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Objective: The treatment of chronic osteomyelitis (COM) is extremely challenging for physicians and patients. It is of
great significance to explore the research status, development trend and future research hotspots in the field of COM
to promote the development of this field. This study is aimed to explore the global research status of COM and predict
its future research hotspots based on bibliometric and visualized analysis.

Methods: Web of Science core collection database was used to search the related literature of COM from 1994 to
2020. All data were imported into Microsoft Excel 2019 for collation. Additionally, the literature quality of countries,
authors, journals, and institutions is evaluated. The VOS viewer software was used for conducting co-analysis,
co-citation analysis, and keyword co-occurrence analysis of literature to analyze the global status and predict the
future hotspots of the COM field.

Results: A total of 726 articles were retrieved in this study. The number of global publications shows a trend of wave
growth, but the increase is not significant. It is expected that the number of COM articles will remain at more than
50 per year in the next decade. The COM literature published in the United States (Publications = 160, H index = 37,
average citations per item = 28.63) is of the highest quality. Girschick HJ (Publications = 16, H index = 14, average
citations per item = 52.25) is the most contributed scholar in the field of COM. UNIV IOWA (Publications = 15, H
index = 11, average citations per item = 57.27) and UNIV WURZBURG (Publications = 18, H index = 15, average cita-
tions per item = 47.5) are influential institutions in the field of COM. The results of co-occurrence analysis show that
the field of COM can be roughly divided into the following five modules: COM surgical research, COM basic research,
COM diagnosis-related research, chronic recurrent multifocal osteomyelitis (CRMO)-related research, risk factors of
COM. Risk factors of COM are the module with the highest concentration of hot words.

Conclusion: COM-related research will continue to develop further in the next decade. The diagnosis research and risk
factors of COM are the most popular research modules in recent years. Some controversial or troubled issues includ-
ing the efficacy of perforator flap and fascia flap covering soft tissue, searching exclusive detection methods for the
diagnosis of COM and bisphosphonates and biological agents in the treatment of CRMO may lead to the development
of the COM field.
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Introduction

Chronic osteomyelitis (COM) is a chronic disease of bone
marrow, periosteum, bone cortex, and surrounding tis-

sue necrosis caused by pathogenic bacteria or aseptic inflam-
mation.1,2 COM resulting from a variety of causes, including
host tissue necrosis, post-traumatic acute osteomyelitis, dia-
betic foot, internal fixation surgical infection, and blood dis-
semination.3 Accurate diagnosis of COM is the fundamental
key to successful treatment. However, the atypical symptoms of
early COM and the lack of precise laboratory markers and
imaging scans make its diagnosis difficult.4,5 In addition, patho-
gens can easily avoid antibiotics and develop drug resistance
because they can form biofilms on the surface of bone or
implants.6 Hence, the treatment of COM is extremely challeng-
ing for both doctors and patients due to its long treatment
cycle, high recurrence rate, and high disability rate. At present,
a number of studies have systematically reviewed the research
progress in the sub-field of COM. A meta-analysis by Qi et al.
showed that the total radical cure rate of COM treated with
antibiotics-calcium sulfate was 92%.7 Arshad et al. concluded
that the treatment principles of COM are removal of infected
tissue, dead space management, and antibiotic treatment.8 Bury
believes that magnetic resonance imaging with and without
contrast agents is more sensitive for identifying late
osteonecrosis areas.9 Nevertheless, the global research trend and
future hotspots prediction in this field are rarely systematically
studied. Against this background, it is of great significance to
explore the research status, development trend, and future
research hotspots in the field of COM to promote the develop-
ment of this field and lead scholars to overcome clinical diffi-
culties in a targeted direction.

As an emerging means, bibliometrics help researchers
to qualitatively and quantitatively grasp the scientific output
and research trend in a certain research field in a short
time.10 It mainly concentrates on the analysis of the contri-
butions of research institutions, researchers or groups,
journals, and countries to a certain field. The information
displayed by bibliometrics is more intuitionistic and abun-
dant combined with visual analysis. To date, bibliometrics
have been used in many medical research domains, such as
subchondral bone, cesarean section scar uterine pregnancy,
acupuncture treatment of insomnia, osteoporosis.11–15 There-
fore, this study aims to use bibliometrics and visualization to
(i) evaluate the research status and development trend of
COM since the Web of Science Core Collection (WOSCC)
database was established and (ii) to predict research hotspots
of COM over the next few years. We hypothesize that the
research on COM will increase year by year. The research
focus of COM is mainly focused on early diagnosis and
radical cure.

Methods

Data Sources and Retrieval Strategies
Publications retrieval was completed by two independent
authors (Chen JL and Zhang HT). The inclusion criteria are

as follows: (i) original articles and review article on COM
from 1994 to 2020; (ii) English literature; (iii) the literature
is from the WOSCC database. The exclusion criteria are as
follows: (i) other types such as conference papers, only
abstracted literature, newspaper articles, protocol, and pat-
ents. The search term was as follows: TI = (chronic osteo-
myelitis), language (English), literature type (Article or
review) index = SCI-EXPANDED time = 1994–2020. The
literature search period ended on March 1, 2021.

Data Extraction Content
Download all the records determined by the retrieval strategy
and extract the data. Data extraction content is as follows:
(i) year, country, author, affiliated institution, journal name,
keywords, abstract of the publication; (ii) H index, average
cited frequency of each item, total cited frequency of coun-
tries, authors, institutions and journals; (iii) the top 10 cited
literature titles, year of publication, main research conclu-
sions, source journals (impact factors). Impact factors are
obtained from the 2019 version of the Journal Citation
Reports. The data are downloaded through the functions of
“creating citation report” and “analyzing retrieval results,”
respectively. The format of the downloaded file is “TXT,”
and the contents are fully recorded and cited references.

Statistical Analysis and Visualization
All data were imported into Microsoft Excel 2019 for colla-
tion. Microsoft Excel was used to perform a broken-line
trend chart of the number of documents published each
year, and a combination map of publications quality evalu-
ation of countries (or regions), authors, journals, and insti-
tutions. The blue trend line in the broken-line trend chart
represents the overall literature publication trend, which is
completed by the linear trend line function in Microsoft
Excel 2019. GraphPad Prism 8.0 (San Diego, USA,
GraphPad Software) was used to draw pie charts of the top
10 countries (regions), authors, journals, and institutions.
The “TXT” files containing fully recorded and cited refer-
ences were introduced into VOSviewer version 1.6.15 (Van
Eck and 21 Walt-man, Leiden University, Leiden, The
Netherlands) for co-authorship analysis and co-occurrence
analysis. Co-occurrence analysis included a clustering visu-
alization map and hotspot prediction visualization map.

Results

Literature Quantity and Growth Trend
A total of 726 articles related to COM were included. Among
them, there are 90 (12.4%) prospective clinical studies,
356 (49.0%) retrospective clinical studies, 98 (13.5%) basic
studies, and some secondary studies such as systematic
review and meta-analysis. Figure 1 shows that the number of
global publications presents a trend of wavy growth, but the
increase is not significant. In the past 4 years, the number of
publications has exceeded 40. The year 2020 (n = 52) is cur-
rently the year with the largest number of articles published.
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The blue trend prediction line suggests that the number of
publications in the next decade will remain at more than 50.

Country (Region) Distribution, Quality Evaluation, and
Co-Author Analysis
A total of 62 countries around the world have participated in
the study of COM. The top 10 countries (regions) with the
largest number of publications are shown in Figure 2A. The
United States (n = 160, accounting for 22.03%) is the coun-
try with the largest number of published literatures in this
field, followed by Germany (n = 81, accounting for 11.16%)
and China (n = 75, accounting for 10.33%). H index and
cited frequency are usually used as indicators of contribution
among comparative scholars. H index and cited frequency
are usually used to measure the contribution among scholars.
Concerning the literature quality assessment of countries
(regions), the United States has the highest H index (37),
Germany’s H index (33) ranks second, but other countries are
almost at the same low level. As for the average cited fre-
quency per item, Germany is the highest (37.52), France,
which ranks ninth in the number of publications, ranks sec-
ond (29.92), and the United States ranks third (28.63)
(Figure 2B). The total cited frequency of the United States
(4581) and Germany (3039) far exceeded other countries,
ranking first and second, respectively. In the co-authoring
visualization analysis of countries (regions), the United States
has the largest node, with 16 connecting lines and total links
strength (TLS) of 240, followed by Germany, which has coop-
erative relations with 14 countries (TLS = 105) (regions).

Institutions Distribution, Literature Quality Evaluation,
and Co-Author Analysis
Figure 3A shows the top 10 subordinate organizations.
CHINA MED UNIV (n = 21) ranked first. CHINA MED
UNIV HOSP (n = 20) and UNIV WURZBURG (n = 18)
ranked second and third, respectively. The first two

institutions come from China. However, their literature
quality seems mediocre. UNIV WURZBURG15 H index
ranks first (Figure 3B). The UNIV IOWA of the
United States ranks first in the average cited frequency per
item and total cited frequency. In the co-visualization
analysis of institutions, Univ Wurzburg (TLS = 19) and
Univ Iowa (TLS = 16) collaborated with eight and seven
institutions, respectively (Figure 3C).

Author Distribution, Literature Quality Assessment, and
Co-Citation Analysis
The top 10 authors were shown in Figure 4A. Girschick HJ
(n = 16) and Tseng CH (n = 16) were the two authors with
the most published literature in the field of COM. Besides,
Girschick HJ ranked first in three indicators of literature
quality evaluation, with 14, 52.25 and 820 respectively
(Figure 4B). In the co-citation analysis of authors,
Girschickhj (links = 85, TLS = 4310) is the most co-cited of
all authors and has the strongest correlation with other
authors (Figure 4C).

Journal Distribution, Literature Quality Assessment, and
Co-Citation Analysis
Among the top 10 published journals, International
Orthopedics (n = 15) has published the greatest number of
COM-related literatures. By comparison, Clinical Orthopedics
and Related Research is a high-quality journal recognized by
scholars, with a H index, average cited frequency, and total
cited frequency of 10, 31.17, and 374, respectively. Consistent
with the quality of the literature, the co-citation analysis of
journals showed that Clinical Orthopedics and Related
Research had the highest links (links = 168, TLS = 101,298)
(Figure 5).
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Top 10 Cited Pieces of Literature in the Field of COM
Table 1 displayed the top 10 citations in the COM field.
The influence factors of 10 articles were all higher than

3 points. Nine pieces of literature were published before
2010, and only “Systemic Antibiotic Therapy for Chronic
Osteomyelitis in Adults” was published in 2012. There are

A

B

C

Fig. 2 (A) Top 10 countries (regions) of

publications number. (B) Country

(region) literature quality index.

(C) Co-author analysis of the country
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three articles about the diagnosis of COM and three arti-
cles about CRMO.

Co-Occurrence Analysis
In the co-occurrence analysis of keywords, set the minimum
repetition frequency to five times, a total of 801 keywords met
the standard, and finally 481 keywords are presented in
Figure 6. The COM domain can be roughly divided into five
modules: COM surgical research, COM basic research, COM
diagnosis-related research, chronic recurrent multifocal osteo-
myelitis (CRMO)-related research, COM-related risk factors
(Figure 6A). The keywords with the highest frequency in mod-
ule 1 are as follows: debridement, wound, surgical treatment,

bone defect, healing, muscle flap, reconstruction. The most
common keywords in module 2 are as follows: Staphylococcus
aureus, vancomycin, animal, methicillin-resistant S. aureus,
strain, bacterial load, in vitro. The more frequent keywords in
module 3 are as follows: sensitivity, specificity, accuracy, posi-
tive likelihood ratio, fluorodeoxyglucose-positron emission
tomography (FDG-PET). The most striking keywords in mod-
ule 4 are as follows: chronic recurrent multifocal osteomyelitis,
chronic nonbacterial osteomyelitis, children, adolescents, syn-
drome, bisphosphates. The keywords with the highest fre-
quency in module 5 are as follows: age, risk factors,
population, sex, complications, diabetes. Figure 6B indicated
that each module distributes more or less hot keywords, but
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Fig. 3 (A) Top 10 institutions of

publications number. (B) Institutions

literature quality index. (C) Co-author

analysis of the institution
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the hotspots of future research are mostly concentrated in
module 5.

Discussion

The research related to COM has gained increased
interest in the past decade. This study found that the

United States and Girschick HJ are the country and

author with the greatest contribution in the field of COM.
UNIV IOWA, UNIV WURZBURG and Clinical Orthopedics
and Related Research are the most influential institutions
and journal in this field. Additionally, the efficacy of per-
forator flap and fascia flap covering soft tissue, searching
exclusive detection methods for the diagnosis of COM
and bisphosphonates and biological agents in the

A
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C

Fig. 4 (A) Top 10 authors of

publications number. (B) Author

literature quality index. (C) Co-citation

analysis of author
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treatment of CRMO may lead to the development of the
COM field.

Global Research Status of COM
Generally speaking, the number of articles related to COM
shows a trend of wavy growth as a whole. It is expected that
the annual publication number of COM will remain at more
than 50 in the next decade. This may be related to the great

difficulty in the radical treatment of COM, the enormous
consumption of medical resources, and the progressive con-
cern of orthopaedic scholars. In the country literature quality
evaluation and co-author analysis of COM, the United States
occupies a prominent leading position and cooperates most
closely with other countries, which is closely related to the
strong economic support and recognized academic status of
the United States. In the literature quality assessment and

A
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C

Fig. 5 (A) Top 10 journals of

publications number. (B) Journal

literature quality index. (C) Co-citation

analysis of source journal
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co-analysis of the authors, Girschick HJ is the scholar with
the most contributions in the COM field and the most col-
laborations with other scholars. It is helpful for us to grasp
the authoritative dynamics in this field to pay attention to
Girschick HJ’s research direction. In the literature quality
assessment and co-analysis of institutions, Univ Iowa is a
relatively influential institution and in the COM field, but it
does not have a dominant position and is almost equivalent
to Univ Wurzburg. Scholars may consider these two institu-
tions for further exchange and study. In the evaluation of
literature quality and co-citation analysis of journals, the
literature of Clinical Orthopedics and Related Research have
the highest recognition of readers. The high-quality literature
of COM is more likely to be published on this journal in the
future.

In the top 10 cited articles, “Homozygous mutations in
LPIN2 are responsible for the syndrome of chronic recurrent
multifocal osteomyelitis and congenital dyserythropoietic
anemia (Majeed syndrome)” elaborated on the etiology and
mechanism of CEMO caused by genetic LPIN2. “Osteomye-
litis and the role of biofilms in chronic infection” discussed
the current understanding of the properties of biofilms and
the possible effects of molecular interactions between bacte-
ria themselves and between bacteria and hosts on the devel-
opment and phenotype of biofilms, which systematically
showed us the outline of the biofilm field of COM. “Systemic
Antibiotic Therapy for Chronic Osteomyelitis in Adults”
investigated the optimal time of using antibiotics for the
treatment of chronic osteomyelitis and debridement
methods, which provided a future research direction for
orthopaedic scholars. The diagnosis of COM was the
research spot with the largest proportion of references cited
in the top 10. Furthermore, all four pieces of literature affi-
rmed the effective value of FDG-PET in the diagnosis of
COM and guided clinical application. Two pieces of litera-
ture explored the clinical results of CRMO treatment in chil-
dren, which showed a good prognosis of CRMO in children.

COM Module Co-Occurrence Results Analysis
Detailed analysis of keyword co-occurrence results will help
us to grasp the research hotspots of COM in the future.
Hence, this study focuses on analyzing the research hotspots
predicted in module 3 and 5.

Module 1 relates to COM surgical research. The surgi-
cal treatment of COM mainly involves three aspects: local
debridement, treatment of bone defect, and elimination of
soft tissue cavity. First of all, debriding completely is the key
to a successful operation. Rachid et al. even proposed that
COM lesions should be treated as malignant tumors for over
clearing to achieve the effect of complete debridement.16,17

Subsequently, the problem that had to be faced was soft tis-
sue and bone defects. There is still controversy about the
treatment of bone defects with internal and external fixation.
The study of Wang et al. showed that there was no signifi-
cant difference between the two methods for bone defects
smaller than 4 cm, but external fixation showed a strong
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advantage instability when it was larger than 4 cm.18 Cur-
rently, the more popular fixation technology is Ilizarov,
which is not suitable for doctors in most grass-roots hospi-
tals due to its long learning curve, long course of treatment,
increased surgical trauma, and risk. Therefore, more studies
may focus on simple and effective external fixation tech-
niques in the treatment of bone defects in the future. In the

study of soft tissue defects, vascular latissimus dorsi and rec-
tus abdominis myocutaneous flaps have been widely used,
and the curative effect is confirmed; however, the beauty of
healing and the functional activities of the donor area
become negative problems in its later stage. Scholars put for-
ward that perforator flap and fascia flap can make up for the
defect of esthetic effect compared with muscle flap, but the

A

B

Fig. 6 Keyword co-occurrence analysis diagram. (A) Keywords module analysis diagram. (B) A convergence map of hot words

3387
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 12 • DECEMBER, 2022
BIBLIOMETRIC AND VISUALIZED OF CHRONIC OSTEOMYELITIS



comparison of curative effect needs to be further confirmed
by more studies.19

Module 2 relates to COM basic research. The research
direction of this module is mainly focused on the in vitro
biofilm of COM. S. aureus is the most common pathogen
causing COM.20 The difficulty of COM lay in the formation
of bacterial biofilm. Bacterial biofilm can resist not only the
host mechanism but also the penetration of most antimicro-
bial agents through the biofilm. Additionally, the bacteria in
the membrane will also form low-toxicity characteristics.
Studies have manifested that the formation of S. aureus bio-
film is closely related to CWA and BEM proteins.21 Conse-
quently, scholars suggest that the prophylactic use of
recombinant vaccine against CWA and BEM protein may
effectively block the formation of biofilm.22 As for anti-
biofilm research, the current hotspot still focuses on antibi-
otic therapy through the biofilm, and there are still many
gaps in the study of anti-COM biofilm mechanism, so the
future research prospect is great.

Module 3 relates to the diagnosis research of COM. In
most patients, additional diagnostic images are essential to
identify or rule out active infections. Similar to the results of
the top 10 cited above, the most significant keywords are
diagnostic terms and FDG-PET. As early as in 2005, a meta-
analysis by Termaat et al. demonstrated that FDG-PET com-
bined technique was the best diagnostic method.23 Bacterial
culture is the most important link in the diagnosis and treat-
ment of osteomyelitis, but the positive rate of culture is not
satisfactory.24 In addition, common imaging techniques for
the diagnosis of osteomyelitis include plain film, computed
tomography, magnetic resonance imaging, and radionuclide
labeling scanning. It is generally suitable for patients 2 weeks
after infection, which need to be combined with a variety of
imaging examinations for diagnosis. In recent years, Raman
spectroscopy and IL-13 α 2 receptor as probe MRI imaging
system have been proposed one after another.25,26 Neverthe-
less, there is still no way to achieve 100% diagnostic accu-
racy. In the diagnosis of COM, we still need to find
convenient and accurate detection methods or indicators.

Module 4 relates to CRMO research. CROM is another
name for the aggravated condition of chronic non-bacterial
osteomyelitis (CNO). As a matter of fact, CRMO belongs to
autonomous diseases, which are most common in children,
and the average age of onset is 9 years old.27 CRMO is in a
dilemma both in diagnosis and treatment. As there is no
gold standard diagnosis currently, we can only rely on an
exclusion for diagnosis. The diagnosis of CNO is very chal-
lenging because it needs to be distinguished from infectious
osteomyelitis and malignant tumors. Whole body MRI is
advantageous in distinguishing CNO from alternative diag-
noses.28 The main goal of CRMO treatment should be to
relieve pain and prevent disease progression and permanent
damage of diseased bones, which can usually be treated with
non-steroidal anti-inflammatory drugs, glucocorticoids, or
bisphosphonates.29 Notwithstanding, more and more evi-
dence supports intravenous bisphosphonate therapy, and

some biological agents such as TNF-an inhibitors have been
used in clinics gradually. Bisphosphonates or biological
agents may be the first choice for CRMO in the future.27,29,30

Module 5 relates to the risk factors of COM. In terms
of risk factors, different types of COM have various patho-
genic factors and pathogenic bacteria. Most COM are caused
by post-traumatic fracture, diabetes, sickle cell disease, mal-
nutrition, etc. There are the most yellow words concentrated
on this module, in other words, the hotspots of future
research are the most. However, after searching the relevant
literature, it is found that the current literature is sparse on
the risk factors of COM. Thus, this module is a research
direction in which scholars should invest a lot of energy to
seek a breakthrough in the field of COM for the future.

Strengths and Limitations
To our knowledge, this is the first study to investigate the
status and future hotspot of COM research. Undeniably,
there are some limitations in this study. First of all, this
study only searched the WOS database, and some other large
databases, such as PUBMED, were not included, which may
cause some bias. In addition, this study only searched articles
in the English language, and articles in other languages were
not analyzed, which may also lead to some bias.

Conclusion
In a nutshell, COM-related research will continue to develop
further in the next decade. The United States is the country
with the greatest contribution in the field of COM. Girschick
HJ is the scholar who has contributed the most in the field
of COM. UNIV IOWA and UNIV WURZBURG are the most
influential institutions in this field. Clinical Orthopedics and
Related Research is a high-quality journal recognized by
scholars in this field. The future research hotspots of COM
are more likely to focus on simple and effective external fixa-
tion techniques in the treatment of bone defects, the efficacy
confirmation of perforator flap and fascia flap covering soft
tissue, the study of the anti-biofilm mechanism of COM,
searching convenient and accurate detection methods or
indicators for the diagnosis of COM, bisphosphonates and
biological agents in the treatment of CRMO, and the study
of pathogenic factors and pathogenic bacteria of COM.
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