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Yumin Zhang*
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Background: The role of subchondral bone in the pathogenesis of osteoarthritis
has received continuous attention worldwide. To date, no comprehensive
bibliometric analysis of this topic has been carried out. The purpose of this
study was to investigate the knowledge landscape, hot spots, and research
trends in subchondral bone research through bibliometrics.

Methods: Web of Science Core Collection database was used to collect articles
and reviews on subchondral bone in osteoarthritis published between 2003 and
2022. CiteSpace, VOSviewer, Scimago Graphica, and a bibliometric online
analysis platform (http://bibliometric.com/) were used to visualize the
knowledge network of countries, institutions, authors, references, and
keywords in this field. Both curve fitting and statistical plotting were
performed using OriginPro, while correlation analysis was done using SPSS.

Results: A total of 3,545 articles and reviews were included. The number of
publications on subchondral bone showed an exponential growth trend. The US
produced the most (980), followed by China (862) and the United Kingdom
(364). Scientific output and gross domestic product were significantly
correlated (r = 948, p < .001). The University of California System and
Professor Pelletier Jean-Pierre were the most prolific institutions and
influential authors, respectively. The most active and influential journal for
subchondral bone research was Osteoarthritis and Cartilage. The majority of
papers were financed by NSFC (474, 13.4%), followed by HHS (445, 12.6%), and
NIH (438, 12.4%). In recent years, hot keywords have focused on the research of
pathomechanisms (e.g., inflammation, apoptosis, pathogenesis, cartilage
degeneration/repair, angiogenesis, TGF beta) and therapeutics (e.g.,
regeneration, stromal cell, mesenchymal stem cell).

Conclusion: Subchondral bone research in osteoarthritis is flourishing. Current
topics and next research trends would be centered on the pathomechanisms of
cellular and molecular interactions in the subchondral bone microenvironment
in the development of osteoarthritis and the exploration of targeted treatment
medicines for the altered subchondral bone microenvironment.
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1 Introduction

Osteoarthritis (OA) is a common degenerative disease that
affects more than 250 million people and is a major cause of
disability, severely reducing the quality of life of patients and
causing a significant socioeconomic burden (Hunter and
2019).
subchondral

Bierma-Zeinstra, Articular  cartilage damage,

abnormal bone remodeling, synovial
inflammation, and ligament and meniscus degeneration are
some of its pathological characteristics, which consequently
lead to pain, joint dysfunction, and loss of tissue integrity
(Dieppe and Lohmander, 2005; Hiigle and Geurts, 2017).
Current strategies for the management of OA are broadly
divided into non-pharmacological, pharmacological, and
surgical treatments (Kroon et al, 2018; Bannuru et al,
2019; Kloppenburg and Berenbaum, 2020). However, there
are few satisfactory options for improving intra-articular
The

subchondral bone, a layer of bone plate and trabecular

homeostasis and decelerating OA progression.
bone beneath the articular cartilage, is a microscopic
structural unit composed of a variety of cells, including
bone cells, bone matrix, endothelial cells, immune cells,
cytokines, and sensory neurons, which could provide
mechanical and nutritional support to the cartilage. Some
evidence suggested that alterations in the cellular and
of the
microenvironment can cause abnormalities of subchondral

extracellular components subchondral bone
bone remodeling, angiogenesis, and sensory innervation,
thereby
destruction and pain (Hu W. et al, 2021; Hu Y. et al,
2021). In addition, subchondral bone can be involved in
the pathophysiology of OA by

degeneration through mechanical stress

leading directly or indirectly to cartilage

affecting cartilage

alterations or
paracrine-mediated bone-chondral crosstalk (Zhen et al,
2013; Lin et al., 2019; Ni et al., 2020). Overall, the role of
subchondral bone in the pathogenesis of OA has attracted
extensive attention from researchers, and some promising
therapeutic agents have been developed and tested in vitro
and in vivo.

It is getting harder for researchers, particularly for fresh
investigators, to completely comprehend, assess, and identify
the most pertinent and significant information in the area as
a result of the subchondral bone research literature’s rapid
growth. Therefore, it is essential to give a macroscopic
description of research trends, hot spots, and high-impact
this field. An
increasingly prevalent way to get the aforementioned

articles, institutions, and authors in
parameters is through bibliometric analysis. It has been
heavily utilized in orthopedics (Zhang Y. et al, 2021;
Yang et al., 2021) and other medical specialties (Wen
2022a; 2022) the
development of medical research and clinical practice. Hu

et al. revealed 10 hot microRNAs of chondrocytes in OA and

et al, Song et al, to promote
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their potential targets based on bibliometrics (Hu et al,
2022). Yang et al (2022) performed a bibliometric analysis
of the knowledge structure and trends in OA-related
macrophage research. Zhang et al (2022) visualized the
historical evolution and future trends of hyaluronic acid
for OA. However, to our knowledge, no bibliometric
studies on subchondral bone in OA have been reported.
Therefore, this study conducted a comprehensive analysis
of scientific publications on subchondral bone research over
the past 20 years in order to determine the current research
status and knowledge landscape and to help researchers
understand historical hot spots and research trends in
subchondral bone research.

2 Methodology
2.1 Data collection

Web  of (WoS) than
12,000 international academic journals and is widely used
for bibliometric study (Wu et al., 2021; Wen et al., 2022b). To
avoid bias caused by database updates, all of the papers for our

Science contains more

study was retrieved and downloaded on 18 October 2022,
from the Science Citation Index Expanded of WoS Core
Collection database. The specific search strategy was as
TS = (osteoarthritis OA) and TS =
(“subchondral bone”), with the time span set to 2003-2022.
A total of 3,876 publications were retrieved, of which

follows: or

241 invalid records were excluded. Finally, 3,545 valid
publications were obtained in the final dataset for further
analysis (Figure 1). The extracted data included authors, titles,
publication years, citation times, countries, institutions,
journals, highly cited articles, references, and keywords.
Journal information including impact factor (IF) and
quartile in categories (Q1l, Q2, Q3, and Q4) was collected
from the 2021 Journal Citation Report. The Hirsch index (HI)
was obtained by WoS. Gross domestic product (GDP) data for
each country were obtained from the official website of the
World Bank (https://data.worldbank.org.cn/).

2.2 Data analysis

Visualization software, including VOSviewer (v.1.6.18),
CiteSpace (5.8.R3), and Scimago Graphica, was used in this
study. Scimago Graphica was used to map the global
of The
bibliometric analysis platform (https://bibliometric.com)

distribution national  publications. online

was used to visualize the collaboration network of

countries. VOSviewer was used to visualize the co-
authorship analyses of institutions and authors, as well as

the co-occurrence analysis of keywords. Finally, CiteSpace was
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3786 publications identified from Web of Science Core Collection (SCI-expanded)

* Search strategy:
* TS=(osteoarthritis or OA) AND TS=("subchondral

bone") E—
+ Time span was set to 2003-2022 * Excluded 241 publications: meeting abstract,
» Search time: October 18, 2022 ' correction, proceeding paper, letter, editorial

v

material, news item, early access, book
chapter, note, retracted publication

3545 publications were included in final analysis
(3006 articles and 539 reviews )

v

Bibliometric and visualization analysis
(VOSviewer, CiteSpace and Scimago Graphica software)

v v v v

Publications Citations Countries Instutions

FIGURE 1
Flowchart of the literature search, screening, and analysis.

used for reference co-citation analysis, keyword burst
detection, and drawing timeline views of reference clusters.
Statistical analysis was performed using IBM SPSS 22.0 (IBM
Corp., Armonk, NY, United States). Microsoft Excel 2016
(Microsoft Corp., Redmond, WA, United States) was used to
collate the data. Statistical plots and curve fitting were
conducted using OriginPro 9.1 (OriginLab Corp,,
Northampton, MA, United States). The strength of the
correlation between continuous variables was assessed by
Spearman’s correlation coefficient. p < .05 was defined as
statistically significant.

3 Results
3.1 Trends in publications and citations

A total of 3,545 publications were finally included in the
analysis, including 3,006 (84.8%) original articles and 539
(15.2%) reviews. Almost all were English publications (3,485,
98.3%), followed by German (26, .7%) and French (8, .2%). The
detailed distribution of annual publications for subchondral bone
research was shown in Figure 2A. An exponential growth trend
in the number of annual publications and citations related to
subchondral bone can be observed. In terms of citation counts,
the cumulative total number of citations (TC) for all publications
was 111,015 (87,040 after removing self-citations), the average
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Journals Authors References Keywords

number of citations (AC) per publication was 31.32, and the HI
was 130.

3.2 Global research status and knowledge
landscape

3.2.1 Analysis of countries

The majority of the works were published by researchers
from Europe, North America, and East Asia, as can be seen
from the global map of national contributions (Figure 2B).
Specifically, as shown in Table 1, the US had the most
publications in this field with 980 papers, followed by
China (862) and the UK (364), while the other countries
published less than 300 papers. The USA also ranked first in
terms of TC and HI, followed by the UK. In addition, the
correlation analysis showed a high positive correlation
between the total number of publications (TP) and GDP
(r=.948,p <.001). As shown in Figure 2C, the US dominated
the number of papers in this field until 2018, while China had
tremendous development beginning in 2012 and eventually
overtook the US after 2018. The international cooperation
among the different countries was illustrated in Figure 2D.
The thickness of the lines between the two countries
indicates the strength of cooperation. It can be seen that
the US exhibited the strongest collaboration with China,
Germany, and the United Kingdom.
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FIGURE 2

(A) Trends in annual citations and publications from 2003 to 2022. (B) World map of the number of publications from each country. The size of
the circles represents the number of publications, and the thickness of the lines represents the intensity of cooperation between two countries. (C)
Trends in annual publication count in the top 10 productive countries. (D) Network diagram of cooperation among countries.

3.2.2 Analysis of institutions

It was estimated that more than 2,900 institutions
contributed to this field. Figure 3A and Table 1 showed the
top 10 most productive institutions. Three of these are from
the United States, three are from France, and the others are
from Australia, China, the United Kingdom, and Canada.
Specifically, the University of California System ranked first
with 125 articles, while Université de Montréal had the highest
TC (8,760), AC (81.87), and HI (46). 68 institutions published
no less than 20 articles. Figure 3B illustrated the close and
complex cooperation among different institutions. It is clear
that the University of California System and Boston
University were the centers of the most collaborations,
indicating the strong influence of these institutions.

3.2.3 Analysis of authors

In terms of the top 10 prolific authors (Table 2; Figure 3C),
Pelletier Jean-Pierre from the Université de Montréal ranked
first with 72 publications, followed by Martel-pelletier
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Johanne (70) and Guermazi Ali (53). In addition, Pelletier
Jean-Pierre was also the author with the highest TC, AC, and
HI. A visualization of the author’s co-authorship analysis was
generated by VOSviewer software (Figure 3D). It can be seen
that Pelletier Jean-Pierre had the most collaborations centered
on him, indicating his strong influence in subchondral bone
research. Pelletier Jean-Pierre and Martel-pelletier Johanne
have the highest co-authorship intensity (total link strength =
136) with 14 articles, followed by Cicuttini Flavia M. (total
link strength = 75) with 11 articles.

3.2.4 Analysis of journals and grants

In total, 1,071 (30.2%) articles were published in the top
10 most prolific journals. As shown in Table 3, Osteoarthritis and
Cartilage (431, 12.2%) had the highest output, followed by
Journal of Orthopaedic Research (116, 4.39%) and Annals of
the Rheumatic Diseases (123, 3.3%). Half of the top 10 academic
journals belong to Q1. Annals of the Rheumatic Diseases has the
highest IF, followed by Arthritis and Rheumatology. In terms of
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TABLE 1 Top 10 countries and institutions with the most publications.

10.3389/fphys.2022.1095868

Rank Country/Institution TP TC AC HI
Country
1 United States 980 41,150 41.99 98
2 China 862 15,893 18.44 54
3 United Kingdom 364 16,203 44.51 67
4 Germany 297 9,819 33.06 56
5 Canada 254 12,494 49.19 56
6 Australia 240 9,162 38.18 51
7 Japan 212 4,955 23.37 39
8 France 183 9,588 52.39 53
9 Netherlands 156 8,983 57.58 43
10 Switzerland 138 6,007 43.53 36
Institution
1 University of California System 125 5,210 41.68 41
2 Université de Montréal 107 8,760 81.87 46
3 Harvard University 99 2,929 29.59 31
4 Udice French Research Universities 83 4,946 59.59 30
5 University of London 81 3,972 49.04 28
6 Boston University 79 3,805 48.16 35
7 APHP 78 5,078 65.10 33
8 Shanghai Jiao Tong University 76 2,064 27.16 21
9 University of Sydney 71 2,433 34.27 26
10 Inserm 60 3,111 51.85 26

TP, total number of publications; TC, total number of citations; AC, average number of citations; HI, hirsch index; APHP, assistance publique hopitaux Paris; Inserm, Institut national de la

santé et de la recherche médicale.

publishers, most of these active journals were from Europe and
North America. In terms of grants, NSFC funded the most
articles (474, 13.4%), followed by HHS (445, 12.6%), NIH
(438, 12.4%), NIAMS (282, 8.0%), and European Commission
(162, 4.6%), while other grants funded less than 100 articles, as
shown in Table 4.

3.3 Analysis of highly cited literature

Table 5 listed the top 10 most cited papers in subchondral
bone research with citations ranging from 391 to 1,570. Of these,
four were original articles with TC of 2,132, and six were reviews
with TC of 4,969, which indicated that review articles tend to
have higher citations. Specifically, the top three most cited papers
were all reviews. With 1,570 citations, the review produced by
Kapoor et al. (2011) attracted the greatest attention, followed by
the work from (Berenbaum et al., 2013) with 951 citations. The
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most cited original article ranked fourth with 609 citations. The
knowledge graph of highly co-cited references was shown in
Figure 4A. Figure 4B specifically presented the top 25 references
with the strongest citation bursts. The citation burst analysis
could identify references with a significant increase in citations
during a short period of time and could also reflect the focus of
research in a given period (Kleinberg, 2003). Figure 4B showed
that the reference with the strongest citation burst value was
written by Zhen et al. (2013), followed by Hunter and Bierma-
Zeinstra (2019).

3.4 Overview of research hotspots and
frontiers
3.4.1 Cluster analysis of co-cited references

The references in the co-cited network (Figure 4A) were
classified into 11 different clusters by cluster analysis, as

frontiersin.org
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FIGURE 3
(A) The publication counts, citations, and H-index of the top 10 prolific institutions. (B) Cooperation network among institutions. (C) The
publication counts, citations, and H-index of the top 10 most productive authors. (D) Visualization diagram of co-authorship analysis for authors. The
size of the circles represents the number of publications, and the thickness of the connecting lines represents the strength of collaboration between
two institutions/authors.

shown in the timeline view (Figure 4C). The references in the
same cluster were arranged in one timeline by publication
time. These clusters were labeled by extricating terms from the
titles of cited papers using the log-likelihood ratio algorithm
(Wen et al., 2022b; You et al.,, 2022). As can be seen in
Figure 4C, “subchondral bone” was the largest cluster (#0),
followed by “bone marrow lesions” (#1) and “angiogenesis”
(#2). In addition, the evolutionary characteristics of each
cluster can be seen at a glance in this timeline view. We
can see that clusters of subchondral bone (#0), angiogenesis
(#2), inflammation (#4), and exosomes (#6) have been hot
topics in recent years.
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3.4.2 Analysis of keywords

Figure 5A showed a visualization of keywords that co-
in the subchondral bone
research. In total, 493 keywords were grouped into five

occurred more than 10 times

clusters. Based on the keywords in the groups, they can be
summarized as follows: #1 subchondral bone, #2 pathogenesis,
#3 therapeutics, #4 pain, and #5 degeneration. The top
25 keywords with the strongest citation burst were listed in
Figure 5B, where the burst period lasted until the present day
were  pathogenesis, inflammation, apoptosis, cartilage
degeneration/repair, angiogenesis, TGF beta, regeneration,

stromal cell, mesenchymal stem cell.
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TABLE 2 Top 10 most prolific authors on subchondral bone research in osteoarthritis.

Author Affiliation of the author
1 Pelletier Jean-Pierre Université de Montréal, Canada 72 7,147 99.26 39
2 Martel-Pelletier Johanne Université de Montréal, Canada 70 5,709 81.56 39
3 Guermazi Ali Boston University, United States 53 2,875 54.25 28
4 Cicuttini Flavia M Monash University, Australia 46 2,829 61.50 27
5 Hunter David | University of Sydney, Australia 43 2,085 48.49 23
6 Madry Henning Saarland University, Germany 41 1,769 43.15 21
7 Saarakkala Simo University of Oulu, Finland 35 697 19.91 16
8 Jones Graeme University of Tasmania, Australia 34 2,110 62.06 20
9 Eckstein Felix Paracelsus Medical University, Austria 32 1,263 39.47 20
10 Roemer Frank W Boston University, United States 32 1,451 45.34 18

TP, total number of publications; TC, total number of citations; AC, average number of citations; HI, hirsch index.

TABLE 3 The top 10 journals contributing to publications.

Rank Journal TP TC AC HI IF JQ
1 Osteoarthritis and Cartilage 431 21,602 50.12 75 7.507 Q1
2 Journal of Orthopaedic Research 116 2,468 21.28 27 3.102 Q2
3 Arthritis Research and Therapy 96 4,887 50.91 41 5.606 Q1
4 Bone 79 3,072 38.89 31 4.626 Q2
5 Bmc Musculoskeletal Disorders 70 1,209 17.27 19 2.562 Q4
6 Arthritis and Rheumatology* 61 5,537 90.77 45 15.483 Q1
7 Scientific Reports 61 968 15.87 18 4.996 Q2
8 American Journal of Sports Medicine 56 1,840 32.86 24 7.010 Q1
9 Annals of the Rheumatic Diseases 51 3,661 71.78 35 27.973 Q1
10 International Journal of Molecular Sciences 50 1,215 24.30 15 6.208 Q2

“Arthritis and Rheumatism relaunched as Arthritis and Rheumatology after 2015. The data from these journals were merged. TP, total number of publications; TC, total number of citations;

AC, average number of citations; HI, hirsch index; IF, impact factor; JQ, journal quartiles.

4 Discussion

This
publications on subchondral bone research in OA, which

study provided a bibliometric analysis of
can help beginners intuitively and systematically understand
the development process and trends in this field. We found
that the TP and TC in subchondral bone research have been
increasing exponentially over the past 20 years (Figure 2A).
Accordingly, we believe that subchondral bone has attracted
substantial and consistently growing attention from scholars
and that it is an important research direction for OA
research. This trend may be related to the increasing
global incidence and prevalence of OA due to the aging
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and obesity of the population (Chen et al., 2017; Hunter
and Bierma-Zeinstra, 2019; Kloppenburg and Berenbaum,
2020).

This study found that the US ranked first in the world in
terms of TP, TC, and HI, indicating its dominant influence in
subchondral bone research (Figure 2B; Table 1). Of note, despite
being second in TP, China had fewer AC than any other country,
probably because most of the publications from China were
published in recent years and have not yet accumulated enough
citations (Figure 2C). In terms of institutions, the University of
California System contributed the most, while Université de
Montréal had the highest TC, AC, and HI, indicating their
leadership in subchondral bone research (Table 1; Figure 3A).
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TABLE 4 Top 10 funds with the most publications on subchondral bone research in osteoarthritis.

Rank Funds TP % TC AC HI
1 National Natural Science Foundation of China (NSFC) 474 134 8,220 17.34 45
2 United States Department of Health Human Services (HHS-US) 445 12.6 21,023 47.24 74
3 National Institutes of Health (NIH-US) 438 124 20,852 47.61 74
4 National Institute of Arthritis Musculoskeletal Skin Diseases (NIAMS) 282 8.0 16,112 57.13 68
5 European Commission 162 4.6 6,147 37.94 42
6 UK Research Innovation (UKRI) 94 2.7 4,019 42.76 36
7 National Health and Medical Research Council (NHMRC-Australia) 91 2.6 2,952 32.44 30
8 Ministry of Education Culture Sports Science and Technology (MEXT-Japan) 86 24 2,032 23.63 26
9 Canadian Institutes of Health Research (CIHR) 83 2.3 2,418 29.13 29
10 National Institute on Aging (NIA) 75 2.1 6,404 85.39 42

TP, total number of publications; TC, total number of citations; AC, average number of citations; HI, hirsch index.

Co-authorship analysis can establish similar relationships inflammatory cytokines (IL-1B, TNF, IL-6, IL-15, IL-17, IL-18,
between individuals or institutions by evaluating the number IL-21, 1IL-8, and leukemia inhibitory factor) in the
of co-authored publications to understand the status of pathophysiology of OA and explored the potential of anti-
collaborations among them (Wu et al, 2021; Grover and cytokine therapy for OA (Kapoor et al, 2011). Berenbaum et al

Gupta, 2022). Figures 2D, 3B demonstrated that (2013) suggested that subchondral bone may be the source of
collaborations among institutions from North America, East inflammatory mediators of pain and deep cartilage degradation
Asia, and Europe were stronger, while collaborations among processes in OA. Furthermore, the article by Zhen et al. (2013) had
other institutions were substantially weaker. National and the strongest citation burst value of 49.07, which means that this
institutional output and cooperation may be influenced by study was widely cited in the short term. His study showed that high
economic power. This study found a significant positive levels of active TGF-P1 in subchondral bone appear to trigger
correlation between output and GDP. Countries with high pathological changes in OA. High concentrations of TGF-B1
GDP would be likely to invest heavily in scientific could induce the formation of nestin-positive mesenchymal stem
investigations and produce a large number of senior cell (MSC) clusters, leading to the formation of bone marrow-like
researchers (Kim et al, 2016; Wu et al, 2021). It is islets and accompanied by angiogenesis. In contrast, suppressing
noteworthy that publications from China have experienced TGF-B activity in subchondral bone could attenuate articular
rapid growth since 2012, which is inextricably linked to cartilage degeneration. Moreover, the article by Hunter and
economic development and funding support (Table 4). Bierma-Zeinstra (2019) detailing the updated information on the
Finally, greater mutual collaboration and communication pathogenesis, diagnosis, treatment, and frontiers of OA was the
between institutions is encouraged to promote OA research. paper with the strongest citation burst in recent years. All of the
Pelletier Jean-Pierre (Université de Montréal, Canada) had above literature has had a profound impact on OA research.
particularly attractive data (Table 2; Figure 3C, 3D), indicating In this study, keyword analysis and literature analysis were
his powerful academic influence in the field. His team has been used to obtain research hotspots and predict Frontier trends. It is
working on a series of studies on the pathogenesis, risk factors, reported that research themes in the field could be reflected by
biomarkers, and treatment of OA. In a recent study, they identified cluster analysis of co-cited references and cluster analysis of co-
single nucleotide polymorphism genes and mitochondrial DNA occurrence keywords (Chen et al.,, 2012; Zhang X. et al., 2021).
haplogroups as biomarkers for early prediction of the progression of The evolution of research hotspots could be revealed by the
knee OA through machine learning (Bonakdari et al., 2022; Martel- timeline view of clusters (Chen et al., 2012). In this study, the co-
Pelletier and Pelletier, 2022). Highly cited literature can be cited references were classified into 11 clusters by CiteSpace
considered the most valuable and influential research in the field, software, of which four clusters subchondral bone (#0),
so new researchers can read these papers before further research angiogenesis (#2), inflammation (#4), and exosomes (#6) were
(Table 5; Figure 4). For example, the article “Role of hot topics in recent years (Figure 4C). In addition, the burst
proinflammatory  cytokines in the pathophysiology of detection algorithm can capture the sharp increase in keyword
osteoarthritis” by Kapoor et al. (2011). was ranked first with popularity over a specific period, which can be an effective way to
1,570 citations. This article reviewed the role of pro- identify topics discussed actively during this period (Kleinberg,
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TABLE 5 Top 10 high-cited articles on subchondral bone research in osteoarthritis.

First Year Article title Journal
author
1 Kapoor, M 2011 Role of proinflammatory cytokines in the pathophysiology of osteoarthritis Nature Reviews 1570
Rheumatology
2 Berenbaum, F | 2013 Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!) Osteoarthritis and 951
Cartilage
3 Dieppe, PA 2005 Pathogenesis and management of pain in osteoarthritis Lancet 756
4 Zhen, GH 2013 Inhibition of TGF-beta signaling in mesenchymal stem cells of subchondral bone attenuates =~ Nature Medicine 609
osteoarthritis
5 Goldring, MB | 2010 Articular cartilage and subchondral bone in the pathogenesis of osteoarthritis Skeletal Biology and 538
Medicine
6 Chen, D 2017 Osteoarthritis: toward a comprehensive understanding of pathological mechanism Bone Research 529
7 Hayami, T 2006 Characterization of articular cartilage and subchondral bone changes in the rat anterior =~ Bone 515
cruciate ligament transection and meniscectomized models of osteoarthritis
8 Burr, DB 2012 Bone remodelling in osteoarthritis Nature Reviews 499
Rheumatology
9 Hayami, T 2004 The role of subchondral bone remodeling in osteoarthritis - Reduction of cartilage Arthritis and 470
degeneration and prevention of osteophyte formation by alendronate in the rat anterior = Rheumatism®
cruciate ligament transection model
10 Li, GY 2013 Subchondral bone in osteoarthritis: insight into risk factors and microstructural changes = Arthritis Research and 391
Therapy

*Arthritis and Rheumatism relaunched as Arthritis and Rheumatology after 2015. TC, total number of citations.

2003), as shown in Figure 5B. It demonstrated that hot keywords
have focused on pathomechanisms and therapeutics in recent
years.

Subchondral bone provides mechanical and nutritional support
to cartilage and plays a crucial role in the pathogenesis of OA.
Alterations in the cellular and extracellular components of the
subchondral bone microenvironment can cause abnormalities in
subchondral  bone
innervation, thereby leading to cartilage destruction and pain
(Hu W. et al,, 2021; Hu Y. et al,, 2021). In addition, subchondral
bone can affect cartilage degeneration through mechanical
alterations or paracrine-mediated bone-chondral crosstalk (Zhen
etal., 2013; Lin et al., 2019; Ni et al., 2020). When subchondral bone
is injured, such as subchondral bone cysts or subchondral bone

remodeling, angiogenesis, and sensory

marrow lesions (BML), the integrity of the osteochondral unit is
disrupted, crosstalk between cartilage and subchondral bone is
increased, and subchondral bone remodeling is aberrant
(Goldring and Goldring, 2016; Muratovic et al, 2016).
Osteoclasts, monocytes, osteoblasts, and osteocytes are the main
cells involved in subchondral bone remodeling (Sims and Martin,
2020). In addition, bioactive factors in the bone extracellular matrix
are also involved in this process, such as TGFp, which could cause
the recruitment of MSCs and enhance bone formation (Zhen et al.,
2013). Aggressive subchondral H-type angiogenesis and abnormal
sensory innervation are also key processes in subchondral bone
remodeling. Netrin-1 secreted by osteoblasts could induce sensory
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nerve growth during subchondral bone remodeling (Zhu et al,
2019). Platelet-derived growth factor-BB (PDGF-BB) over-secreted
by preosteoclasts could enhance subchondral angiogenesis (Xie et al.,
2014; Su et al,, 2020). Vascular endothelial growth factor (VEGF)
derived from osteoblasts and mast chondrocytes could also stimulate
angiogenesis (Hu and Olsen, 2016). The above pathological
processes individually or synergistically contribute to OA
progression.

Although there are no treatments designed specifically for
subchondral BML, several drugs have shown great therapeutic
potential in animal models given the above pathogenesis, as
subchondral bone changes precede cartilage degeneration. 1)
Restoring abnormal subchondral bone remodeling using
antiresorptive agents has been evaluated in many trials.
Evidence demonstrated that osteoprotegerin, bisphosphonates,
cathepsin K inhibitors, and strontium ranelate have protective
effects on subchondral bone and cartilage in animal models or
clinical trials (Sagar et al., 2014; Han et al., 2017; Conaghan et al.,
2020; Hayes et al., 2020). However, recent meta-analyses showed
that bisphosphonates do not improve pain, BML, or function in
patients with knee OA (Vaysbrot et al,, 2018; Zhang X. et al,
2022). TGF-p1 could block the
phosphorylation of Smad2/3 in preosteoclasts in OA models,

Moreover, antibodies

thereby reducing their subchondral localization and improving

bone parameters and cartilage architecture (Zhen et al., 2013). 2)
Bevacizumab (VEGF blocking antibody) and defactinib (focal
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Top 25 References with the Strongest Citation Bursts

N References Year Strength Begin End 2003 - 2022
J Hayami T, 2004, ARTHRITIS RHEUM-US, V50, P1193, DOI 10.1002/art 20124, DOI 2004 28232004 2010 = ——
ol\ Hayami T, 2006, BONE, V38, P234, DOI 10.1016/j.bone.2005.08.007, DOI 2006 24.682007 2014 e ———
° X Karsdal MA, 2008, OSTEOARTHR CARTILAGE, V16, P638, DOI 10.1016/j.j0ca.2008.01.014, DOI 2008 23.69 2008 2014 s S e
e® | e Burr DB, 2012, NAT REV RHEUMATOL, V8, P665, DOI 10.1038/nrtheum.2012.130, DO 2012 36722012 2018 m———————
1 Goldring MB, 2010, ANN NY ACAD SCL V1192, P230, DOI 10.1111/1.1749-6632.2009.05240.x, DOI 2010 29.22 2011 2014 s SN S
o * . ° Loeser RF, 2012, ARTHRITIS RHEUM-US, V64, P1697, DO 10.1002/art 34453, DOI 2012 24142012 2018 se——T—
@, g A » . Lories R, 2011, NAT REV RHEUMATOL, V7, P43, DOI 10.1038/nrrheum.2010.197, DOI 2011 23752011 2018 s B ——
° . [ o Suri S, 2012, BONE, V51, P204, DOI 10.1016/j.bone.2011.10.010, DOI 2012 18792012 2018 s ——
.yaml T ('2004) { Bijlsma JWJ, 2011, LANCET, V377, P2115, DOI 10.1016/S0140-6736(11)60243-2, DOL 2011 18.21 2011 2018 s S —————
4 Castaneda §, 2012, BIOCHEM PHARMACOL, V83, P315, DOT 10.1016/1bep.2011.09.018, DOI 2012 18.082012 2018 s e
» Zhen GH, 2013, NAT MED, V19, P704, DOI 10.1038/nm.3143, DOI 2013 49072015 2018 s e
° ® Goldring SR, 2016, NAT REV RHEUMATOL, V12, P632, DOI 10.1038/nrrheum2016.148, DOI 2016 37.16 2016 2022 s s
/ e° . Li GY, 2013, ARTHRITIS RES THER, V15, PO, DOI 10.1186/ard405, DOI 2013 27.12015 2018 s————
® . ° &yami TgDOG) Glyn-jones S, 2015, LANCET, V386, P376, DOI 10.1016/S0140-6736(14)60802-3, DOI 2015 26.252015 2022 se——SS—)
Findlay DM, 2016, BONE RES, V4, PO, DOI 10.1038/boneres.2016.28, DOL 2016 20512016 2022 mm——
. r P = .. o Karsdal MA, 2014, ANN RHEUM DIS, V73, P336, DOI 10.1136/annrheumdis-2013-204111, DOI 2014 20.35 2015 2018 s
Scanzello CR, 2012, BONE, V51, P249, DOI 10.1016j.bone.2012.02.012, DOI 2012 1792015 2018 m———
r—* i d . ot «® ‘ap°°r M (2011) Hunter DJ, 2019, LANCET, V393, P1745, DOI 10.1016/S0140-6736(19)30417-9, DOI 2019 45242019 2022 m——
N 't . ° <Loeser RF (2012) Chen D, 2017, BONE RES, V5, P0, DOI 10.1038/boneres.2016.44, DOL 2017 2322019 2022 m—
s . ’ .da WA (2008) Hugle T, 2017, RHEUMATOLOGY, V56, P14 0.1093/theumatology/kew389, DOI 2017 21492019 2022 se——8888
.. " [ ] ’ ﬂIB (2010} ﬁl‘rr DB (2012) Martel-pelletier J, 2016, NAT REV DIS PRIM P0, DOI 10.1038/nrdp.2016.72, DOT 2016 20782019 2022 s——
P ° % aneda S (2 2) Zhu SA, 2019, ] CLIN INVEST, V129, P1076, . 10.1172/ICI121561, DOI 2019 18852019 2022 s
P I‘Ismﬁw A g012) Cui Z, 2016, ANN RHEUM DIS, V75, P1714, DOI 10.1136/annrheumdis-2015-207923, DOI 2016 17782019 2022 me——
e, % RJ (2011) , GY (2013) Fang H, 2018, SCIREP-UK, V8, PO, DO 10.1038541598-018-21184:5, DOI 2018 17652019 2022 st
P er SM (2011) Chen Y, 2018, T BONE MINER RES, V33, P316, DOI 10.1002/jbmr. 3313, DOI 2018 17232019 2022 mem—
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FIGURE 4

(A) The co-cited reference knowledge map. The node size represents the number of co-citations. (B) The top 25 references with the strongest
citation bursts. The blue line indicates the time interval and the red part represents the period of the reference burst. (C) The timeline graph of co-

cited reference clusters.

adhesion kinase inhibitor) can reduce subchondral H-vessel
formation in a mouse model of OA, thereby inhibiting
chondrocyte hypertrophy and delaying OA progression (Lu
2018; Hu et al, 2020). Inhibition of Netrin-1 in
subchondral osteoblasts could attenuate sensory innervation

et al,
and relieve pain (Zhu et al, 2019). Of note, more clinical
trials are needed for these therapeutic agents and potential
therapeutic targets. 3) The value of regenerative therapies has
been confirmed by many studies. MSCs play a key role in
subchondral bone remodeling and osteochondral homeostasis
(Zhu et al., 2021). In a series of 15-year clinical follow-up trials,
(Hernigou et al., 2021a; Hernigou et al., 2021b) demonstrated
that treatment with bone marrow MSCs was effective in reducing
subchondral BML and could delay joint replacement in OA
patients for more than 10 years. In addition, stem cell-derived
exosomes may protect joints from damage by promoting
cartilage repair and mediating subchondral bone remodeling
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(Ni et al,
exosomes are just beginning, and there are still many

2020). However, investigations into MSC-derived

unanswered questions.

5 Limitations

To our knowledge, this work is the first comprehensive
bibliometric analysis of publications related to subchondral
bone in OA. However, this study also has several limitations
inherent in bibliometrics. Firstly, the data was only sourced from
the WoSCC database, which may have missed some relevant
studies from other databases. However, WoSCC is the most
widely used and sufficiently large database for bibliometric study,
as indicated in earlier studies (Zhang Y. et al.,, 2021; Wu et al,,
2021). Secondly, the shortcoming is that this study did not
perform journal dual-map overlay analysis because it can
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Hial % Keywords Year Strength Begin End 2003 - 2022
Tiggue b7z Tubver cancellous bone 2003 17.952003 2014
Syagyitis bone mineral density 2003 14.342003 2014
S““‘“’ V%= o e cancellous bone 2003 14.092003 2014
Subchondral Bone Changes
- Recomil@dations Rcdhons human articular cartilage 2003 13.742003 2014
; RatModel ii collagen 2003 10242003 2010
L Randomid Contole T in vitro 2003 9.112003 2014
m:{""'“"'i e s Sy cruciate ligament transection 2003 13.72007 2018
Osteochondial Begeneration Pain ® rat model 2003 9.592011 2014
i =, (e Osopy@pmatin pathogenesis 2003 13282015 2022
Mosigplasty Hieeve Goupil Fazion oty autologous chondrocyte implantation 2003 12.74 2015 2018
Mesenchys lem-Cells Médel 2 osteoblast 2003 12.332015 2018
Maix . Knee Owhmis double blind 2003 11092015 2018
KndGoint “K:‘ - inflammation 2003 19.062019 2022
1o $ """”’ﬁ*’"?“““""““ apoptosis 2003 13.472019 2022
D Eattogen Replachent Therapy hyaluronic acid 2003 13472019 2022
“g'{‘:i’"ﬁ:;:“' Hf‘j‘g"\i’ﬁ‘:‘:ﬁf Deseien cartilage degeneration 2003 13092019 2022
1:2‘::“:: L«:'::‘L:s SN A el ’gm& mmwmm‘ cartilage repair 2003 12.72 2019 2022
. el Ty s angiogencsis 2003 12342019 2022
Double-Blind Cartilage Degencration 4 %
= -4 - proliferation 2003 12342019 2022
O St A - histopathology 2003 12342019 2022
CartilaggRepair Chondroitin Sulfate 9 mechanism 2003 12342019 2022
N - Bone b tgfbeta 2003 11972019 2022
o B Anioilodels Sy regeneration 2003 11592019 2022
Autologous ('lm‘cylc Implant Animal Models Biochemigal Markers stromal cell 2003 11.592019 2022
1\(l|]m5h\me Angiogenesis Alendoatc ‘mesenchymal stem cell 2003 9.362019 2022

FIGURE 5
(A) The co-occurrence view of the keywords, in which each column represents a cluster of studies generated by VOSviewer. The size of the

node is proportional to the number of keyword occurrences; the thickness of the line is proportional to the number of keyword co-occurrences. (B)
The top 20 keywords with the strongest citation bursts.

reflect the citation relationship between journals and further
show the change in the research area. Finally, recent high-quality
works may not have received enough citations, which could lead
to an underestimation of their influence. Although the WoSCC
database is continuously updated and citation-specific
parameters are subject to temporal changes, the effect of time
on citation trends is limited. Therefore, this work can shed light
on the general status and trends of subchondral bone research

in OA.

6 Conclusion

This study found that publications on subchondral bone in
OA have experienced an exponential increase. The pathological
mechanisms of cellular and molecular interactions in the
subchondral bone microenvironment in the development of
OA, as well as the exploitation of targeted therapeutic agents
against the altered subchondral bone microenvironment, would
be current hot topics and future research trends.
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