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ABSTRACT

Aims: Vascularized fibula graft (VFG) technique is one of these “gold standard” techniques in bone regeneration. Although
there have been several bibliometrics studies in orthopedics, there haven’t been any on VFGs. By identifying the gaps in
previous research, we sought to provide light on the scientific evolution of VFGs and provide direction for future investigations.
Methods: In this bibliometric study, the Web of Science (WOS) database was used to access publications on VFG published
between 1986-2022. A literature search was performed with selected keywords. The dataset obtained was downloaded from the
WOS database as an output. This output was analyzed with VOSviewer and Biblioshiny tools.

Results: A total of 430 documents on VFG included the study. A mean of 11.9 articles/year was published on VFG. The first
article on VFG published in 1986. Since 2005, there has been an increasing trend in the number of articles and citations. The
year with the highest number of both publications (n=32) and citations (n=756) was 2021. The publications on VFG have
cited a total of 7300 times, an average of 16.98 citations per publication. Total 51 countries contributed to publications on the
VFG between 1986-2022. The United States of America (USA) was identified as the global leader in terms of the number of
publications (n=91, 21.163%), followed by Japan (n=58, 13.488%) and China (n=56, 13.023%). The USA had 91 manuscripts
and 2162 citations with an H-index:29 and Japan had 58 manuscripts and 1145 citations with an H-index:22.

Conclusion: The literature on VFG is quite limited. Most of the publications are from developed countries. Studies should be
supported for this method that can be used in the treatment of many diseases, especially in developing countries.

Keywords: Publications, bibliometric analysis, vascularized fibular grafting

go through, resulting in better recovery and increased
strength.4 Also free VFG is a biological reconstruction
technique that can promote the growth of new bone and
nourish the cartilage in the femoral head’s subchondral
region.’

The VFG technique dates back to the 1960s, but its first
applications began after microvascular anastomosis
procedures were developed.* Taylor et al.” reported the
first case study describing the VFG technique in the year
1975. In this report, a tibial defect was repaired utilizing
a vascularized graft from the opposing fibula.® Since
then, the indications for VFG have grown to include
fixing skeletal defects brought on by trauma, congenital

INTRODUCTION

Bone regeneration is a complicated, well-coordinated
physiological process of bone formation that is involved
in ongoing remodeling throughout life and can be
observed during normal fracture repair."

There are many methods that are considered the “gold
standard”: For example, autologous bone grafting,
allograft implantation, and the use of growth factors,
osteoconductive scaffolds, osteoprogenitor cells, and
distraction osteogenesis are just some of the current
techniques used to improve the impaired or “inadequate”
bone regeneration process. Vascularized fibula graft

(VEQG) is one of these “gold standard” techniques.’

VFGs, in contrast to other bone-grafting techniques,
call for the preservation and reconnection of a vascular
pedicle from the donor site to the graft site.*

Vascularized fibula graft transfer technique is a well-
known technique for treating large bone abnormalities
brought on by infection, tumor excision, early stages
of osteonecrosis, or trauma.*® It avoids the creeping
substitution process that traditional bone transplants
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pseudoarthrosis, tumors, and infections.*®* VFG recipient
sites can be upper or lower extremities and this technique
can be used in both adult and pediatric patients.*

Intensive scientific research is being conducted in tissue
engineering and gene therapy to reduce the disadvantages
of the latest methods, to develop bone graft implants with
biomechanical properties as similar as possible to normal
bone structure, and to accelerate the bone regeneration
process.”
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Bibliometric studies are research methods that examine the
results of scientific outputs in a field of science or research
topic and guide further studies. With this technique, which
is used in many fields including medicine, many scientific
advances and gaps can be identified.""'” Although many
studies have been conducted in orthopedics, no similar
study was found in the literature on VFGs."®" In this
bibliometric study, our aim was to reveal the scientific
development of VFGs and to guide future studies by
identifying the missing points.

METHODS

The study is an open data bibliometric study, does not
contain human or animal material, and does not require
ethics committee approval, and informed consent. All
procedures were carried out in accordance with the
ethical rules and the principles.

This study is a bibliometric study of the literature on
vascularized fibular grafting technique. In this study, the
Web of Science (WOS) electronic bibliometric database
was used to access publications on the relevant topic.

Asthe WOS database is constantly updated, we conducted
a literature search in the WoS database on a single day,
February 15, 2023.

Inclusion/Exclusion Criteria

We adopted a comprehensive search strategy to access
VEG’s publication records. Language, country/region
were not applied. Since the first publication was published
in 1986, we chose 1986 as the search start year. Since 2023
was not completed, we did not include publications in
2023. In summary, we chose 1986-2022 as the search
years. We did not exclude by document type. In addition,

publications in all sub-indexes of the WOS core collection
were included in the study.

Search Terms

A literature search was performed with selected keywords
(vascularized fibular graft OR vascularized fibular
grafting OR Vascularized Fibular Bone Grafting) in the
TITLE section of the WOS database search engine.

Bibliometric Methods and Visualization Tools

Then, the dataset obtained was downloaded from the
WOS database as an output. This output was transferred to
Excel 2019, VOSviewer_1.6.18 visualization tool, and an
open-source data visualization software tool Biblioshiny
(version 2.0) were used to examine the development and
trends in article themes.?

Bibliometric data such as countries with the highest number
of publications in the relevant subject, types of publications,
number of publications over the years, number of citations,
institutions where the most publications were published,
authors who published the most publications, trending
topics, dominant keywords of publications were analyzed.
In addition, detailed visualization of collaborations between
countries was made using Vos viewer.

RESULTS

A total of 430 documents on VFG published until the
end of 2022 were selected and included in the analysis.
A mean of 11.9 articles/year was published on VFG. The
first article on VFG published in 1986. The development
of VFG’s publications over time is depicted in Figure
1 together with citations. A general upward trend
in publications was observed, with small downward
fluctuations in some years.
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Figure 1. Annual publication and citation numbers of the VFG publications between 1986-2022*
* Downloaded from the WoS database. Although the research year is until the end of 2022, 2023 is also seen in this dataset. 2023 citation

numbers are not yet calculated in WoS as the year is not over.
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Since 2005, there has been an increasing trend in the
number of articles. 2021 is the year with the highest
number of publications with 35 publications (7.442%).
Since 2013, at least 15 publications have been published
every year (Figure 1). The annual number of citations of
VFG publications is irregular but has never fallen below 100
per year since 2005 (Figure 1). The year with the highest
number of both publications (n=32) and citations (n=756)
was 2021. In 2022, there was a decrease in the number of
publications (n=20) and citations (n=656) (Figure 1).

95.814% of the publications were in English. 85.349%
were indexed in Science Citation Index Expanded (SCI-
EXPANDED), 12.558% in Emerging Sources Citation
Index (ESCI), 4.651% in Conference Proceedings Citation
Index - Science (CPCI-S) and 1.163% in Book Citation
Index - Science (BKCI-S). The publications on VFG have
cited a total of 7,300 times, an average of 16.98 citations
per publication. The average value of the H indexes was 45.

Total 51 countries contributed to publications on the VFG
between 1986-2022. The United States of America (USA)
was identified as the global leader in terms of the number
of publications (n=91, 21.163%), followed by Japan (n=58,
13.488%) and China (n=56, 13.023%) (Table 1). The USA
contributed 91 manuscripts and 2162 citations with an
h-index of 29 and 23.76 citations per publication in the
VFG from 1986 to 2022. Japan contributed 58 manuscripts
and 1145 citations with an H-index of 22 and 19.74
citations per publication in the VFG in the same period.

Table 1. Countries with the most publications on VEG between
1986 and 2022

Ranking Countries/Regions n %
1 Usa 91 21.163
2 Japan 58 13.488
3 China 56 13.023
4 France 32 7.442
5 Italy 30 6.977
6 India 24 5.581
7 Egypt 20 4.651
8 England 19 4.419
9 Germany 17 3.953
10 Turkey 15 3.488
11 Australia 10 2.326
12 Greece 10 2.326
13 Switzerland 10 2.326
14 Netherlands 7 1.628
15 Pakistan 7 1.628
16 Spain 7 1.628
17 Taiwan 7 1.628
18 Singapore 6 1.395
19 South Korea 6 1.395
20 Austria 5 1.163
21 Canada 5 1.163
22 Indonesia 5 1.163
23 Israel 4 0.930
24 Brazil 3 0.698
25 Iran 3 0.698
*Showing 25 out of 51 countries; no data about 1 record

The publications on VFG were published in 25 research
areas, the most common being surgery (63.023%)
and orthopedics (52.326%). Some publications were
published in more than one research area (Table 2).

Table 2. Top research areas of the VFG publications

Research Areas n % of 430
Surgery 271 63.023
Orthopedics 225 52.326
General internal medicine 31 7.209
Oncology 30 6.977
Pediatrics 21 4.884
Neurosciences neurology 12 2.791
Dentistry oral surgery medicine 11 2.558
Emergency medicine 10 2.326
Research experimental medicine 9 2.093

There was 430 documents and 359 articles on VFG
published between 1986-2022. 1665 authors contributed
the VFG literature. Annual growth rate of the publications
was 3.01.

%14 documents were single-authored. International co-
authorships rate was %11.83. Main information on VFG
literature is given in Table 3.

Table 3. Main information on VFG literature published between

1986-2022.

Description Results
Timespan 1986-2022
Sources (journals, books, etc) 145
Documents 430
Annual growth rate % 3.01
Document average age 11.9
Average citations per doc 16.93
References 6073
Document contents

Keywords plus (ID) 625

Author's keywords (DE) 691
Authors

Authors 1665

Authors of single-authored docs 14
Authors collaboration

Single-authored docs 14

Co-authors per doc 4.94

International co-authorships % 11.83
Document types

Article 359

Book chapter 5

Early access 2

Proceedings paper 15

Editorial material 5

Letter

Meeting abstract 1

Proceedings paper 5

Review 38
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The publications were published in 146 different journals.
The journals with the most publications on VGF were the
Journal of bone and joint surgery (n=22), Microsurgery
(n=22), and Journal of Reconstructive Microsurgery
(n=20). Table 4 summarizes the journals that publish the
most on VGE

Table 4. The list of journals that publish the most on VGF

Publication Titles n % Journal impact
factor (five year)

Journal of Bone and

Jointsurgery British Volume oo el 3479

Microsurgery 22 5.116 2.405

Journal of Reconstructive 20 4651 2492

Microsurgery ) ’

Clinical Orthopaedicsand

Related Research 7 2 .55

Journal of Bone and

Jointsurgery American Volume 16 3.721 TS

{;)Otﬁll;gleoﬂland Surgeryamerican 1, 5 og; 2.809

Journal of Plastic Reconstructive

and Aesthetic Surgery - &2 215

Orthopaedics Traumatology 11 2558 2847

Surgery Research : :

glllarsgtéi;nd Reconstructive 11 2558 5348

Annalsofplastic Surgery 10 2326 1.988

The authors from 550 affiliations contributed the VGF
research. The authors with the most publications in the
VEG were affiliated with institutions in the USA. Mayo
Clinic from the USA was the most productive affiliation
on VGF research with 32 publications. Sapporo Medical

University from Japan ranked 2nd with 11 publications
and followed by Duke University from the USA (n=10),
the University of Pennsylvania from the USA (n=10) and
the University of California, Davis (UC Davis, UCD, or
Davis) from the USA (n=9). The number of publications of
institutions according to years is schematized in Figure 2.

The article published by Capanna and colleagues in
Orthopedic Clinics of North America in 2007 was the
most cited article on VFG (n=148 and with an average of
8.71 citations per year.).*! The summary list of the top 25
most cited articles on VFG published between 1986 and
2022 is given in Table 5.

Figure 3a and Figure 3b provide an overview of the
use of these keywords and present a chronological
analysis of the keywords provided by the article’s writers.
Three distinct periods were separated from the life
span in order to calculate the frequency of keywords
throughout time. The term “resection” was used in the
most research (n=108). These studies also received the
most citations after they were published. The majority
of articles containing this term were published after
2000s. The second most common term over the past
20 years has consistently been “reconstruction,” and
it is also the most utilized keyword. ‘Graft, ‘defects)
‘flap, ‘osteosarcoma, ‘bone, ‘vascularized fibular graft]
‘tumor resection;management, ‘allograft, ‘children, and
‘replacement’ are other noteworthy keywords in terms of
their frequency of occurrence during the last ten years.
Figure 3¢ is the keyword frequency tree.
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Using VOSviewer, we produced two visual network maps
for co-citation among institutions and countries (Figure
4 and Figure 5). The network of co-citations throughout
institutions and countries is represented by each colors.
An item is more commonly co-referenced or cited if the
circle is larger.

Among 531 institutions, 39 of them had occurred a
minimum of three times. There were 39 items, 7 clusters,
and 203 links, and the total link strength was 355.

Among 54 countries, 26 of them had occurred a minimum
of three times. There were 26 items, five clusters, and 198
links, and the total link strength was 1537.
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DISCUSSION

In this study, a comprehensive bibliometric analysis of
the literature on VFG was conducted using the WoS
database. This is the first bibliometric analysis of the
literature on VFG. For this reason, it contains some
guiding information for future studies on this subject.
This bibliometric analysis carried out as part of this
study’s design demonstrated a non-linear behavior in the
amount of citations and publications received by articles
published in VFG. The first article on VFG in WoS$
databse was published in 1986. The publications showed
an overall rising tendency, with minor downward
variations in a few years. The number of articles has been
trending upward since 2005. With 35 articles (7.442%),
2021 has the most publications overall. Every year
since 2013, at least 15 publications have been released.
Although inconsistent, the annual number of citations
for VFG papers has never been lower than 100 since
2005.

A total of 51 countries contributed to publications on
VFG between 1986 and 2022. This shows that the topic of
VFG has attracted global interest. Although publications
were frequently published from developed countries such
as the USA, Japan, and European countries, developing
countries (such as Egypt, Turkey, and Pakistan) also
contributed to the VFG topic.

The USA was identified as the global leader in terms
of the number of publications (n=91, 21,163%),
followed by Japan (n=58, 13,488%) and China (n=56,
13,023%). From 1986 to 2022, the USA contributed
91 articles and 2162 citations to the VFG, with 23.76
citations per publication and an h-index of 29. Japan
contributed 58 articles and 1145 citations to the VFG
during the same period, with an h-index of 22 and
19.74 citations per publication. This finding shows that
the USA is the leading country in VFG publications in
terms of both numbers of publications and citations.
In addition, our country citation analysis results show
that there is collaboration between countries with the
most publications. The authors with the most VFG
publications were connected to American academic
centers. With 32 publications, the Mayo Clinic in
the USA was the most productive affiliation on VGF
research. With 11 publications, Sapporo Medical
University in Japan came in second, ahead of Duke
University in the USA (n=10), the University of
Pennsylvania (n=10), and the University of California,
Davis (UC Davis, UCD, or Davis) in the USA (n=9).
Our inter-institutional citation analysis showed that
these institutions were also the institutions where the
most cited publications were published. There were
also links between institutions in the same color groups
regarding attribution of each other.
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An article’s impact is determined by the number of
citations. A high-quality paper is likely to receive more
citations, as is generally agreed upon, but determining
the paper’s quality can be difficult. While this is true,
poorly designed research can still be cited in manuscripts.
While this is true, poorly designed research can also be
cited by other authors.”

This study analyzed the most cited articles in VFG and
found that most of them were from the field of clinical
trials, and surgery (orthopedics/plastic surgery). Our
current analysis showed that VFG application studies
on surgical technique, Limb salvage and tumor received
more citations. According to Tahamtan et al., there are
a number of variables that might affect the frequency
of citations, and they divided these variables into
three categories: “Article- related factors,” “Author-
related factors,” and “Journal-related factors” That is
why we investigated the journals that publish the most
publications on this topic and their impact factors in our
study. These journals may also give ideas to authors who
plan to publish articles on VFG.*

When examining the literature for research, keywords
are a crucial tool that can be used in place of phrases
and sentences. In fact, keywords frequently offer more
relevant information.”* Many previously published
bibliometric analyses have included information about
keywords.**?” We conducted a detailed analysis of these
keywords using the Biblioshiny program. We examined
the mostly selected keywords by year and the most
frequently used keywords in a very detailed way. Three
distinct periods were separated from the life span in
order to calculate the frequency of keywords throughout
time. The term “resection” was used in the most research
(n=108). These studies also received the most citations
after they were published. The majority of articles
containing this term were published after 2000s. The
second most common term over the past 20 years has
consistently been “reconstruction,” and it is also the most
utilized keyword. ‘Graft, ‘defects;, ‘flap, ‘osteosarcoma,
‘bone, ‘vascularized fibular graft, ‘tumor resection,
‘management, ‘allograft] ‘children; and ‘replacement’ are
other noteworthy keywords in terms of their frequency
of occurrence during the last ten years.

In our study, VFG-related publications were most
commonly published in surgery (63.023%) and
orthopedics (52.326%). Specific to these fields, tumor
and surgical techniques were predominant in this
publications. Large tumor resection flaws provide a
challenge for skeletal reconstruction. Free VFG gives the
chance for quick autograft implantation in extremities
wounded by adjuvant radiation or chemotherapy.
Despite the high likelihood of complications, free VGF
reconstruction provides a durable solution for treating
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significant skeletal abnormalities following tumor
removal without raising the risk of amputation, local
recurrence, or metastasis.?®*?*® In connection with the
results of these studies, the effectiveness of this method
in the treatment of tumors in the field of orthopedics
is an important keyword. the results of the keyword
analysis in our study also prove this.

Limitations

Further research mightalleviate some of the shortcomings
of this study. A considerable discussion of the content
coverage of VFG publications, for instance, was not
included in the study because it concentrated primarily
on the presentation and visualization of bibliometric and
scientometric indicators. Consequently, a scoping review
that considers the conceptualization and definition of
the VFG topic could be a good starting point for future
research. The fact that this study does not provide
information regarding how the literature on VFG has
evolved is another disadvantage. While bibliometric and
scientometric indicators can be employed for these goals,
they are insufficient for judging the caliber of knowledge
generated. One database was only searched, which is
another drawback. As a result, it doesn’t encompass the
entirety of the VFQG literature.

CONCLUSION

Although the VFG surgical technique is a featured and
popular technique in orthopedic surgery, the number
of publications reported for VFG remains insufficient
in the orthopedic and surgical literature. Future studies
should consider including more publications and
database outputs (such as Pubmed/Scopus). In addition,
the inclusion of other outcomes, including the content of
publications, would be helpful for researchers.
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