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Abstract

Background: Artificial intelligence (AI) has promising applications in arthroplasty. In response to the knowledge explosion
resulting from the rapid growth of publications, we applied bibliometric analysis to explore the research profile and topical
trends in this field.

Methods: The articles and reviews related to AI in arthroplasty were retrieved from 2000 to 2021. The Java-based Citespace,
VOSviewer, R software-based Bibiometrix, and an online platform systematically evaluated publications by countries, insti-
tutions, authors, journals, references, and keywords.

Results: A total of 867 publications were included. Over the past 22 years, the number of AI-related publications in the field
of arthroplasty has grown exponentially. The United States was the most productive and academically influential country. The
Cleveland Clinic was the most prolific institution. Most publications were published in high academic impact journals.
However, collaborative networks revealed a lack and imbalance of inter-regional, inter-institutional, and inter-author
cooperation. Two emerging research areas represented the development trends: major AI subfields such as machine learn-
ing and deep learning, and the other is research related to clinical outcomes.

Conclusion: AI in arthroplasty is evolving rapidly. Collaboration between different regions and institutions should be
strengthened to deepen our understanding further and exert critical implications for decision-making. Predicting clinical
outcomes of arthroplasty using novel AI strategies may be a promising application in this field.
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Introduction
Knee and hip arthroplasty are the leading treatment options
for end-stage joint disease and have proven effective and
reliable. It is projected that by 2030, more than four
million patients will receive primary joint arthroplasty in
the United States each year.1 To further improve the
entire surgical process of joint arthroplasty, artificial intelli-
gence (AI) is expected in disease diagnosis, screening,
preoperative planning, surgical robotics, and predicting
outcomes.2

AI, introduced by John McCarthy, is a branch of
computer science. Its modern definition is that machines,
supported by various algorithms, solve problems that trad-
itionally require human intelligence.3 Although it was once
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considered science fiction, the combination of AI technol-
ogy and healthcare is moving at an incredible pace and
gradually demonstrates a considerable impact.4,5 Despite
lagging behind disciplines such as dermatology6 and oph-
thalmology,7 AI in orthopedics is also in a state of acceler-
ated development. There are numerous subfields in AI. As
one of the essential subfields, machine learning can learn
and draw experience from large-scale data to achieve
certain specific tasks.8 Recently, studies have assessed its
potential for natural language processing,9 clinical
outcome prediction,10,11 imaging recognition,12,13 and tele-
medicine.14,15 Advances in robot-assisted surgery have also
received increasing attention in recent years.16 It allows for
the personalized designation of preoperative planning and
enhances the ability to perceive complex in vivo anatomy
with the help of AI to assist surgeons in clinical
decision-making.2,17,18

As scholarly interest in AI has grown exponentially,
several reviews of AI in arthroplasty have been reported,
but they mainly focus on a particular subfield and lack
quantitative analysis.19–22 Additionally, we usually have
difficulty getting our heads around exponential growth.23

The rapid growth in the number of publications makes it
increasingly tricky to gain insight into developments in par-
ticular fields and to keep track of the latest research hot-
spots. As a solution, bibliometrics is a cross-cutting
discipline applied in many cutting-edge medical areas.24–26

It can systematically and quantitatively process large-scale
literature information, presenting the development history
and scientific status.27

This study aims to provide the comprehensive bibliomet-
ric analysis of the AI in arthroplasty from 2000 to 2021, pro-
viding a scientific performance of countries, institutions,
authors, journals, and references, presenting collaborative
networks and research trends from a global perspective.

Materials and methods

Data source

Science Citation Index Expanded (SCI-Expanded) of Web
of Science Core Collection (WoSCC) was selected as the
data source. SCIE primarily included the most influential
and essential journals in natural science and engineering
technology and was one of the internationally recognized
search tools for scientific statistics or bibliometric research.

Searching strategy

The search strategy was as follows: Topic= (“artificial
intelligence” OR “deep learn*” OR “neural network*”
OR “machine intelligence” OR “robotic*” OR “data
mining” OR “graph mining” OR “Bayes* network” OR
“expert* system*” OR “intelligent learning” OR “feature*
extraction” OR “feature* mining” OR “thinking computer

system” OR “machine learning” OR “feature* selection”
OR “supervised learning” OR “semantic segmentation”
OR “deep network*” OR “neural learning” OR “neural
nets model” OR “artificial neural network*” OR “data clus-
tering” OR “big data” OR “knowledge graph” OR “robot*”
OR “natural language process*” OR “evolutionary compu-
tation” OR “fuzzy expert system*” OR “unsupervised clus-
tering” OR “image* segmentation” OR “feature* learning”
OR “hybrid intelligent system*”) AND topic= (hip OR
knee OR shoulder OR joint OR unicompartmental OR
unicondylar) NEAR/1 (arthroplasty* OR replacement*
OR revision* OR hemiarthroplasty *) AND language
=(English) AND publication year= (2000–2021). Two
authors independently conducted the literature search and
downloaded data in plain text or UTF-8 format. In addition,
we excluded specific types of publications and included
only original articles and reviews. The literature search
and data retrieval were completed on 28 March 2022, to
avoid bias caused by database updates.

Data analysis and visualization

We summarized the bibliometric indicators of publications,
including authors, affiliations, countries, number of articles,
journals, keywords, references, and collaborations. The
citations, H-index and G-index were used to assess the aca-
demic impact of authors or journals. In addition, the cita-
tions can be categorized into total citations and local
citations. The former includes all citations, while the latter
contains only citations received from our downloaded pub-
lication collections. Journal categories (Q1, Q2, Q3, and
Q4) and impact factors (IF) were extracted from Journal
Citation Reports (JCR) 2020.

We conducted a comprehensive analysis using four
bibliometric analysis tools, including the Java-based
Citespace (version 5.8.R3), the Java program VOS viewer
(version 1.6.18), the R software-based Bibiometrix
(version 3.0), and an integrated online analytics platform
(https://bibliometric.com/). Co-citation analysis, co-occurrence
analysis, co-authorship analysis, citation burst detection,
collaborative networks, and a dual-map overlap of journals
were used to assess the knowledge networks of AI in
arthroplasty.

Results

General information and publication trends

Table 1 depicts the basic information of our bibliometric
analysis. In the past 22 years, 867 publications on AI in
arthroplasty have been published in 251 journals. These
publications were written by 3227 authors and consisted
of 759 original papers and 108 reviews, citing 20,883 refer-
ences. The average citations per doc per year was 2.5, with a
peak of 6.1 for publications published in 2019. It indicated
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that new publications might have a high impact. As shown
in Figure 1A, the exponential growth in the number of pub-
lications in recent years boded well for the potential devel-
opment of the field. The last three years alone accounted for
60.3% (523/867) of the publications.

Publication performances: countries

We assessed the countries’ performance in the publications
based on the nationality of the corresponding authors.
Forty-two countries published literature on the subject. As
shown in Table 2, the United States was the most productive
country (n= 335, 38.7%), followed by the United Kingdom
(n= 100, 11.5%) and China (n= 73, 8.4%). The top ten most
productive countries included two from North America, four
from Europe, three from Asia, and one from Oceania. These
countries have shown explosive growth in the number of
publications, with China emerging as a performer in the
last three years (Figure 1B). The United States had the
highest number of citations (n= 5857 average article citation
(AAC)= 17.48), followed by United Kingdom (n= 2,230,
AAC= 22.30) and Germany (n= 1,052, AAC= 15.47).
Greece had the highest AAC with 86.00.

We constructed a global collaboration network for AI in
arthroplasty. Figure 2A demonstrated that although collab-
oration existed among many countries, the number of col-
laborative publications was still relatively low. We
mapped the collaboration onto a global map and found
that the collaboration was primarily focused on United
States-Europe and United States-East Asia (Figure 2B).

Publication performances: institutions

Hospital for Special Surgery was the most productive insti-
tution, with 48 publications, almost twice as many as the
second place. The second through fifth places were the
Cleveland Clinic (n=25), Harvard Medical School (n= 23),
Lenox Hill Hospital (n= 22), and Imperial College London
(n= 21). Six of the top 10 institutions were from the
United States and four from the United Kingdom, demon-
strating the significant influence of both countries in this
field (Figure 3A).

We conducted a co-authorship analysis of institutions
with at least five publications (Figure 3B). The Cleveland
Clinic had the highest total link strength (TLS) of 44, fol-
lowed by the Hospital for Special Surgery (33) and
University College London Hospital (25). The University
of Modena and Reggio Emilia was the latest institution to
emerge. The collaborative network further revealed the
Hospital for Special Surgery and the Cleveland Clinic as
the cores in the cluster, respectively (Figure 3C).
However, we identified only six small clusters, indicating
that inter-institutional cooperation is not close.

Publication performances: authors

The top ten most-cited authors were shown in Appendix A.
Mont MA was the most productive (n= 37) and the most
academically influential author (H-index= 18, total cita-
tions= 781). Haddad FS was ranked second in productivity
(n= 23) and academic impact (H-index= 13, total citations
= 635). As depicted in Figure 4A, collaborative network

Table 1. Main information about bibliometric analysis.

Description Results

DATA

Timespan 2000:2021

Journals 251

Documents 867

Average years from publication 5.06

Average citations per document 14.65

Average citations per year per doc 2.542

References 20,883

DOCUMENT TYPES

Original article 759

Review 108

DOCUMENT CONTENTS

Keywords plus 1566

Author’s keywords 1826

AUTHORS

Authors 3227

Author appearances 4828

Authors of single-authored documents 19

Authors of multi-authored documents 3208

AUTHORS COLLABORATION

Single-authored documents 21

Documents per author 0.269

Authors per document 3.72

Co-authors per documents 5.57

Collaboration index 3.79
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analysis revealed eight author clusters, with Mont MA and
Haddad FS at the center of their respective clusters. Krebs
VE was at the center of another cluster containing seven
authors. Five of the top ten authors were from the United
States. We also analyzed the top authors’ production over
time (Figure 4B). Eight of the 20 authors have been
deeply involved in the field for more than ten years.
Notably, most authors experienced an academic explosion
after 2017. 2019 was probably the most critical year, with
phenomenal publications and citations.

Highly contributive journals

The most productive journal published on AI in arthroplasty
is the Journal of Arthroplasty (JOA). It published 99

relevant publications and received a remarkable 2230 cita-
tions. Knee Surgery Sports Traumatology Arthroscopy
(KSSTA, n= 48, citations= 777) and Journal of Knee
Surgery (n= 41, citations= 527) came in second and third
place. Five of the top ten most productive journals belonged
to JCR Q1, and four belonged to JCR Q2 (Table 3). It indi-
cated that most journals publishing on this topic had a high
academic impact. When the minimum number of citations
was set at 50, three major clusters were identified in the
co-citation network (Figure 5A). JOA had the highest
TLS at 106,001, occupying the central position of cluster
one. The centers of the other two clusters were Clinical of
Orthopaedics and Related Research (CORR, 87,583) and
Journal of Biomechanics (12,907), respectively. A
dual-map overlap of the research journals can reveal the

Figure 1. Annual publication trends in the world (A) and in the top ten most productive countries (B).
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relationship between citing and cited journals (Figure 5B).
The citing papers were primarily focused on two areas:
(1) Medicine, Medical, Clinical; (2) Neurology, Sports,
Ophthalmology. While the cited papers were mainly con-
centrated on: (1) Sports, Rehabilitation, Sport; (2) Health,
Nursing, Medicine.

Highly contributive papers

Appendix B lists the top ten most cited articles. These
highly cited studies were published between 2002 and
2016, with six published after 2010. The most cited

paper, written by Cobb J and published in 2006, is a
study of a prospective, randomized controlled trial of
the Acrobot system for unicondylar knee replacement.28

We constructed a co-citation network of references
(Figure 6A). It consisted of four clusters with the highest
TLS publications authored by Cobb J et al.28 (1040),
Song EK et al.29 (1113), Liow MHL et al.30 (830), and
Jacofsky DJ et al.16 (806). Figure 6B shows the top 20 refer-
ences with the strongest citation bursts. The journal with the
most considerable contribution was CORRwith six publica-
tions, followed by JOA with five publications. The citation
burst occurred mainly after 2011 and experienced a quick

Table 2. Top 20 productive countries and citations per country.

Sort by NP Country Articles (%) SCP MCP (%)
Sort by total
citations Country

Total
citations

Average
article citations

1st USA 335(38.7) 290 45(13.4) 1st USA 5857 17.48

2nd UNITED KINGDOM 100(11.5) 84 16(16.0) 2nd UNITED KINGDOM 2230 22.30

3rd CHINA 73(8.4) 59 14(19.2) 3rd GERMANY 1052 15.47

4th GERMANY 68(7.9) 49 19(27.9) 4th KOREA 617 17.63

5th KOREA 35(4.0)) 32 3(8.6) 5th FRANCE 383 14.73

6th JAPAN 30(3.5) 28 2(6.7) 6th JAPAN 349 11.63

7th FRANCE 26(3.0) 11 15(57.7) 7th CHINA 295 4.04

8th ITALY 24(2.8) 18 6(25.0) 8th BELGIUM 255 15.00

9th AUSTRALIA 23(2.7) 20 3(13.0) 9th SINGAPORE 212 30.29

10th CANADA 22(2.5) 17 5(22.7) 10th AUSTRALIA 201 8.74

11th INDIA 18(2.1) 15 3(16.7) 11th CANADA 190 8.64

12th BELGIUM 17(2.0) 14 3(17.7) 12th GREECE 172 86.00

13th SWITZERLAND 15(1.7) 10 5(33.3) 13th ITALY 154 6.42

14th AUSTRIA 11(1.3) 4 7(64.6) 14th INDIA 92 5.11

15th SINGAPORE 7(0.8) 5 2(28.6) 15th SWITZERLAND 76 5.07

16th NETHERLANDS 6(0.7) 4 2(33.3) 16th AUSTRIA 68 6.18

17th DENMARK 4(0.5) 2 2(50.0) 17th DENMARK 57 14.25

18th IRAN 4(0.5) 1 3(75.0) 18th FINLAND 54 18.00

19tn TURKEY 4(0.5) 3 1(25.0) 19tn SLOVENIA 45 15.00

20th CHILE 3(0.3) 2 1(33.3) 20th NETHERLAND 44 7.33

NP: number of publications; MCP: multiple countries publications (inter-country collaboration); SCP: single country publications (intra-country collaboration).
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turnover. In 2021, only two publications, published in 2015
and 2016, remain high impact.

Keyword co-occurrence

Keyword co-occurrence analysis allows us to identify clusters
and trends in research topics, thus providing a better overview
of the field. As depicted in Figure 7A, the keywords were
classified into five clusters. The red clusters focused on
total hip arthroplasty, outcome, and machine learning-related
keywords. The blue and green clusters corresponded to the
terms related to total knee arthroplasty and unicompartmental
knee arthroplasty, respectively. Robotics-related research was
primarily centered on purple clusters. The temporal evolution
of the keywords is presented in Figure 7B. The more yellow
color indicates that the keyword is more emerging. Emerging
topics focused on two main areas: AI subfields such as
machine learning and deep learning, and the other was clin-
ical outcome-related research such as outcomes, satisfaction,
and survival.

The keyword burst detection further confirmed the key-
words’ popularity trend (Figure 7C). Many emerging key-
words appeared after 2018 and concentrated on new AI
tools such as machine learning and clinical outcome
studies such as clinical outcomes and survival.

Discussion
Unlike systematic reviews, bibliometrics is another effect-
ive tool for assessing the current state of research in a
given knowledge area.31,32 In our study, the global research

Figure 2. The country distribution (A) and international
collaboration (B) of publications in the field of AI in arthroplasty.
The thicker the line, the higher the frequency of cooperation.

Figure 3. Publication performance of the institution: the top ten most productive institutions (A); coauthorship analysis of institutions (B);
and inter-institutional collaboration network (C).
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profile and macro patterns of publications within the field of
AI in arthroplasty were systematically presented by eluci-
dating the publication output, countries, institutions, scho-
lars, journals, and keywords. The report can serve as a
reference and guide for more in-depth research in the future.

Our results revealed the publication output on this topic
had experienced a substantial increase over the past 22
years. Although the use of AI in arthroplasty is not a

piece of fresh news, we have been facing a dramatic explo-
sion of literature in the last three years (60.3% of the pub-
lications were published in this period). It is foreseeable
that there will be a further rapid accumulation of publica-
tions in this field, and scholars should be prepared for this.

The United States was the most productive country with
335 publications, more than three times as many as the
United Kingdom. More than half of the top ten most

Figure 4. Publication performance of the authors: the inter-author collaboration network (A); and top authors’ production over time (B).
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productive institutions and authors were from the United
States, four each from the United Kingdom. Notably, pub-
lication output in China was snowballing, and it was the
only developing country among the top ten most productive
countries. It is easy to understand, as the development of
high technology is closely related to economic power.

The international collaboration network indicated a lack
and imbalance of inter-regional cooperation. Besides, we con-
structed six and eight sub-networks in the collaborative
network of institutions and authors, respectively. Cleveland
Clinic andMont MA are the centers of the two largest subnet-
works, but their networks only contain six and seven nodes. It
further demonstrated that most institutions and authors were
fragmented. In arthroplasty, sufficient specific data is a pre-
requisite to taking full advantage of the power of AI.
However, clinical research in AI is currently based primarily
on a single institution; future broad collaborations to develop
and validate new algorithms are urgently needed.19,33,34 In
addition, the labeling and calibration of data require a lot of
human resources. Another option is to realize automatic iden-
tification through unsupervised learning.35

Most of the documents were published in journals with
significant academic impact. These well-regarded journals
attract high-quality papers on new technologies, and their
publication can consequently increase the academic
impact of these journals. Similar to some previous biblio-
metric studies in arthroplasty,16,36–38 the performance of
JOA was impressive, riding high on metrics such as publi-
cation output, total citations, and H-index.

We explored the evolution of research concepts and hot-
spots in the field through keyword co-occurrence analysis
and burst detection. In the cluster analysis, keywords
were primarily clustered by type of surgery and related
terms. It is understandable, and it provides several essential
concepts in the current study, such as alignment, accuracy,
motion, and classification. More significantly, the keyword
evolution identified two emerging areas: major AI subfields
such as machine learning and deep learning, and another for
clinical outcomes-related research such as outcomes, satis-
faction, and survival. The two emerging areas were also
supported by keyword burst detection.

Briefly, machine learning is a subset of AI, and deep
learning is a subset of machine learning. The number of
machine learning studies published in orthopedics has
increased tenfold in the last ten years.39 Additionally, arthro-
plasty is a suitable scenario for the application of machine
learning because it has good data sources available for
machine learning modeling: registry systems at institutions
or national registries. Besides, the application of new tech-
nologies such as robotic surgery allows imaging data to be
made accessible in digital form. The latest literature reported
good capabilities of machine learning in predicting post-
operative complications, pain, and patient-reported outcomes
after arthroplasty.40 However, we must also be aware of the
new concerns it brings with its rapid development: the high
heterogeneity of current research and the standard method
for implementing machine learning algorithms have not yet
been defined or established.19 Is machine learning hype or

Table 3. The top ten most productive journals.

Sort by number
of articles Relevant sources Articles TC H-Index JCR IF (2020)

1st Journal of Arthroplasty 99 2230 29 Q1 4.757

2nd Knee Surgery Sports Traumatology Arthroscopy 48 777 14 Q1 4.342

3rd Journal of Knee Surgery 41 527 12 Q2 2.757

4th International Journal of Medical Robotics and Computer Assisted Surgery 36 616 13 Q2 2.547

5th Bone & Joint Journal 35 677 15 Q1 5.082

6th Archives of Orthopaedic and Trauma Surgery 28 95 6 Q2 3.067

7th Knee 26 621 13 Q3 2.199

8th Clinical of Orthopaedics and Related Research 20 975 14 Q1 4.176

9th Journal of Orthopaedic Research 16 332 9 Q1 3.494

10th International Orthopaedics 13 212 6 Q2 3.075

TC: total citations; JCR: Journal Citation Reports; IF: impact factor.
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practical? A growing body of research will address this con-
fusion in the future.

The present study revealed that clinical outcome predic-
tion was the most important and cutting-edge application of
AI in arthroplasty, and it was foreseeable that a greater
number of investigations would focus on this area in the
future. Previous studies using large-scale data from the
American Joint Replacement Registry have constructed
TJA risk prediction models by traditional algorithms, but
they have been shown to be less accurate by external valid-
ation research.41 Recent evidence suggested that clinical
outcome prediction based on novel AI strategies such as
machine learning could give us a better opportunity to risk-
stratify patients and thus improve their prognosis. Harris

et al.42 developed a model to predict mortality and major
complications following TJA via Lasso regression and
demonstrated good accuracy in an external cohort of
70,000 cases. Meanwhile, a clinical prediction model
using machine learning algorithms can also assess patient-
reported outcome measures (PROMs) up to two years post-
operatively.43 Kunze et al.44 developed machine learning
algorithms for predicting dissatisfaction after TKA, which
showed good discriminatory ability. Furthermore, the AI
algorithm could provide informative guidance even in the
early postoperative outcome assessment. Data collected
by Bini et al.15 from patient-worn devices could accurately
predict PROMs six weeks after TJA. Additionally, Hyer
et al.45 identified several significant variables associated

Figure 5. Publication performance of the journals: co-citation network (A); and a dual-map overlap of the research journals (B).
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with the utilization of medical resources after TJA, such as
congestive heart failure and chronic kidney disease, in a
one-million-patient dataset through the Logistic Forest
algorithm. As one of the most catastrophic complications

following TJA, the surgical outcome of periprosthetic
joint infection is usually considered to be rather unpredict-
able. However, the recent model based on a random forest
algorithm has shown promising predictive ability.46 Even in

Figure 6. Highly contributive papers: a co-citation network of references (A); and the top 20 references with the strongest citation bursts (B).
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robot-assisted arthroplasty, further exploration to determine
whether it objectively improves clinical outcomes is
urgent.16,47 Although almost all explorations are preliminary,
several online calculators for assessing specific risks after
TJA have become available,22 meaning that we have a con-
siderable opportunity to improve current clinical practice
and improve the accuracy of the models in larger datasets.

AI can be used in several other directions in the field of
arthroplasty. For example, it is well suited for the diagnosis
and progression assessment of osteoarticular disease, either

based on X-ray images48 or MRI.49 Pedoia et al.50 con-
structed a multimodal model for predicting the progression
of osteoarthritis using clinical, biomechanical and MRI
data, with a sensitivity and specificity of 91.1% and 86.8%,
respectively. Such tools could be useful in the future for
early diagnosis of joint disease and screening potential candi-
dates for arthroplasty. Automatic implant identification
systems are urgently needed in clinical practice to avoid
unnecessary component removal or delays in care. Recent
studies have developed image identification programs based

Figure 7. Cluster analysis (A), temporal evolution (B), and burst detection (C) of the keywords.
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on AI algorithms to identify the type of hip and knee
implants.51,52 Moving forward, these tools are also expected
to provide technical implant information, like taper size and
placement angle, to aid surgeons in preoperative planning
and supplement relevant data in large arthroplasty registry
databases. Lastly, mobile devices are developing to aid in
the post-operative rehabilitation of arthroplasty.22 These
devices allow remote monitoring of patient’s physical activity
and provide personalized medical support, thus further
improving the prognosis of patients.

It should be noted that our study still has some limitations.
First, although the WoSCC is the most commonly used data
source for bibliometric analysis, ignoring publications from
other databases may lead to selection bias. Second, it takes
a specific time frame for an article to reach high academic
impact from publication. Thus, the metrics such as the total
citations might be underestimated. Besides, the bibliometric
analysis was usually performed on an annual basis, and some
recent publications were not included in the assessment.
Given the rapid development of the field, additional findings
are potentially available in future updated studies. Finally,
due to the limitation of the number of publications, we did
not conduct an independent assessment of machine learning.
It may be interesting to further explore the research profile
and hot trends in this subfield in the future.

Conclusion
We provided an insight into the global knowledge land-
scape and trends in AI in arthroplasty through four biblio-
metric tools. It has undergone significant advances over
the past 22 years and can be expected to continue to
evolve rapidly. The United States is a leader in this field.
Although AI technology has received extensive attention
from the academic community, enhanced international col-
laboration may yield further insights. Predicting clinical
outcomes of arthroplasty using novel AI techniques was a
significant topic and could be the development direction
for some time to come. This report can serve as a reference
and guide for more in-depth research in the future.
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