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Background: Calcaneal fracture is common and carries high morbidity and
disability. Its treatment is therefore of vital concern. Many topics concerning
calcaneal fracture remain controversial, and the subject has not yet been
well-researched. We aim to analyze and illustrate the trends in development,
overall knowledge structure, “hotspots,” and research frontiers on the topic
of calcaneal fracture.
Methods: Literature relating to calcaneal fracture published between 2000 and
2021 was retrieved from Science Citation Index Expanded (SCIE) database of
the Web of Science. Three bibliometric tools (Bibliometrix, CiteSpace, and
VOSviewer software) were used for analysis and the generation of knowledge
maps. Annual trends in publication counts and the relative contributions of
different countries, regions, institutions, authors, and journals, as well as
keyword clusters, “hot topics,” and research frontiers, were analyzed.
Results: A total of 1,687 publications were included in the analysis. The number
of calcaneal fracture articles published worldwide each year was highest in
2019, with a total of 128 articles. The United States has made the greatest
contribution to the field, with the largest number of publications and the
highest H-index. Foot & Ankle International was the most productive journal,
publishing a total of 167 articles on calcaneal fracture during the study
period. Hebei Medical University of China and the University of California,
San Francisco were the most prolific institutions. Professors T. Schepers,
S. Rammelt, H. Zwipp, and Y. Z. Zhang have made remarkable contributions
to the field. However, the degree of collaboration between researchers and
among institutions was relatively low, and took place mainly in Europe and
the Americas. All relevant keywords could be categorized into three clusters:
studies of internal fixation, studies of fractures, and studies of osteoporosis. A
trend of balanced and diversified development could be seen within these
clusters. Keywords with ongoing “citation bursts,” such as sinus tarsi
approach, wound complications, minimally invasive technique, extensile
lateral approach, surgical treatment, and plate, may continue to be research
“hotspots” in the near future.
Conclusion: Based on current global trends, the number of publications on
calcaneal fracture will continue to increase. Topics such as minimally
invasive techniques and complications have become important hotspots of
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research. We recommend enhancing international communication and collaboration for
future research in this field.
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Introduction

Calcaneal fracture is the most common fracture of the tarsal

bones, constituting 65% of all tarsal fractures and 1%–2% of

fractures overall (1). Because of its complex anatomy and

physiology, the significant degree of associated trauma, and

the difficulty it presents in terms of surgical repair, calcaneal

fracture is frequently associated with poor surgical prognosis

and many sequelae; its disability rate is as high as 30% (2).

The best practices for calcaneal fracture management have

therefore generated much discussion and controversy over the

past two decades; to this day, interest in the subject, especially

as a topic of research, remains high. Some prospective

randomized controlled trials have indicated that surgical

treatment has no significant advantages compared with

conservative care (3, 4). Although traditional approaches

using an extended L-shaped lateral incision with lateral

plating can offer good fracture visualization and direct

reduction, they also have high rates of wound complications

and infection—up to 37% and 20%, respectively (5). In recent

years, minimally invasive techniques have been developed,

including limited-incision sinus tarsi approach and internal

fixation, percutaneous fixation, and arthroscopic-assisted

fixation (6). These emerging techniques may be beneficial for

patients with lower complication rates. Despite intense

research efforts and advances in diagnostic and therapeutic

strategies, many open questions remain, especially on the

topics of direct and indirect costs and disability, and the

consequences of calcaneal fracture thus continue to take a toll

on society. Moreover, the rapid growth of publications on

calcaneal fracture makes it difficult for researchers to identify

relevant information and keep track of new developments and

research directions in this field. Thus, it is necessary to take

stock of the global status of calcaneal fracture research.

Bibliometric analysis is a new interdisciplinary research

method that integrates statistics and visualization techniques,

and it is frequently used in orthopedic surgery (7). It helps

researchers understand the trends and patterns in specific

topics, including the current research “hotspots,” within a

particular domain (8). It is widely used in research that

focuses on the analysis of specific diseases, as it provides

essential information for further research on their prevention

and treatment (9–12). However, no bibliometric study of

calcaneal fracture research has yet been published. Therefore,

this study sought to use bibliometrics to analyze the field of

calcaneal fracture (i.e., the overall research framework,
02
development trends, and research hotspots) for the first time.

In addition, we wanted to provide scientific researchers with

more information about the field’s current status and trends.

We hope that future scholars will continue to build upon this

preliminary research.
Methods

Data source

The data for this study come from the Web of Science Core

Collection (WOSCC). Web of Science, a world-renowned

database containing many influential and high-quality

journals, has been widely used in bibliometric research.
Retrieval strategies and data extraction

The search strategy was (TS = calcaneal fractures). The

included publication types were limited to original articles

and reviews; meeting summaries, editorials, letters, published

online, reviews, conference proceedings, news, and retracted

publications were excluded. All articles published between

2000 and 2021 that met the inclusion criteria were analyzed.

Key information from each included article, including title,

authors (and their affiliated institutions), abstract, keywords,

references, journal name, country/region, and publication

year, was downloaded and exported in plain text (TXT)

format (Figure 1).
Bibliometric and visual analysis

Bibliometrix, a scientific bibliometric software program

based on R, was used for the bibliometric analysis. The TXT

files were imported into Bibliometrix for further data

processing. We aim to study the number of articles published

annually, their distribution across various countries and

regions, the total citation frequency, the H-index, which

institutions were the most popular for research in this field,

and to analyze the basic characteristics of the data.

Bibliometrix, CiteSpace, and VOSviewer software were used to

visually display and analyze the collected literature. Through

the intuitive display of the coupling and co-occurrence
frontiersin.org
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FIGURE 1

Flowchart describing the selection process for articles and reviews included in the study.
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analyses, we were able to understand the status of research in

this field and the trends in the development of related fields.
Results

Quantitative global publication trends

A total of 1,687 publications (comprising 1,557 original

articles and 130 reviews) that met the selection criteria were

identified. The major trends are presented in Figure 2A. Over

all, publications on calcaneal fracture research are increasing

worldwide. The number of articles published each year increased

from 44 (2000) to 101 (2021), peaking in 2019 with 128 articles

(representing 7.6% of the total). This suggests that a growing

number of scholars are interested in this topic. The map in

Figure 2C shows the geographical distribution of these articles.
Countries and regions of included
publications

The included articles represent at least 59 different countries

and regions. The United States had the largest number of
Frontiers in Surgery 03
publications on calcaneal fractures, with 471 articles published

(27.9% of the total), followed by China (231, 13.7%), Germany

(169, 9%), and the United Kingdom (122, 10.0%). As shown in

Figure 2B, the United States also had the highest H-index (56).

Germany ranked second (35), and Canada ranked third (30).

The geographical distribution map (Figure 2C) confirms that

articles on calcaneal fracture have been published in most areas

of the world. Figure 3B depicts the publication trends in the 10

most active countries in calcaneal fracture research between 2000

and 2021. An analysis of international collaboration among

calcaneal fracture researchers showed that the United States

collaborated closely with the United Kingdom, Germany,

Canada, and Italy (Figure 3A).

Contributing institutions As shown in Figure 4A, China’s

Hebei Medical University produced the greatest number of

publications (41), followed by the University of California,

San Francisco (40) and the University of Tongji and

University of Pittsburgh (29 each). Figure 4B presents the

cooperation visualization map generated by CiteSpace,

illustrating the interinstitutional collaborations among the

calcaneal fracture research network. This type of collaboration

was relatively low, and mainly took place in European and

American institutions. The University of California,

San Francisco, occupies the center of the collaboration
frontiersin.org
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FIGURE 2

Overview of publications and trends in the field of calcaneal fracture research. (A) The number of articles in the calcaneal fracture field published
every year between 2000 and 2021. (B) The top 10 countries and H-indexes in the field of calcaneal fracture research. (C) World map showing
the global distribution of calcaneal fracture research; the different colors represent different densities.

Cai et al. 10.3389/fsurg.2022.940432
network. Hebei Medical University, the University of California,

San Francisco, and the University of Tongji had a BC

value > 0.02.

Author contributions The top 10 authors, institutions, and

co-cited authors with the largest number of publications are

presented in Figure 4. Collectively, these authors have

published 1,687 articles over the past 22 years. With the

minimum number of citations set to 5 when performing the

coupling analysis, a total of 56 authors were ultimately

included. The most productive authors came from East Asia,

North America, and western Europe. T. Schepers published

the highest number of articles (49, i.e., 2.9% of the total),

followed by S. Rammelt (38, 2.3%), H. Zwipp (30, 1.8%), and

Y. Z. Zhang (24, 1.4%). These four scholars have surely

achieved a great deal of expertise in the field of calcaneal
Frontiers in Surgery 04
fracture research. A list of the top 10 most cited articles

(Table 1) and the resulting network of authors was generated

by CiteSpace. The network map showed that international

collaborative teams were largely disconnected, with less

communication between different research institutions. As

shown in Figure 4D (a co-citation analysis), T. Schepers had

the largest centrality value and greatest number of citations,

ranking first among the top 10 co-cited authors.
Journals publishing research on calcaneal
fracture

A total of 374 journals contain articles on calcaneal fracture.

The 10 most popular of these journals have published 662
frontiersin.org
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FIGURE 3

The top countries contributing to calcaneal fracture research. (A) Cooperation map of the countries and regions involved in calcaneal fracture
research. The colored areas indicate the number of articles published by each country or region. The larger the area, the greater the number of
articles. The lines represent the collaborative relationships between countries; thicker lines indicate a closer relationship. This map was generated
from an online analysis platform (https://bibliometric.com). (B) Publication trends of the 10 countries most active in calcaneal fracture research
between 2000 and 2021. The width of each colored area reflects the changes in publication trends among the different countries across the years.
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FIGURE 4

The top 10 authors and institutions contributing to calcaneal fracture research. (A) The 10 most relevant affiliations for publications related to
calcaneal fracture research. (B) Cooperation network map of institutions involved in calcaneal fracture research (generated by CiteSpace). The
nodes represent each analyzed object; the greater the frequency of involvement, the larger the node. The color and thickness in the inner circle
of the node indicate the occurrence or citation frequency of different time periods. The edge between the nodes and their thickness represent
the relationship and strength of co-occurrence or co-citation. (C) The top 10 authors and (D) the network map of co-cited authors related to
calcaneal fracture research. (D) Cluster view map of co-cited authors. In the cluster map, cited authors in similar categories are gathered into
clusters. Each cluster is labeled with a different color, and the links between nodes represent elements that were cited together. Both maps were
generated by CiteSpace.
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papers on calcaneal fracture, accounting for 36.24% of the

total 1,687 publications. The top 10 journals according to

the number of calcaneal fracture publications are shown in

Figure 5B. Foot & Ankle International published the

greatest number of articles (167). The Journal of Foot and

Ankle Surgery ranked second, with 130 publications,

followed by Injury (81) and Osteoporosis International (74).

As shown in Figure 5A, Osteoporosis International has the

highest H-index value (13), accounting for more than

68.28% of the top 10 journals. In the network map of co-

cited journals (Figure 5C), the size of the nodes is

proportional to the number of publications published by

the journals. Of these, the top 5 journals were Foot &

Ankle International, the Journal of Bone and Joint Surgery

(American Volume), Clinical Orthopaedics and Related
Frontiers in Surgery 06
Research, the Journal of Orthopaedic Trauma, and the

Journal of Bone and Joint Surgery (British Volume).
Keywords analysis of research hotspots

For the co-occurrence analysis, a total of 4,698 keywords

were extracted from the 1,687 publications and analyzed by

VOSviewer. As illustrated in the density visualization map in

Figure 6A, 250 keywords with a minimum number 10 co-

occurrences were included in the analysis, revealing several

“hotspot” clusters related to internal fixation, operative

treatment, management, and osteoporosis. As shown in

Figure 6B, we further classified all co-occurrence keywords

into into three clusters: study of internal fixation, study of
frontiersin.org
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TABLE 1 Analysis of the top 10 cited articles in the field of calcaneal
fracture.

Rank Article Journal Citations Journal
impact
factor

1 Buckley et al.
(2002)

Journal of Bone and
Joint Surgery
(American Volume)

518 6.558

2 Rammelt et al.
(2004)

Injury 211 2.687

3 Howard et al.
(2003)

Journal of
Orthopaedic Trauma

172 2.884

4 Harvey et al.
(2001)

Foot & Ankle
International

165 3.569

5 Benirschke
et al. (2004)

Journal of
Orthopaedic Trauma

164 2.884

6 Griffin et al.
(2014)

BMJ—British
Medical Journal

155 93.333

7 Kline et al.
(2014)

Foot & Ankle
International

140 3.569

8 Rammelt et al.
(2010)

Clinical
Orthopaedics and
Related Research

135 4.755

9 Al-Mudhaffar
et al. (2000)

Injury— 126 2.687

10 Agren et al.
(2013)

Journal of Bone and
Joint Surgery
(American Volume)

122 6.558
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fracture, and study of osteoporosis. Within the internal fixation

cluster, the most frequent keywords were management, internal

fixation (occurrence = 297), operative treatment (276), open

reduction (232), and nonoperative treatment (164). This

cluster was the largest of the three. Within the fracture

cluster, the most frequent keywords were foot (occurrence =

136), hindfoot (66), fractures (136), os calcis (117), calcaneal

fractures (89), quality of life (136), pain, and stress fractures.

Within the osteoporosis cluster, the most frequent keywords

were osteoporosis (occurrence = 148), bone mineral density

(139), postmenopausal women (91), mineral density (126),

x-ray absorptiometry (82), and risk factors (83). Overlay

visualization maps can imply co-occurrence, especially those

that feature items denoted by color according to the average

time period when the keywords occurred (9). In our map

(Figure 6C), yellow nodes represent keywords that appeared

later, whereas blue represents keywords that appeared earlier.

In CiteSpace, “burst” keywords are highly important

indicators that reflect the emerging trends and frontiers of

research within a specific field (9). Keywords with the

strongest citation bursts have, therefore, attracted the greatest

attention over a given period of time (9). The top 25

keywords with the strongest citation bursts between 2000 and

2021 are presented in Figure 6D. Notably, several of them

have citation bursts that continue into 2021: sinus tarsi

approach (2016–2021), surgical treatment (2016–2021),
Frontiers in Surgery 07
extensile lateral approach (2017–2021), plate (2017–2021), and

minimally invasive (2018–2021).
Discussion

Our bibliometric and visual analysis of the global research

output in the field of calcaneal fracture shows an increasing

number of publications over the 22 included year. The study of

calcaneal fracture has been widespread. However, the overall

trend was unclear, and many topics concerning calcaneal

fractures remain controversial, and there has been no analysis

to date of the “hotspots” in the research field. Therefore, we

sorted out several specific aspects to focus on, against the

backdrop of global trends in this field, so as to explore the

hotspots and emerging frontiers in calcaneal fracture research.

In terms of geographic and institutional distribution,

developed countries in the Americas and Europe contributed

the largest number of publications in the field of calcaneal

fracture research, with China ranking second. The United

States, China, Germany, the United Kingdom, and the

Netherlands were the top 5 countries in terms of the number

of articles published and their centrality. The United States

dominated the field, having the greatest number of

publications, the highest H-index, and the most citations. This

success is likely due to its favorable conditions for basic and

clinical medical study, which include advanced equipment,

sufficient funds, and a high number of professional

researchers (14–20). We could come to the conclusion that

researchers in the United States have more advantages than

researchers in other countries. However, the performance of

two institutions from China (Hebei Medical University and

the University of Tongji) was also commendable. Over all, the

strength of scientific research from China still needs further

improvement. In terms of interinstitutional collaboration, we

can see from the cooperation visualization map (Figure 4B)

that it remains relatively low. Interinstitutional collaboration

was seen mainly in European and American institutions.

There are several potential reasons for this: European and

American institutions seem to have ideal conditions for basic

and clinical medical research, including readily available funds

and frequent professional communication among researchers

at different institutions. These conditions are frequently noted

in similar studies. These regions also have a lot of

international conferences, which may be another advantage

for their authors. Communication and cooperation between

institutions in different countries should be enhanced.

In terms of the author analysis, T. Schepers, S. Rammelt,

and H. Zwipp have published the greatest number of articles

in this field (Figure 4). Professor T. Schepers has led several

biomechanical/cadaver studies and accumulated a great deal

of clinical research data on the correlation between the

mechanism of injury and fracture classification in calcaneal
frontiersin.org
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FIGURE 5

The distribution of journals publishing research on calcaneal fractures. (A) The top 10 journals publishing research in the field of calcaneal fracture,
ranked by H-index. (B) The top 10 journals publishing research in the field of calcaneal fracture, ranked by article count. C) Network map of co-cited
journals (generated by VOSviewer). Each node represents a different journal, and the node size is proportional to the number of citations; the larger
the node, the greater the citation frequency.
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fracture (21). S. Rammelt and H. Zwipp are associated with the

Trauma Department of the University Hospital of Dresden in

Germany. They have published many papers on the

treatment of calcaneal fracture, on topics such as whether,

when, and how to operate on calcaneal fractures (22), open

reduction and internal fixation (23), and less-invasive

reduction and fixation via a sinus tarsi approach (24). They

and their institution provide great guiding value in the area

of treatment development for calcaneal fracture, and they

have made a great deal of progress in this field. Of note

also were the experts from China who are emerging

into this field and find themselves on the frontline of

calcaneal fracture research, particularly Y.Z. Zhang and
Frontiers in Surgery 08
W. Chen. W. Chen, in particular, focuses on deep vein

thrombosis in isolated calcaneal fracture (25, 26). In

general, our research shows that these authors, with their

substantial contributions, have played a crucial role in

calcaneal fracture research and laid the foundation for

future developments in this field.

In terms of journal analysis, Foot & Ankle International has

published 167 papers on calcaneal fracture, far more than other

journals. This journal mainly focuses on foot and ankle surgery.

Foot & Ankle International, the Journal of Foot and Ankle

Surgery, Injury,— and Osteoporosis International accounted

for more than 68% of all articles in the top 10 journals. They

were thus the primary journals for calcaneal fracture research,
frontiersin.org
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FIGURE 6

Co-occurrence analysis of global calcaneal fracture research. (A) Density map of the keyword co-occurrence analysis (generated by VOSviewer). The
darker the color, the higher the keyword density. (B) Keyword analysis of research hotspots. Network visualization of the keyword co-occurrence
analysis (generated by VOSviewer). (C) Overlay map of the keyword co-occurrence analysis using VOSviewer. (D) The 25 keywords with the
strongest citation bursts between 2000 and 2021. The blue line indicates the time interval, and the red line represents the duration of the
keyword’s strongest citation burst.
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providing vital information for the field. These results also

suggest that publications on calcaneal fracture are more likely

to be published in these journals.

The study of the treatment, management, and complications

of calcaneal fracture has attracted much attention over the past

22 years. Analyzing the keywords used with these studies can

provide insights into the developmental trends of this field,

and examining the “citation bursts” can reveal the avenues of

future study with the greatest potential value (19). The

keywords used, and the research “hotspots” connected to

them, have differed at various stages throughout the past 22

years. Before 2010, keywords focused mainly on osteoporosis-

related topics, such as bone mineral density, postmenopausal

women, x-ray absorptiometry, risk factors, and trabecular

bone. We can also see that, over time, researchers paid more

attention to the management of calcaneal fracture. In the later

stage (between 2016 and 2021), keywords related to the
Frontiers in Surgery 09
treatment of calcaneal fracture and its complications (such as

internal fixation, surgical treatment, plate, sinus tarsi

approach, wound complications, minimally invasive

technique, and extensile lateral approach) have become much

more prominent. As is widely known, open reduction and

internal fixation (ORIF) has become the gold-standard

treatment for calcaneal fracture. However, an increasing

number of articles are reporting complications of the surgical

wound. A study by Jianming Chen that presented a minimally

invasive internal fixation through a small tarsal sinus incision

has attracted a lot of attention in recent years (27). His study

indicated that percutaneous techniques, in sinus tarsi versus

extensile lateral approaches, and a minimally invasive

technique with a locking plate can improve or mostly restore

the Böhler and/or Gissane angles, with a mean follow-up of

approximately 42 months (27). Martin S. Davey presented a

similar result with the sinus tarsi approach in 58 patients with
frontiersin.org
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an increased risk of complications due to smoking (28). With a

growing number of keywords on the minimally invasive

treatment of calcaneus fixations, this surgical method seems

to be a major trend. A study by H. Wang found that the

wound infection rate in closed calcaneus fractures was

between 2% and 25% (29). T. Schepers conducted a

systematic review of open calcaneal fracture and found

their complication rates to be higher than those of closed

fractures (30). Complications involving surgical wounds,

including hematoma, wound infection, wound breakdown,

and skin edge necrosis, are a major concern (1). A risk

prediction model for calcaneus fracture would help to

provide early warning regarding wound complications (31).

A study by K.E. Spierings showed that it was

wounds treated through the sinus tarsi approach have a

lower risk of complications (13). His study confirms the

low risk of SSI in DIACFs treated via STA. Significant

predictors for SSIs were surgery within one week after

injury, ASA of 2 or higher and blood loss >150cc.

Reducing wound complications has become a focus of

research. A prospective randomized clinical trial (32) to

compare the functional and radiological outcomes of the sinus

tarsi and extended lateral approaches for calcaneal fractures

found broadly similar results between the two, though the

sinus tarsi approach demonstrated the potential to decrease

preoperative waiting times and wound complication rates.

There is abundant evidence from cadaveric studies to suggest

that the sinus tarsi approach is safe (33, 34). A. Herlyn

reported that a new interlocking nail, used with a minimally

invasive locking nail technique, could reduce complications

and achieve superior functional outcomes compared to

standard locking plates (35). This calcanail system (C-nail)

represents a novel intramedullary approach for calcaneal

fractures. A finite -element analysis showed that the modified

C-nail system can provide comparatively sufficient stability,

making it preferable for the treatment of complex calcaneal

fracture (36). A comparative retrospective study reported that

the C-nail may be a successful alternative in the treatment of

calcaneal fracture because of the minimally invasive

implantation and high primary stability (37). The outcomes

obtained with C-nail fixation are statistically identical to those

obtained with locking calcaneal plate (LCP) fixation. LCP

fixation and C-nail fixation had the same outcomes in the

treatment of calcaneal fractures of Sanders types II and III

(38). The minimally invasive dual incision and internal

fixation with a mini-plate may be effective in terms of

radiological outcomes and offer a lower rate of wound

infections (39). However, in recent years, the continuous

development of implants, including screws, nails, and plates

(40), as well as new techniques, especially in 3D printed

models (41), and biomechanical studies (42), may contribute

to improving patient outcomes after surgery. The evolutionary

trends of the keywords used in calcaneal fracture research are
Frontiers in Surgery 10
shown in Figure 6. Keywords with the latest average

appearing year will help us understand and master the trends

and future research hotspots. These studies have received

much attention recently, and further in-depth studies are

required.
Limitations

Although our study is the first ever to conduct a

bibliometric analysis of peer-reviewed papers related to

calcaneal fracture, it still has several limitations, which we aim

to improve in the future. First, the data from our study came

only from WOSCC and focus only on the years 2000–2021.

As the database is always being updated, limitations of

software and analytical methods may come into play. Second,

our study included only English-language articles; therefore,

high-quality work in other languages, such as Chinese, was

not part of our analysis.
Conclusion

The United States has made outstanding contributions in

the field of calcaneal fracture research, and Professor

T. Schepers has made the greatest number of individual

contributions. calcaneal fracture field. The most prolific

institution for calcaneal fracture research was Hebei Medical

University. The “hotspots” of research have shifted over time

from disease management to prevention. We recommend that

more attention should be paid to the following research

trends: the sinus tarsi approach, wound complications,

minimally invasive techniques, the extensile lateral approach,

surgical treatment, and implants. Ultimately, this study reveals

the current hotspots and frontiers of calcaneal fracture

research, and these considerations can inform various levels of

practice and future decision-making.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material; further

inquiries can be directed to the corresponding author/s.
Author contributions

M-CH, Q-SW, X-MH, and WH conceptualized and

designed the study. Y-TC and Y-KS and drafted the initial

manuscript. All authors reviewed the drafted manuscript for

critical content. All authors contributed to the article and

approved the submitted version.
frontiersin.org

https://doi.org/10.3389/fsurg.2022.940432
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Cai et al. 10.3389/fsurg.2022.940432
Funding

This work was supported by the National Natural Science

Foundation of China (grant numbers 81873327 and

82004392), the Double First-Class Discipline Construction

Project of Guangzhou University of Chinese Medicine (grant

number Z2015002), the major project of “Double First-Class”

and High-Level University Discipline Collaborative Innovation

Team of Guangzhou University of Chinese Medicine (grant

number 2021XK05), the cultivated project of “Double First-

Class” and High-Level University Discipline Collaborative

Innovation Team of Guangzhou University of Chinese

Medicine (grant numbers 2021XK41 and 2021XK46), and the

Special Project on Key Fields of General Institutes of Higher

Education of Guangdong Province (Biomedicine and Health,

grant number 2021ZDZX2005)
Frontiers in Surgery 11
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. Jin C, Weng D, Yang W, He W, Liang W, Qian Y Minimally invasive
percutaneous osteosynthesis versus ORIF for sanders type II and III calcaneal
fractures: a prospective, randomized intervention trial. J Orthop Surg Res. (2017)
12(1):10. doi: 10.1186/s13018-017-0511-5

2. Heppnstall RB. Fracture treatment and healing. Philadelphia: W.B. Saunders
Company (1980). 860–8.

3. Agren PH, Wretenberg P, Sayed-Noor AS. Operative versus nonoperative
treatment of displaced intra-articular calcaneal fractures: a prospective,
randomized, controlled multicenter trial. J Bone Joint Surg Am. (2013) 95
(15):1351–7. doi: 10.2106/JBJS.L.00759

4. Ibrahim T, Rowsell M, Rennie W, Brown AR, Taylor GJ, Gregg PJ Displaced
intra-articular calcaneal fractures: 15-year follow-up of a randomised controlled
trial of conservative versus operative treatment. Injury. (2007) 38(7):848–55.
doi: 10.1016/j.injury.2007.01.003

5. Hsu Andrew R, Anderson Robert B, Cohen Bruce E. Advances in surgical
management of intra-articular calcaneus fractures. J Am Acad Orthop Surg.
(2015) 23(7):399–407. doi: 10.5435/JAAOS-D-14-00287

6. Allegra PR, Rivera S, Desai SS, Aiyer A, Kaplan J, Gross CE Intra-articular
calcaneus fractures: current concepts review. Foot Ankle Orthop. (2020) 5
(3):2473011420927334. doi: 10.1177/2473011420927334

7. Li Y, Xu G, Long X, Ho YS A bibliometric analysis of classic publications in
web of science category of orthopedics. J Orthop Surg Res. (2019) 14:1–11. doi: 10.
1186/s13018-018-1031-7

8. Sugimoto CR, Ahn YY, Smith E, Macaluso B, Larivière V. Factors affecting
sex-related reporting in medical research: a cross-disciplinary bibliometric
analysis. Lancet. (2019) 393(10171):550–9. doi: 10.1016/S0140-6736(18)32995-7

9. Chen C, Hu Z, Liu S, Tseng H Emerging trends in regenerative medicine: a
scientometric analysis in CiteSpace. Expert Opin Biol Ther. (2012) 12:593–608.
doi: 10.1517/14712598.2012.674507

10. Guo S, Wang L, Xie Y, Luo X, Zhang S, Xiong L, et al. Bibliometric and
visualized analysis of stem cells therapy for spinal cord injury based on web of
science and CiteSpace in the last 20 years. World Neurosurg. (2019) 132:
e246–58. doi: 10.1016/j.wneu.2019.08.191

11. Wang SQ, Gao YQ, Zhang C, Xie YJ, Wang JX, Xu FY A bibliometric
analysis using CiteSpace of publications from 1999 to 2018 on patient
rehabilitation after total knee arthroplasty. Med Sci Monit. (2020) 26:e920795.
doi: 10.12659/MSM.920795

12. Tao L, Zhou S, Tao Z, Wen K, Da W, Meng Y, et al. The publication trends
and hot spots of scoliosis research from 2009 to 2018: a 10- year bibliometric
analysis. Ann Transl Med. (2020) 8:365. doi: 10.21037/atm.2020.02.67

13. Malcolm K, Ling CT, Feng WY Risk factors for surgical site infections with
the Sinus tarsi approach in displaced intra-articular calcaneal fractures; a
prospective cohort study with a minimum of one year follow-up. Injury. (2020)
51(7):1676–80. doi: 10.1016/j.injury.2020.05.004
14. Wu H, Tong L, Wang Y, Yan H, Sun Z The global research trends and
hotspots on developmental dysplasia of the hip: a bibliometric and visualized
study. Front Surg. (2021) 8:671403. doi: 10.3389/fsurg.2021.671403

15. Barbera J, Selverian S, Courington R, Mikhail C, Colvin A The top 50 most
influential articles in hip arthroscopy. Arthrosc J Arthrosc Relat Surg. (2020)
36:716–22. doi: 10.1016/j.arthro.2019.09.031

16. Marder RS, Koehler SM, Aibinder WR. The top 50 most cited articles on
olecranon fractures: a bibliometric analysis. Eur J Orthop Surg Traumatol.
(2022) 32(1):99–106. doi: 10.1007/s00590-021-02928-y

17. Wu H, Li Y, Tong L, Wang Y, Sun Z Worldwide research tendency and
hotspots on hip fracture: a 20-year bibliometric analysis. Arch Osteoporos.
(2021) 16(1):73. doi: 10.1007/s11657-021-00929-2

18. Peng G, Guan Z, Hou Y, Gao J, Rao W, Yuan X, et al. Depicting
developing trend and core knowledge of hip fracture research: a bibliometric
and visualised analysis. J Orthop Surg Res. (2021) 16(1):174. doi: 10.1186/
s13018-021-02292-x

19. Chen P, Lin X, Chen B, Zheng K, Lin C, Yu B, et al. The global state of
research and trends in osteomyelitis from 2010 to 2019: a 10-year bibliometric
analysis. Ann Palliat Med. (2021) 10(4):3726–38. doi: 10.21037/apm-20-1978

20. Giannoudis PV, Chloros GD, Ho YS. A historical review and bibliometric
analysis of research on fracture nonunion in the last three decades. Int Orthop.
(2021) 45(7):1663–76. doi: 10.1007/s00264-021-05020-6

21. Daqiq O, Sanders FRK, Schepers T. How does mechanism of injury relate to
similar fracture patterns in bilateral displaced intra-articular calcaneal fractures?
J Foot Ankle Surg. (2020) 59(6):1162–6. doi: 10.1053/j.jfas.2020.04.006

22. Rammelt S, Sangeorzan BJ, Swords MP. Calcaneal fractures—should we or
should we not operate? Indian J Orthop. (2018) 52(3):220–30. doi: 10.4103/ortho.
IJOrtho_555_17

23. Zwipp H, Rammelt S, Barthel S. Calcaneal fractures–open reduction and
internal fixation (ORIF). Injury. (2004) 35(Suppl 2):SB46–54. doi: 10.1016/j.
injury.2004.07.011

24. Rammelt S, Swords MP. Calcaneal fractures-which approach for which
fracture? Orthop Clin North Am. (2021) 52(4):433–50. doi: 10.1016/j.ocl.2021.
05.012

25. Meng H, Zhu Y, Zhang J, Li J, Zhao K, Zhang Y, et al. Incidence and risk
factor for preoperative deep vein thrombosis (DVT) in isolated calcaneal
fracture, a prospective cohort study. Foot Ankle Surg. (2021) 27(5):510–4.
doi: 10.1016/j.fas.2020.06.007

26. Zhu Y, Meng H, Ma J, Zhang J, Li J, Zhao K, et al Prevalence of preoperative
lower extremity deep vein thrombosis in bilateral calcaneal fractures. J Foot Ankle
Surg. (2021) 60(5):950–5. doi: 10.1053/j.jfas.2021.04.002

27. Chen J, Yang Z, Kong C, Wei S Minimally invasive dual incision with mini
plate internal fixation improves outcomes over 30 months in 20 patients with
frontiersin.org

https://doi.org/10.1186/s13018-017-0511-5
https://doi.org/10.2106/JBJS.L.00759
https://doi.org/10.1016/j.injury.2007.01.003
https://doi.org/10.5435/JAAOS-D-14-00287
https://doi.org/10.1177/2473011420927334
https://doi.org/10.1186/s13018-018-1031-7
https://doi.org/10.1186/s13018-018-1031-7
https://doi.org/10.1016/S0140-6736(18)32995-7
https://doi.org/10.1517/14712598.2012.674507
https://doi.org/10.1016/j.wneu.2019.08.191
https://doi.org/10.12659/MSM.920795
https://doi.org/10.21037/atm.2020.02.67
https://doi.org/10.1016/j.injury.2020.05.004
https://doi.org/10.3389/fsurg.2021.671403
https://doi.org/10.1016/j.arthro.2019.09.031
https://doi.org/10.1007/s00590-021-02928-y
https://doi.org/10.1007/s11657-021-00929-2
https://doi.org/10.1186/s13018-021-02292-x
https://doi.org/10.1186/s13018-021-02292-x
https://doi.org/10.21037/apm-20-1978
https://doi.org/10.1007/s00264-021-05020-6
https://doi.org/10.1053/j.jfas.2020.04.006
https://doi.org/10.4103/ortho.IJOrtho_555_17
https://doi.org/10.4103/ortho.IJOrtho_555_17
https://doi.org/10.1016/j.injury.2004.07.011
https://doi.org/10.1016/j.injury.2004.07.011
https://doi.org/10.1016/j.ocl.2021.05.012
https://doi.org/10.1016/j.ocl.2021.05.012
https://doi.org/10.1016/j.fas.2020.06.007
https://doi.org/10.1053/j.jfas.2021.04.002
https://doi.org/10.3389/fsurg.2022.940432
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Cai et al. 10.3389/fsurg.2022.940432
Sanders type III calcaneal fractures. J Orthop Surg Res. (2020) 15(1):167. doi: 10.
1186/s13018-020-01644-3

28. Davey MS, Staunton P, Lambert LA, Davey MG, Walsh JC Evaluating short-
term outcomes post-intra-articular calcaneal fracture fixation via a Sinus tarsi
approach in a non-exclusively selected cohort. J Foot Ankle Surg. (2021) 60
(2):302–6. doi: 10.1053/j.jfas.2020.04.018

29. Wang H, Pei H, Chen M, Wang H Incidence and predictors of surgical site
infection after ORIF in calcaneus fractures, a retrospective cohort study. J Orthop
Surg Res. (2018) 13(1):293. doi: 10.1186/s13018-018-1003-y

30. Spierings KE, Min M, Nooijen LE, Swords MP, Schepers T Managing the
open calcaneal fracture: a systematic review. Foot Ankle Surg. (2019) 25
(6):707–13. doi: 10.1016/j.fas.2018.10.005

31. Lu K, Ma T, Yang C, Qu Q, Liu H Risk prediction model for deep surgical
site infection (DSSI) following open reduction and internal fixation of displaced
intra-articular calcaneal fracture. Int Wound J. (2022) 19(3):656–65. doi: 10.
1111/iwj.13663

32. Li LH, Guo YZ, Wang H, Sang QH, Zhang JZ, Liu Z Less wound
complications of a sinus tarsi approach compared to an extended lateral
approach for the treatment of displaced intraarticular calcaneal fracture: a
randomized clinical trial in 64 patients. Medicine. (2016) 95(36):e4628. doi: 10.
1097/MD.0000000000004628

33. Mat Rodi MS, Vaseenon T, Phanphaisarn A, Hayadin NM A windows
technique for sustentaculum tali screw fixation using the sinus tarsi approach
for calcaneal fractures: a cadaveric study. Arch Orthop Trauma Surg. (2021).
(prepublish) doi: 10.1007/s00402-021-04102-9

34. Park JH, Chun DI, Park KR, Park GH, Park S, Yang J, et al. Can sural nerve
injury be avoided in the sinus tarsi approach for calcaneal fracture? A cadaveric
study. Medicine. (2019) 98(42):e17611. doi: 10.1097/MD.0000000000017611
Frontiers in Surgery 12
35. Herlyn A, Brakelmann A, Herlyn PK, Gradl G, Mittlmeier T. Calcaneal
fracture fixation using a new interlocking nail reduces complications compared
to standard locking plates—preliminary results after 1.6 years. Injury. (2019) 50
(Suppl 3):63–8. doi: 10.1016/j.injury.2019.07.015

36. Ni M, Wong DW, Niu W, Wang Y, Mei J, Zhang M Biomechanical
comparison of modified calcanail system with plating fixation in intra-articular
calcaneal fracture: a finite element analysis. Med Eng Phys. (2019) 70:55–61.
doi: 10.1016/j.medengphy.2019.06.004

37. Steinhausen E, Martin W, Lefering R, Lundin S, Glombitza M, Mester B,
et al. C-Nail versus plate osteosynthesis in displaced intra-articular calcaneal
fractures—a comparative retrospective study. J Orthop Surg Res. (2021) 16
(1):203. doi: 10.1186/s13018-021-02349-x

38. Zeman J, Zeman P, Matejka T, Belatka J, Matejka J Comparison of LCP and
intramedullary nail osteosynthesis in calcaneal fractures. Acta Ortop Bras. (2019)
27(6):288–93. doi: 10.1590/1413-785220192706223193

39. Chen J, Yang Z, Kong C, Wei S Minimally invasive dual incision with mini
plate internal fixation improves outcomes over 30 months in 20 patients with
Sanders type III calcaneal fractures. J Orthop Surg Res. (2020) 15(1):167.
doi: 10.1186/s13018-020-01644-3

40. Bába V, Kopp L. Calcaneal fractures—current trends and pitfalls. Rozhl Chir.
(2021) 100(8):369–75. doi: 10.33699/PIS.2021.100.8.369-375

41. Montgomery SJ, Kooner SS, Ludwig TE, Schneider PS Impact of 3D printed
calcaneal models on fracture understanding and confidence in orthopedic surgery
residents. J Surg Educ. (2020) 77(2):472–8. doi: 10.1016/j.jsurg.2019.10.004

42. Pazour J, Horák Z, Džupa V. Does the position of a sustentacular screw
influence the stability of a plate osteosynthesis of a calcaneal fracture? A
biomechanical study. Proc Inst Mech Eng H. (2021) 235(9):993–1000. doi: 10.
1177/09544119211019509
frontiersin.org

https://doi.org/10.1186/s13018-020-01644-3
https://doi.org/10.1186/s13018-020-01644-3
https://doi.org/10.1053/j.jfas.2020.04.018
https://doi.org/10.1186/s13018-018-1003-y
https://doi.org/10.1016/j.fas.2018.10.005
https://doi.org/10.1111/iwj.13663
https://doi.org/10.1111/iwj.13663
https://doi.org/10.1097/MD.0000000000004628
https://doi.org/10.1097/MD.0000000000004628
https://doi.org/10.1007/s00402-021-04102-9
https://doi.org/10.1097/MD.0000000000017611
https://doi.org/10.1016/j.injury.2019.07.015
https://doi.org/10.1016/j.medengphy.2019.06.004
https://doi.org/10.1186/s13018-021-02349-x
https://doi.org/10.1590/1413-785220192706223193
https://doi.org/10.1186/s13018-020-01644-3
https://doi.org/10.33699/PIS.2021.100.8.369-375
https://doi.org/10.1016/j.jsurg.2019.10.004
https://doi.org/10.1177/09544119211019509
https://doi.org/10.1177/09544119211019509
https://doi.org/10.3389/fsurg.2022.940432
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Global research trends and hotspots in calcaneal fracture: A bibliometric analysis (2000–2021)
	Introduction
	Methods
	Data source
	Retrieval strategies and data extraction
	Bibliometric and visual analysis

	Results
	Quantitative global publication trends
	Countries and regions of included publications
	Journals publishing research on calcaneal fracture
	Keywords analysis of research hotspots

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


