals and references

The top three journals with the highest co-citation frequencies were Diabetes Care (IF = 16.2), International Wound Journal (IF =
3.1), and Diabetes-Metabolism Research and Reviews (IF = 8) (Table 3). In Table 4, Armstrong DG (2017) [14] was the most cited
reference, with 26 citations and Lipsky BA (2016) [15] had the strongest betweenness centrality of 0.5. Fig. 4(A) and (B) display the
co-citation analysis networks of journals and references, reflecting the disciplinary foundation and developmental changes in the field,
as well as the evolution of research topics [12]. The nodes in these maps represent journals or studies, with larger nodes indicating
higher frequency of citations. As shown in Fig. 5, we performed a burst analysis of literature co-citations. Based on the burst terms and
annual publication volume, 2013-2023 could was divided into three stages: 2013-2016, 2017-2020, and 2021-2023. The studies with
the highest burst values during the three periods were Bakker K (2012) [16], Bakker K (2016) [17], and Schaper NC (2020) [18].
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Fig. 2. The annual quantities of nursing of diabetic foot ulcer.
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Table 1

Top 10 contributory authors and institutions.
Rank Author Frequency Institution Frequency
1 David G. Armstrong 3 King’s College Hospital 4
2 Alvaro Astasio-Picado 3 Bergen University College 3
3 Chris Manu 3 University of Toronto 3
4 Beatriz Gémez-Munoz 3 Health Sciences University 2
5 Barbara L Davies 2 Universidade Federal de Sao Paulo 2
6 Paula Cobos Moreno 2 Complutense University of Madrid 2
7 Anna Polak 2 Universidade Federal do Ceara 2
8 Jon S. Woods 2 Duke University 2
9 Marjolein M. Lversen 2 Bispebjerg Hospital 2
10 Benjamin Bouillet 2 University of Arizona 2

Table 2

Top 10 contributory countries.
Rank Country Frequency Centrality Percent
1 USA 45 0.35 19.65 %
2 China 21 0.17 9.17 %
3 Brazil 18 0.2 7.86 %
4 Canada 17 0.34 7.42 %
5 England 16 0.7 6.99 %
6 Spain 14 0.09 6.11 %
7 Australia 12 0.23 5.24 %
8 Germany 10 0.09 4.37 %
9 France 9 0.23 3.93 %
10 Denmark 7 0.08 3.06 %
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Fig. 3. (A)Authors cooperation network; (B) Institutions cooperation network; (C) Countries cooperation network.

Table 3
Top 10 co-cited journals.
Rank Frequency Co-cited Journal
1 131 Diabetes Care
2 102 International Wound Journal
3 98 Diabetes-Metabolism Research and Reviews
4 88 Diabetic Medicine
5 71 Journal of Wound Care
6 67 Wound Repair Regen
7 63 Journal of Vascular Surgery
8 61 Advances in Skin & Wound Care
9 57 Diabetes Research and Clinical Practice
10 55 Diabetologia
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Table 4
Top 10 co-cited references.
Rank Frequency Author Source DOI
1 26 David G. Armstrong New England Journal of Medicine 10.1056/NEJMral615439
2 21 Pengzi Zhang Annals of Medicine 10.1080/07853890.2016.1231932
3 9 Nicolaas C. Schaper Diabetes/Metabolism Research and Reviews 10.1002/dmrr.3266
4 8 Karel. Bakker Diabetes/Metabolism Research and Reviews 10.1002/dmrr.2694
5 8 Anil Hingorani Journal of Vascular Surgery 10.1016/j.jvs.2015.10.003
6 7 Laura Coffey International Wound Journal 10.1111/iwj.13010
7 7 Sicco A. Bus Diabetes/Metabolism Research and Reviews 10.1002/dmrr.3269
8 6 Benjamin A. Lipsky Diabetes/Metabolism Research and Reviews 10.1002/dmrr.2699
9 6 David G. Armstrong Journal of Foot and Ankle Research 10.1186/513047-020-00383-2
10 5 Karel. Bakker Diabetes/Metabolism Research and Reviews 10.1002/dmrr.2253
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Fig. 4. (A) Co-cited journals network; (B) Co-cited references network.

Top 5 References with the Strongest Citation Bursts
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Fig. 5. The burst detection of co-cited references.
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3.4. Analysis of keyword co-occurrence

The keywords were selected as nodes to generate a keyword co-occurrence network map (Fig. 6). The lines in the map reflect the
correlation between keywords, with their thickness indicating the frequency of co-occurrence. The size of the nodes represents the
frequency of keyword occurrence. To facilitate processing, keywords with the same meaning were merged as follows: diabetic foot
ulcer, diabetic foot, foot ulcer, leg ulcer, diabetic foot infection, diabetic foot disease, and diabetic foot were merged as diabetic foot
ulcer; care, nursing, nursing care, and care were merged as care; ulcer and ulceration were merged as ulcer; primary health care and
primary care were merged as primary; and foot care, diabetic foot care, and diabetic foot ulcer care were merged as foot care. After
merging, keywords were introduced into Excel 2021 for statistical analysis. The top 20 high-frequency keywords are listed in Table 5.
Keywords such as prevention, risk, wound healing, and management were highly consistent with the clustered content.

3.5. Analysis of keyword clustering

Keyword clustering is a categorical aggregation of similar or related keywords [11], reflecting hotspots in a research field [12].
Using the LLR algorithm, a timeline map (Fig. 7) and clustering map (Fig. 8) were generated, resulting in 15 clusters with clustering
module values of S = 0.8932 and Q = 0.7438. Generally, Q > 0.3 represents that the clustering structure is significant. When S > 0.7,
the results are convincing, and when S > 0.5, the clustering structure is reasonable [12]. Thus, this clustering has high confidence and a
significant structure.

3.6. Analysis of keywords burst detection

A keyword burst refers to a sudden increase in keywords in a particular period, which is usually associated with hotspot transitions
in the research field. As shown in Fig. 9, the burst words from 2021 to 2023 included “nursing,” “efficacy,” “outcome,” “primary,” and
“leg ulcer.”

4. Discussion
4.1. General information

Annual publications in DFU nursing research showed integral growth, with a relatively stable annual growth rate, indicating
increasing attention from researchers to this field. However, the total number of publications over the last decade has been relatively
low, which could be attributed to the late start of nursing research [19] and the weak research strength. There is still considerable
space and potential for future development in this field. Regarding publication time, fluctuations in 2013-2016 may be related to the
early stage of the exploration period, and the slower growth from 2020 to 2023 may be related to the shift in research focus caused by
the COVID-19 pandemic [20,21]. Moreover, because this study was conducted until October 2023, the number of publications for the
year was limited.

Regarding research power, the top 10 authors with publications were all from North America or Europe, suggesting that the number
of publications was influenced by the economy to some extent [22]. High-producing institutions were dominated by universities,
which may be related to the attention and solid academic atmosphere of higher education institutions and universities [22]. Among the
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Fig. 6. Co-occurrence keywords network.
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Table 5
Top 20 keywords of nursing of diabetes foot ulcer.
Rank Frequency Keyword Rank Frequency Keyword
1 164 diabetic foot ulcer 11 19 wound healing
2 70 care 12 17 risk
3 69 diabetic foot 13 17 infection
4 52 ulcer 14 16 disease
5 48 management 15 16 prevalence
6 31 prevention 16 14 risk factor
7 25 amputation 17 13 wound
8 23 quality of life 18 13 pressure ulcer
9 23 diabetic 19 11 guideline
10 23 diabetes mellitus 20 10 wound care
201 201 2019 2022 2023
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Fig. 7. The timeline view of keywords.
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top 10 countries in terms of publications, developed and developing countries accounted for 80 % and 20 %, respectively. China and
Brazil ranked second and third, respectively, but their intermediary centrality was low, indicating that developing countries have paid
more attention to this field and published more papers in recent years; however, academic influence still needs to be enhanced. The
United Kingdom had a strong intermediary centrality and was leading in this field. From the cooperation network diagram, it is not
difficult to see that the cooperation between authors and institutions was in a state of overall dispersion and local concentration and
had not yet formed intensive cooperation. This suggests that communication and cooperation between the authors and institutions
should be strengthened. Collaboration between countries has formed a core team dominated by Europe and North America, indicating
that they hold a particular discourse in the field of DFU nursing. Future research in this area could consider the literature from this

region as a primary reference.

At the co-citation level, journals mainly covered skin wound repair, endocrine metabolism, and vascular surgery. Most of the top 10
cited journals were in the Q1 or Q2 area of the JRC partition, with high article quality. The journal with the highest IF index was
Diabetes Care (IF = 16.2) from the United States, which primarily publishes clinical nursing research, cardiovascular and metabolic
risks, and so on, and prefers to publish high-quality original articles reflecting advances and trends in endocrinology and metabolism.
As Fig. 4(A) and (B) showed, the high number of reference co-citations suggests similarities in knowledge structure, and the close links
between journals indicate a strong correlation between knowledge foundations. Among the reference co-citations, Bakker K (2012)
[16], Bakker K (2016) [17], and Schaper NC(2020) [18] played a significant role in the three periods. Bakker K (2012) described the
principles of prevention and treatment based on the International Consensus on Diabetic Foot, includ foot management, wound
assessment, treatment, and tissue management. Based on a systematic review, Bakker (2016) provided guidance related to foot
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Top 20 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin  End 2013-2023 Keywords Year Strength Begin End 2013-2023
multicenter 2013 2.99 2013 2014 — guideline 2013 2.09 2017 2018 —

foot ulcer 2013 2:1 2013 2015 e ulceration 2013  1.56 2017 2019 ——
international working group 2013 1.43 2013 2016 s— glilﬁifce 2013 129 2018 2020 e —
quality 2013 1.39 2013 2015 — people 2013 1.61 2019 202]

double blind 2013 1.34 2013 2019  s——— limb salvage 2013  1.28 2020 202]
wound 2013 3.51 2014 2017 — nursing 2013 2.71 2021 2023
peripheral arterial disease 2013 2.89 2014 2015 m—— efficacy 2013 2.39 2021 2023
diabetes mellitus 2013 1.34 2014 2017 m— outcome 2013 236 2021 2023
pressure ulcer 2013 1.97 2016 2018 s primary care 2013 1.68 2021 2023
nursing care 2013 142 2016 2018 — leg ulcer 2013  1.27 2021 2023

Fig. 9. The burst detection of co-cited references.

complications in patients with diabetes regarding prevention, footwear and offloading, peripheral artery disease, infections, and
wound-healing interventions. Schaper (2020) summarized the basic principles of DFU prevention and management into six categories,
described the organizational levels to successfully prevent and treat diabetic foot disease according to these principles, and provided an
addenda to assist with foot screening.

4.2. Research hotspots

By analyzing high-frequency keywords and clustering labels, this study summarized the research hotspots in DFU nursing, which
focuses on four hotspots: risk assessment, classification systems, protective measures, and clinical management of DFU.

4.2.1. Risk assessment
Comprehensive foot evaluation in patients with DFU can reduce disability and amputation rates and improve prognosis [1]. The
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IWGDF recommends that diabetic patients who are not at risk undergo an annual foot examination to identify the potential risk of foot
ulcers and amputations, and at-risk patients require more frequent foot screening [23]. Foot examinations mainly involved the pa-
tient’s medical history and the nerves, blood vessels, skin, and musculoskeletal aspects of the lower extremities [24]. Currently, most
studies have focused on abnormal skin and musculoskeletal changes in the feet, such as skin temperature [25-27], skin color [28,29],
and pressure [27,30], with less attention paid to peripheral neurological and vascular aspects. Additionally, the application of new
technologies has also improved the efficiency of diabetic foot risk assessment, for instance, the “Exame dos Pés” application by Cuidar
Tech [31] and the digital tool D-Foot software [32].

4.2.2. Classification systems

The DFU classification system is widely used to predict the risk and outcome of foot amputation and influences treatment strategies
[33]. Numerous classification systems for DFU have been promoted [34], with the Meggitt-Wagner system and the Texas system being
the most frequently utilized. The Meggitt-Wagner system divides foot ulcers into six grades based on the depth of the ulcer, presence or
absence of complications, and degree of gangrene, with higher grades associated with more severe injuries [35]. The Texas system
categorizes wounds into four classes based on lesion type and ulcer depth, presented in a 4 x 4 matrix table, which helps predict ulcer
amputations [35,36]. Compared to the Meggitt-Wagner system, the Texas system demonstrated greater accuracy and utility in pre-
diction and assessment [37].

4.2.3. Protective measures

Auxiliary therapy, including wound dressing, negative-pressure wound therapy, and hyperbaric oxygen, plays a vital role in DFU
nursing. Dressing is one of the first-line therapeutic approaches for wound management and is used to provide a favorable wound
environment for healing [38,39]. The application of advanced dressings such as gels made from amniotic fluid (AF), novel multi-
functional amorphous hydrogels, and recombinant human epidermal growth factor dressings positively affects DFU healing [40-42].
Negative-pressure wound therapy should be considered if the wound dressing does not have the desired effect after 4-8 weeks of
application [43]. Although negative pressure therapy has demonstrated superiority in treating complex wounds [44-46], particularly
in terms of safety and efficacy [45,47,48], the level of research evidence for negative pressure therapy in foot ulcers to date is low [44,
49,50], and the research depth in this field should be strengthened in the future.

A lack of diabetes-related knowledge and foot care practices is a risk factor for DFU [51]. Health education can improve the
self-protection potential of patients and play a positive role in the prevention [31,52-54]. The INGDF Prevention Guidelines (2023)
recommend that professional trainers provide patients with structured education on foot self-care, that is, any form of structured
education offered to individuals in a structured way. The content includes providing general information about the disease (e.g.,
clinical manifestations, treatment measures, risk factors, and prognostic outcomes) [55], developing individualized preventive plans
[561, conducting foot self-care education (e.g., foot examination, keeping the feet clean and dry, choosing the proper footwear),
identifying problems, and seeking help promptly [53]. However, current research has mostly neglected mental health education,
which should be emphasized in future studies.

Moreover, the development of new technologies, such as the increasing attention paid to sensor-based monitoring tools, has
contributed significantly to prevention [30]. Liliana B Sousa presented a sensor-based therapeutic footwear program for DFU pre-
vention by monitoring plantar pressure, temperature, and humidity [57]. The AI wound imaging mobile application (C4W system),
which uses sensors as a 3D wound measurement tool with depth perception, verified the reliability of its measurement values among
and within evaluators [58].

4.2.4. Clinical management

Multidisciplinary teams have shown significant effectiveness in reducing amputation rates [46,59-63]. These teams are typically
comprised of specialists in endocrinology, peripheral vascular surgery, orthopedics, podiatric surgery, and nurse specialists. They
provide a wide range of nursing services through transparent referral processes and care algorithms. However, delay in treatment may
be related to the patient’s cognitive level, healthcare professionalism, structural barriers in referral pathways, etc., with direct
detrimental effects on patient prognosis [59,64-66]. Thus, to decrease the incidence of treatment delays, it is necessary to establish
education programs [67], improve the foot nursing education system, encourage professional nurses to participate in relevant training
and education [53,68], and reinforce team communication and cooperation. Furthermore, telemedicine care models with
Internet-based access facilitate communication within the cross-team, improve the knowledge of professionals, and have become an
essential way to manage DFU patients during the COVID-19 pandemic [69,70]. In summary, a multidisciplinary team is the best
approach for the treatment of complex wounds. However, treatment delays remain a challenge in current clinical management and this
aspect needs to be studied more thoroughly in the future.

4.3. Research trends

Based on a burst word analysis from 2021 to 2023, the research trends in DFU nursing are expected to focus on primary care and
intervention efficacy in the coming years. In many European countries, primary care is usually the first stage of treatment for patients
with chronic wounds [64,71], involving assessment, diagnosis, treatment, and referral by qualified healthcare professionals [64,72].
To avoid early diagnostic errors, primary care medical personnel should enhance their management, improve professionalism [64]
emphasize health education, enhance self-management ability, and optimize team structures to formulate the best treatment strate-
gies. Relevant institutions and departments should also improve the primary health care system by establishing a “one-stop” service for
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chronic diseases, optimizing the “admission-discharge-continuing care” procedure, strengthening the development and utilization of
new technologies, and applying offline-based and online-assisted treatment methods to coordinate and arrange the best treatment
pathways. More importantly, the state should provide applicable policies and financial support based on its national conditions and
establish relevant laws and regulations to ensure regular operation of the healthcare system [73]. Recently, the focus of wound
management has shifted to intervention efficacy, aiming to reduce the amputation rate, with a particular emphasis on the intervention
effects of adjunctive therapies. For instance, it summarizes the relevant usage of dressings, existing evidence [74], and the effectiveness
of negative pressure therapy [43].

5. Limitations

This study has some limitations. First, the data for this study were obtained only from the WOSCC database; other databases were
ignored, which may have omitted some relevant studies and led to biased results. Second, we only included studies published until
October 2023, which may have caused research content biases. Third, the CiteSpace software is challenging to control because of time
zones and related parameter settings, resulting in an inability to ensure that all critical key points are found [11]; therefore, the results

are limited to the procedures and rules followed in this study. In the future, searches should be expanded to obtain more compre-
hensive and up-to-date data and reduce the adverse effects of language and time of publication.

6. Conclusions

In this study, we used bibliometric methods to analyze the literature related to DFU nursing research from 2013 to 2023, and
summarized the general situation, hotspots, and trends in the field. To a certain extent, this study provides a reference for future
studies. Despite the rising interest in the field, the annual and total number of publications is relatively low compared with other
medical disciplines; therefore, it still needs more attention. There remains a need to strengthen communication and cooperation among
authors, institutions, and countries. The most prominent research hotspots in the last decade have been risk assessment, protective

measures, and clinical management of DFU. It is predicted that future research on DFU nursing will develop towards primary care and
intervention efficacy.
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