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Mapping
Shengjie Dong, MD, PhD1, Fengyao Mei, MD2,3, Jiao jiao Li, PhD4 , Dan Xing, MD, PhD2,3

1Orthopedic Department, Yantaishan Hospital, Yantai and 2Arthritis Clinic & Research Center, Peking University People’s Hospital, Peking
University and 3Arthritis Institute, Peking University, Beijing, China and 4School of Biomedical Engineering, Faculty of Engineering and IT,
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Objective: Prosthetic joint infection (PJI) is the main reason of failure of total joint arthroplasty (TJA). This study aimed
to investigate the global trends and network visualization in research of PJI.

Methods: Publications in PJI search during 1980–2022 were extracted from the Science Citation Index-Expanded of
Web of Science Core Collection database (WoSCC). The source data was investigated and analyzed by bibliometric
methodology. For network visualization, VOS viewer and R software was used to perform bibliographic coupling, co-cita-
tion, co-authorship and co-occurrence analysis and to predict the publication trends in PJI research.

Results: There were 7288 articles included. The number of publications and relative research interests increased
gradually per year globally. The USA made the highest contributions in the world and with the highest H-index and the
most citations. Journal of Arthroplasty published the highest number of articles in this area. The Mayo Clinic, Thomas
Jefferson University (Rothman Institute), Hospital Special Surgery and the Rush University were the most contributive
institutions by network visualization. Included studies were divided into four clusters: bacterial pathogenic mechanism
and antibacterial drugs study, TJA complications, risk factors and epidemiology of PJI, diagnosis of PJI, and revision
surgical management. More articles in PJI could be published over the next few years.

Conclusion: The number of publications about PJI will be increasing dramatically based on the global trends and net-
work visualization. The USA made the highest contributions in PJI. Diagnosis and revision management may be the
next hot spots in this field.
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Introduction

Total joint arthroplasty (TJA) is commonly recommended
as the final line in treating end-stage degenerative joint

disease, such as osteoarthritis or rheumatoid arthritis. TJA,
typically in the knee or hip, are relatively cost-effective surgi-
cal procedures, which remove the source of joint pain and
allow joint mobility and function to be restored for hundreds
of millions of patients globally.1–4 The total number of total
knee arthroplasty (TKA) is expected to increase by 45% from

2016 to 2040 in Germany. During the same period, the num-
ber of total hip arthroplasty (THA) will be increased by
23%.5 The projected percentage in annual US use for TKA
and THA in 2040 will be 401% and 284%, respectively.6

Over the past decades, major advances have been made in
improving TJA surgical techniques, which resulted
in increased implant longevity. Despite improvements in
patient outcomes, however, more and more arthroplasty
revisions are performed for infection, fracture, loosening
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and, in hips, dislocation.7 Prosthetic joint infection (PJI) is
the main reason of revision TJA, which constitute main
cause of failure of THA and TKA in 15% and 25% of cases,
respectively.8,9 The prevalence of PJI has not reduced with
advances in implant and surgical technology, and cases of
PJI have continued to rise with an increasing rate of primary
TJA. Currently, the incidence of PJI were reported between
1% and 3% in primary TJA and between 3% and 10% in
revision TJA.7,10,11 The number of PJI will be increased to
10,000 cases/year at 2030.7

PJI is a devastating and possibly life-threatening com-
plication of TJA, which can often lead to implant failure and
other problems. Even if treatable, PJI can have a variety of
deleterious consequences including longer hospital stay,
increased burden for the healthcare system, and high
morbidity.12–15 Thus, PJI has been a popular research area
worldwide. Many research aspects in PJI are the focus of
research, including risk factors,16,17 pathogenesis and causa-
tive microorganisms,18 diagnostic19,20 and managements.21–23

23 However, the current state of research in this area and
global trends have not yet been studied in detail.

As a primary outlet of research findings, publications
indicate the contributions of global authors, countries, and
academic institutions within most fields of research. Network
visualization analysis is a quantitative method which uses
statistical tools to investigate the relationships and impacts of
publications in a certain research field.24,25 This methodology
has been utilized successfully to predict research focus and
global trends in some fields, including knee surgery,26

trauma,27 COVID-1928 and Parkinson’s disease.29 In this
study, we constructed a network map using bibliometric
tools to identify the relationships of authors, countries, and
institutions for research on PJI. We also performed co-
authorship, co-citation, co-occurrence and bibliographic cou-
pling analyses, and made predictions of global research
trends in this area including current areas of intense investi-
gation.30 Through these analyses, we provide a comprehen-
sive evaluation into the current global trends and network
relationship of PJI, which may provide scientists and clini-
cians with better understanding of the biggest players in the
study fields.

Materials and Methods

Data Source
In this study, publications on PJI were extracted from Sci-
ence Citation Index-Expanded of Web of Science Core Col-
lection database (WoSCC). This database is considered the
optimal database for network visualization, which covers
over 12,000 international scientific journals of high impact
and quality, and provides comprehensive data on the selected
publications.

Search Strategy and Selection Criteria
Searches were conducted in the WoSCC database during
1 January 1980–31 March 2022. The query for items search

was: (theme = prosthetic joint infection OR theme =
periprosthetic infection NOT theme = fracture). All identi-
fied publications were in English.

Included articles were any article type and related to
aspects of prosthetic joint infection, including epidemiology,
risk factors, surgery, outcomes, complications, antibiotics,
debridement, revision. Excluded articles were assessed to be
not related to prosthetic joint infection (e.g., false positive
data). Two reviewers independently read the title and
abstracts of all searched publications, included the articles
that met the selection criteria, and excluded the articles not
related to prosthetic joint infection. Disagreements were rec-
onciled by a third reviewer to reach consensus. We also
excluded clinical studies or trials published only as abstracts,
where no additional data was available from other sources.

Data Collection
Following a comprehensive search, publications were saved
as “Plain Text” with “Full Record and Cited References.”
Publication information from all eligible documents was col-
lected from the database, including title, author information,
abstract, keywords, publication year, countries, affiliated
institutions, and journal. Two authors screened and extracted
the data independently.

Bibliometric Analysis
The characteristics of included studies were analyzed and
summarized by bibliometrix package of R software (vision
4.0.3; https://cran.r-project.org).31 This analysis displayed
important bibliometric information about the bibliographic
data, including annual scientific production, top cited manu-
scripts, top productive authors, top productive countries,
total citations per country, top relevant journals, and top rel-
evant keywords. The H-index is determined by the scholar/
country’s most cited papers, and the average number of cita-
tions that they have received in other publications.32,33 The
time trend of publications was plotted using the ggplot2
package of R software. The following three-parameter logistic
model, F(x) = a/[1 + b � exp(�cx)], was utilized to fit and
predict the cumulative number of publications.

Visualized Analysis
The network analysis of publications was conducted viaVoS
viewer (Leiden University, Leiden, the Netherlands), which
included co-authorship, co-citation, co-occurrence, and bib-
liographic coupling analysis.34 A map of the number of pub-
lications in different countries was drawn using ggplot2
package of R software.

Results

Characteristics of Included Studies
There were 7288 included publications on PJI retrieved from
WoSCC using the search terms, which were published
between 1980 and 2022. These retrieved publications had a
total of 164,708 citations, and 22.6 average citations per
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document. There was a total of 6429 keywords contained
within the publications, as well as 21,807 authors which
appeared a total of 42,537 times.

Analysis of Global Publications
The rate of increase in global publications on PJI was low
and steady from 1990 to 2005. After 2005, the field saw a
rapidly rising trend in the number of publications annually,
increasing from eight in 1990 to 879 in 2021. The highest
number of research studies in this area occurred in 2021

(Fig. 1A).These results indicated increasing research interest
in PJI over the last 3–4 decades. The three-parameter logistic
model F(year) = 1687/[1 + 2020 � exp (�4.85 � year)] well
fitted the annual number of studies on PJI (red points). The
annual number of studies predicted to occur in the next
30 years was also indicated (blue points) (Fig. 1B). According
to predictive plot, the cumulative number of publications will
increase the fastest between 2015 and 2025. After 2035, there
will be an increment plateau of annual number of publica-
tions (Fig. 1B).

A

B

Fig. 1 Global trends of PJI research. (A) The global annual publication number and cumulative number of publications related to PJI research. The red

line indicated the single-year publication numbers, and the blue line indicated cumulative number of publications. (B) Model fitting curves of growth

trends in worldwide publications on applications to predict number of publications in the future. PJI, prosthetic joint infection

3
ORTHOPAEDIC SURGERY

VOLUME 9999 • NUMBER 9999 • 2023
GLOBAL TREND IN PROSTHETIC JOINT INFECTION

 17577861, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/os.13681 by N

H
M

R
C

 N
ational C

ochrane A
ustralia, W

iley O
nline L

ibrary on [26/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Contributions of Countries
There were 71 countries or regions which published research
on PJI worldwide, with the top 20 countries indicated in
Fig. 2A. The US was the highest contributor (2031 publica-
tions, 33.7%), followed by Germany (634, 10.5%), China
(413, 6.86%), and United Kingdom (366, 6.08%). Figure 2B
shows that the collaboration between the US and Germany,
followed by that between the US and France, occurred fre-
quently. The publication numbers of top 20 countries were
demonstrated by years (Fig. 2C).

Total Citation Number and H-index
As shown in Fig. 3A, The USA had the highest number of
total citations (79,694), followed by the UK (11,838),
Germany (11,762), Switzerland (8607), and France (6076).
When ranked by H-index, the USA came first (125) followed
by the UK (67), Germany (57), Switzerland (54) and France
(43), which matched the ranking order based on total num-
ber of citations.

Institutions
Among the top 20 institutions publishing on PJI, Mayo
Clinic produced the highest number of studies (537 papers),
followed by the Thomas Jefferson University (Rothman
Institute) (284 papers), Hospital Special Surgery (145 papers)
and the Rush University (142 papers) (Fig. 3B).

Journals
The highest number of articles on PJI was published in Jour-
nal of Arthroplasty published (755), followed by Clinical
Orthopaedics and Related Research (372), Journal of Bone
and Joint Surgery-American Volume (263), Bone & Joint
Journal (234), and International Orthopedics (153). The top
journals publishing articles on PJI are shown in Fig. 3C. The
cumulative number of studies published by the top
10 journals on PJI displayed a gradually rising trend for all
journals particular after 2010. The Journal of Arthroplasty
showed exponential growth in the number of studies in PJI
(Fig. 3D).

Authors
As shown in Fig. 4A, top 20 authors with the highest num-
ber of studies on PJI had a total of 1710 articles among them,
accounting for 23.5% of all included literature in this field.
Of these, Parvizi had the largest number of published papers
(302), followed by Trampuz (120), Patel (107), and Osmon
(100). Parvizi also had the largest number of total citations
(17,867), followed by Osmon (9427), and Zimmerli (7626).
The number of publications and total citations per year
(as reflected by size of circles) for each of the top 20 authors
over time is shown in Fig. 4B.

A

B

C

Fig. 2 Countries contributing to PJI research. (A) The sum of PJI

research related articles from the top 20 countries. (B) Countries

collaboration was the most significant between the USA and Germany,

followed by that between the USA and France. (C) The publication

proportion of top 20 countries for each year was demonstrated.

PJI, prosthetic joint infection
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Bibliographic Coupling Analysis

Journals
Bibliographic coupling analysis, aiming to detect a similarity
relationship between studies, was conducted based on the
number of references they shared. Two studies will be biblio-
graphically coupled, if they cite a set of the same sources.
Bibliographic coupling analysis could be used to generate a
knowledge relationship map of research institutions, journals
and countries in a research area, demonstrating the collabo-
ration network in that field.31 As shown in Fig. 5A, there
were 223 identified journals presented with their total link
strength (TLS). The following top five journals with the larg-
est TLS included Journal of Arthroplasty (TLS = 1,055,749
times), Clinical Orthopedics and Related Research
(TLS = 466,816 times), Journal of Bone and Joint Surgery-
American Volume (TLS = 356,809 times), Bone & Joint Jour-
nal (TLS = 288,702 times), and International Orthopedics
(TLS =241,687 times).

Institutions
As shown in Fig. 5B, 671 institutions were identified which
had published a minimum of five papers on PJI. The top five
institutions with the largest TLS based on bibliographic cou-
pling analysis were: Mayo Clinic (TLS = 859,437 times),
Thomas Jefferson University (Rothman Institute)
(TLS = 792,035 times), Rush University (TLS = 406,152
times), Thomas Jefferson University Hospital (TLS = 378,205
times), and Charité – Universitätsmediz in Berlin
(TLS = 372,673 times).

Countries
A total of 57 countries were identified with a minimum five
publications on PJI (Fig. 5C). The top five countries with the
largest TLS were as follow, USA (TLS = 3,495,154 times),
Germany (TLS = 1,720,611 times), the UK (TLS = 981,571
times), Spain (TLS = 896,637 times), and China
(TLS = 897,601 times).

A B

C D

Fig. 3 Citation frequency of different countries, publication number of institutions and journals and trends of PJI research of journals. (A) The total

citations for PJI research articles from different countries. (B) Publication number of top 20 institutions. (C) Publication number of top 20 journals.

(D) The cumulative number of articles published by the top 10 journals on PJI per year indicated a rising trend for all journals after 2010. PJI,

prosthetic joint infection
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Co-authorship Analysis
Co-authorship analysis provided a vision of cooperation pat-
terns among organizations, which was used to assess scien-
tific collaboration patterns in a specific field. For
investigating co-authorship, nodes (representing authors,
countries or institutions) were connected, indicating they
sharing the authorship the same study.30

Authors
There were 1095 authors contributed a minimum five publi-
cations on PJI were identified (Fig. 6A). The top five authors
with the largest TLS were as following, Parvizi (TLS = 849

times), Osmon (TLS = 286 times), Patel (TLS = 271 times),
Tan (TLS =268 times), and Soriano (TLS = 264 times).

Institutions
As shown in Fig. 6B, the 671 institutions which published at
least five papers on PJI showed largest TLS based on co-
authorship analysis for: Thomas Jefferson University
(Rothman Institute) (TLS = 279 times), The Mayo Clinic
(TLS = 252 times), Rush University (TLS = 229 times), Bar-
celona University (TLS = 206 times), and Charité – Uni-
versitätsmedizin Berlin (TLS = 200 times).

A

B

Fig. 4 High contribution authors of

global research about PJI. (A) The high

impact authors in the world. Parvizi

also had the highest number of

number of publications on PJI. (B) The

number of publications and total

citations per year for each of the top

20 authors over time. The total

citations per year was reflected by

size of circles. PJI, prosthetic joint

infection
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Countries
As shown in Fig. 6C, a total of 56 countries with at least five
publications on PJI indicated the top countries with the larg-
est TLS, namely USA (TLS = 715 times), Germany
(TLS = 494 times), UK (TLS = 404 times), Switzerland
(TLS = 312 times), and Italy (TLS = 302 times).

Co-citation Analysis
Co-citation is the frequency by which two documents are
cited together by other documents. The more co-citations
shared between two studies, the higher co-citation strength,
and therefore the more likely that they are related.

Publications
As shown in Fig. 7A, a total of 1670 publications which have
been cited a minimum of 20 times were identified for co-
citation analysis. The top five publications with greatest TLS
included Zimmerli et al. (TLS = 18,968 times), Osmon et al.
(TLS = 16,479 times), Parvizi et al. (TLS = 12,847 times),
Trampuz et al. (TLS = 12,456 times), and Kurtz et al.
(TLS = 10,434 times).

Journals
As shown in Fig. 7B, a total of 951 journals were identified
with references that were cited at least 20 times. The top five
journals with the largest TLS by co-citation analysis were:
Clinical Orthopedics and Related Research (TLS = 975,090
times), Journal of Arthroplasty (TLS = 839,818 times), Jour-
nal of Bone & Joint Surgery-American Volume
(TLS = 813,161 times), Clinical Infectious Diseases
(TLS = 415,596 times), and Bone & Joint Journal (TLS
=362,090 times).

Co-occurrence Analysis
Co-occurrence analysis is conducted based on the relation-
ship among some aspects, such as research fields. This study
is performed according to the number of publications in
which they occur together. The goal of this analysis is to
track scientific development within particular fields and
understand the most researched topic areas.

As shown in Fig. 8 A and B in different colors, the
1132 keywords arising from the included publications could
be classified into four clusters: “bacterial pathogenic mecha-
nism and antibacterial drugs study (red),” “TJA complica-
tions, risk factors and epidemiology of PJI (green),”

A

B

C

Fig. 5 Bibliographic coupling analysis of global research about PJI.

(A) Mapping of the 223 identified journals on PJI. (B) Mapping of the

671 institutions on PJI. (C) Mapping of the 57 countries on PJI. The line

between two points in the Figure represents that two journals/

institutions/countries had establish a similarity relationship. The

thicker the line, the closer the link between the two journals/

institutions/countries. PJI, prosthetic joint infection
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A

B

C

Fig. 6 Co-authorship analysis of

global research about PJI.

(A) Mapping of the 1095 authors co-

authorship analysis on PJI.

(B) Mapping of the 671 institutions

co-authorship analysis on PJI.

(C) Mapping of the 56 countries co-

authorship analysis on PJI. The size

of the points represents the co-

authorship frequency. The line

between two points in the

Figure represents that two authors/

institutions/countries had establish

collaboration. The thicker the line,

the closer the collaboration between

the two authors/institutions/

countries. PJI, prosthetic joint

infection
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A

B

Fig. 7 Mapping of co-citation related to PJI. (A) Mapping of co-cited references related to the field. (The different colors represent the 1670 cited

references. The size of the points represents the citation frequency. A line between two points means that both were cited in one paper. A shorter

line indicates a closer link between two papers. Points in the same color belong to the same research direction.) (B) Mapping of co-cited journals

related to the field. (The different colors represent the 951 identified journals. The size of the points represents the citation frequency. A line

between two points means that both were cited in one journal. A shorter line indicates a closer link between two journals. Points in the same color

belong to the same research direction.) PJI, prosthetic joint infection
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“diagnosis of PJI (blue),” and “revision surgical management
(yellow).”

The frequency of individual keywords in each cluster
were organized by the year of appearance instead of topic
area. In the “bacterial etiology and antibacterial drugs study”
cluster, the main keywords were biofilms, staphylococcus-

aureus, resistance staphylococcus-aureus, rifampin, therapy,
and bacteremia (Fig. 8C). In the “TJA complications, risk
factors and epidemiology of PJI” cluster, the main keywords
were risk-factors, complications, outcomes, surgery, infec-
tion, and epidemiology (Fig. 8D).In the “diagnostic of PJI”
cluster, the main keywords were C-reactive protein,

A

C

E

B

D

F

Fig. 8 Co-occurrence analysis of global research about PJI. (A) Mapping of keywords in the research on PJI; the size of the points represents the

frequency, and the keywords are divided into four clusters: bacterial pathogenic mechanism and antibacterial drugs study (red), TJA complications,

risk factors and epidemiology of PJI (green), diagnosis of PJI (blue), and revision surgical management (yellow). (B) Distribution of keywords according

to the mean frequency of appearance; keywords in blue appeared earlier than those in yellow and red colored keywords appeared later. (C) The

frequency of individual keywords in bacterial pathogenic mechanism and antibacterial drugs study. (D) The frequency of individual keywords in TJA

complications, risk factors and epidemiology of PJI. (E) The frequency of individual keywords in diagnostic of PJI. (F) The frequency of individual

keywords in revision surgical management. These keyword clusters demonstrated the most popular areas of research on PJI to date in four clusters.

TJA, total joint arthroplasty, PJI, prosthetic joint infection
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sonication, culture, fluid, identification, and PCR (Fig. 8E).
In the “revision surgical management” cluster, the main key-
words were management, antibiotics, debridement, revision,
2-stage revision, retention, reimplantation, components, and
irrigation (Fig. 8F).These keyword clusters demonstrate the
most popular areas of research on PJI to date.

Discussion

Global Trends in PJI Research
This study presented the global status of a research field, as
well as making predictions for future developments in related
areas. In this study, we evaluated PJI research using these
tools and illustrated the current global trends according to
the publications, contributing countries/regions, institutions,
journals, authors, and topic areas. Significant progress has
been made in this field over the last 40 years, with contribut-
ing publications from a total of 71 countries and increasing
publication and citation trends. Based on the predication
data, this field should see a continued increase in publica-
tions over the next 30 years.

Quality and Status of Global Publications in PJI
In present study, the US made the largest sum of contribu-
tions to PJI globally. This was commonly followed by the
UK, Germany and Switzerland in various orders. Other
countries which also made significant contributions to the
field and ranked within the top 10 included France, Spain,
Italy, and China. In general, countries/regions with publica-
tions on PJI which attracted a high number of citations were
from North America, Europe, and some areas of the Asia-
Pacific such as China and Australia.

The top journals demonstrated the strongest link
strength through various analyses were Journal of
Arthroplasty, Clinical Orthopedics and Related Research, Jour-
nal of Bone and Joint Surgery-American Volume, Bone &
Joint Journal, and International Orthopedics, which may rep-
resent the most relevant publication outlets in this field. The
top 20 journals in this field with the greatest contribution
accounted for 41.7% of all studies included in the present
study. These high-quality journals might be the main routes
for publishing new findings on PJI.

Among the top 20 contributing institutions to PJI
research, almost all were from the top 10 countries. Over
50% of these institutions were in the US. These leading
research institutions in PJI research are perceived to improve
their country’s academic reputation in the field. Among the
top contributing authors, Parvizi, Trampuz, and Patel were
consistently highlighted from various types of analyses, who
may represent the major figures in PJI research and whose
work may be seen to lead the latest developments in
the field.

The results of visualized network analyses corroborated
each other. The top contributors as indicated by bibliometric
analyses were mostly replicated through the visualized ana-
lyses. For instance, the USA, The Journal of Arthroplasty,

Parvizi, and Mayo Clinic were indicated by both bibliometric
and visualized analyses as the highest contributing country,
journal, author, and institution respectively to PJI research.

Areas of Research Focus
The co-occurrence analysis conducted using keywords aris-
ing out of the included publications was useful in identifying
common research directions and tracking hotspots in PJI
research, which could be broadly classified into several topic
areas including pathogenetic mechanism, diagnostics, TJA
complications, risk factors, revision surgery, and infection
control. These results along with associated keywords may
be used to determine future research trends in the field. The
most popular research areas are likely to remain connected
to the keywords with the biggest size circles, such as diagno-
sis, management, revision, risk factors, debridement, and
outcomes.

It is crucial to understand the knowledge of the micro-
biology of PJI, including microorganism distribution and
properties, pathogenesis, biofilm formation, antibiotic-resis-
tance, and choice of the antimicrobial agents. Microbiological
spectrum is essential for determining the antibiotic choice,
which could help to avoid the toxicity from combinations of
broad-spectrum empiric antimicrobial agents, such as acute
kidney injury caused by vancomycin combined with a
β-lactam agent.35 There were significant differences in the
microbial etiology, which depended on the different regions,
time to occurrence of PJI, type of arthroplasty.18,36 Staphylo-
coccus aureus complex and coagulase-negative Staphylococcus
species were the most common pathogens causing PJI,18

which was consistent with the conclusions of a cohort study
from France.36 However, a study reported that coagulase-
negative Staphylococci might be more common than the
S. aureus complex in PJI.35 Further studies should update the
knowledge about microbial etiology.

The discovery of biofilm is a great breakthrough in the
field of PJI. Bacterial biofilm is associated with some infec-
tions, namely catheters or prosthetic joints.37 They are recal-
citrant to antibiotic treatment owing to multiple tolerance
mechanisms38 and increasedβ-lactamase and efflux pump
activity.39,40 Therefore, this problem often remains in a dor-
mant state without significant elicitation of the host
response.41 Additionally, biofilm had been found on the sur-
face of cement spacers in revision TJA.42,43 Therefore, how
to eradicate bacteria in the biofilm has become a research
hotpot, including antibiotic combination therapy (rifampin
combined with flucloxacillin),44 bacteriophage therapy,45 and
immunological therapy (monoclonal antibodies).46

The correct preoperative diagnosis of PJI is crucial to
choosing the proper management.47 The determination of
PJI depends on clinical symptoms, laboratory tests, imaging
findings, and histopathological tests of tissues. Musculoskele-
tal Infection Society (MSIS) and the Infectious Disease Soci-
ety of America (IDSA) developed criteria in 2011 and
2013.48,49 Further, the evidence-based PJI modified definition
was developed by International Consensus Meeting (ICM) in
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2018.50 European Bone and Joint Infection Society (EBJIS)
reported a latest definition of PJI in 2020.51 C-reactive
protein (CRP) and Erythrocyte sedimentation rate have vari-
able sensitivities and specificities, as reported in difference
publications.19 Joint synovial fluid analysis has developed
substantially such as leucocyte counts, percentage of poly-
morphonucleocytes (PMN%), and CRP, which show sensitiv-
ities of 0.89, 0.89 and 0.85, respectively.52 Recently novel
biomarkers such as leucocyte-esterase test and α-Defensin
test revealed a sufficient diagnostic accuracy, especially
α-Defensin test with an extremely accuracy.53,54 The gold
standard is still based on bacterial culture, which has to be
conducted for 3–14 days for fastidious organisms.55 Cur-
rently, about three to five distinct intraoperative tissue sam-
ples has to be collected.56 The frequency of culture-negative
PJI might be caused by several factors, such as prior antibi-
otics administration, a biofilm formation on the implants,
and culture conditions.57 Some novel techniques, such as
synovial fluid culture in blood bottles, could improve the
sensitivity.58,59 Other techniques included sonication of
removed prosthetic components60,61 and optimum incuba-
tion conditions. In addition, polymerase-chain-reaction
(PCR) and next-generation sequencing (NGS) could provide
an evidence on causative organisms as well as antimicrobial
susceptibility, which could potentially enable rapid diagnosis
of PJI.62–64

In particular, in the overlay visualization map which
displays the appearance frequency of keywords over time in
the included publications, terms surrounding “diagnosis”
and “revision” accounted for the majority of keywords with
a high frequency of appearance in recent years (>2014). This
observation is consistent with the greatest challenges cur-
rently faced by surgeons in PJI management, and suggests
that strategies to improve diagnostic accuracy and the suc-
cess rate of revision surgery will remain the primary focus
areas in PJI research. Nevertheless, it is interesting to note
that some new research areas have been developed which do
not have a strong representation in the field at the current
moment, but have great potential to develop strong links in
future years and offer novel perspectives to PJI research.
These include aspects relating to disease conditions (chronic
kidney disease, diabetes mellitus), diagnostic techniques
(flight mass spectrometry, multiplex PCR), treatment tech-
nologies (nanoparticles, beads, drug delivery), and policy
development (international consensus, registry, resource
utilization).

According to our results in this study, the number of
studies in PJI has been gradually increasing since 2010. Based
on the S-shape growth pattern, more articles will be publi-
shed over the next 10 years. More investigators could devote
themselves to PJI research in the future. The network visual-
ized analyses could give researchers a comprehensive under-
standing in PJI. Meanwhile, the present study described the
hotspots and global trends in PJI, which may direct future
research in this field. In the future, researchers will more
likely to see an increase in basic science studies (e.g.,

understanding infection mechanisms, developing new diag-
nostic/treatment technologies) or in clinical studies (e.g.,
patient studies looking at prevalence of PJI in different
cohorts and testing treatments).

Strength and Limitations
This study is performed detailed bibliometric and visualized
analysis on PJI research. Through these analyses, we have
provided a comprehensive insight into the current status and
research trends in the field worldwide. Most importantly, we
have identified an S-shape growth pattern for PJI research
which is likely to continue into the years ahead, as well as
leading countries, institutions, authors, and journals making
the most significant contributions to developments in the
field. In addition to analyzing the academic impact, partner-
ship, and links among these entities, we have also presented
the imminent topic areas underpinning PJI research and dis-
cussed our predictions for future advances.

Some limitations have to be considered when inter-
preting the findings. First, only studies published in English
were included for analysis, which may have skewed the
results toward countries, authors, institutions, and journals
which use English as their primary language. Second, we
only retrieved publications from the WoSCC database due to
the complete publication information provided by this
source. Searches were not performed in other commonly
used scientific databases such as Scopus and Embase, which
might have resulted in some retrieval bias. Third, there may
be intrinsic differences between the findings as indicated by
bibliometric analyses and the real-world situation. For exam-
ple, recently published articles might not have had sufficient
time to receive significant attention or citation frequency
proportionate to its quality or impact, and in addition to the
five most cited articles, other highly cited articles with great
quality or impact were not analyzed. Finally, this paper only
briefly retrieved and explained keywords in the related hot-
spots, further research on these hotspots (e.g., common bac-
teria and their effective treatment methods) needed in the
future. Despite these limitations, our study has presented a
detailed and structured overview of the field of PJI research
at this current point in time, which well portrays the status
of research outputs and publication trends in this field on a
global level.

Conclusion
This study shows the current status and trends in Prosthetic
joint infection worldwide. The United States is the leading
country in number of publications and total citation fre-
quency. Journal of Arthroplasty published the highest num-
ber of papers on this topic. It can be predicted that the
number of papers will continue to rise in the next decade. In
particular, studies on diagnosis and revision management of
prosthetic joint infection will likely be the next subject areas
to receive more research attention.
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