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Abstract 

Background: Osteonecrosis of the femoral head (ONFH) is a common disabling disease with considerable social and 
economic impacts. Although extensive studies related to ONFH have been conducted in recent years, a specific bib-
liometric analysis on this topic has not yet been performed. Our study attempted to summarize the comprehensive 
knowledge map, development landscape, and future directions of ONFH research with the bibliometric approach.

Methods: All publications concerning ONFH published from 2001 to 2020 were identified from Web of Science Core 
Collection. Key bibliometric indicators were calculated and evaluated using CiteSpace, VOSviewer, and the online 
bibliometric analysis platform.

Results: A total of 2594 publications were included. Our analysis revealed a significant exponential growth trend in 
the annual number of publications over the past 20 years (R2 = 0.9663). China, the USA, and Japan were the major 
contributors both from the quality and quantity points of view. Correlation analysis indicated that there was a high 
positive correlation between the number of publications and gross domestic product (r = 0.774), and a moderate 
positive correlation between publications and demographic factor (r = 0.673). All keywords were categorized into four 
clusters including Cluster 1 (etiology and risk factors study); Cluster 2 (basic research and stem cell therapy); cluster 3 
(hip-preserving study); and Cluster 4 (hip replacement study). Stem cell therapy-related research has been recognized 
as an important research hotspot in this field. Several topics including exosomes, autophagy, biomarkers, osteogenic 
differentiation, microRNAs, steroid-induced osteonecrosis, mesenchymal stem cells, double-blind, early-stage oste-
onecrosis, and asymptomatic osteonecrosis were considered as research focuses in the near future.

Conclusion: Over the past two decades, increasing attention has been paid to global ONFH-related research. Our 
bibliometric findings provide valuable information for researchers to understand the basic knowledge structure, iden-
tify the current research hotspots, potential collaborators, and future research frontiers in this field.
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Introduction
Osteonecrosis of the femoral head (ONFH) is a common 
progressive disease typically characterized by reduction 
in vascular supply, bone metabolism disorder, and necro-
sis of the subchondral bone and eventually resulting in 
bone collapse of the femoral head [1]. It can be classified 
as traumatic and non-traumatic ONFH on the basis of 
diverse etiologies. Although the pathophysiology of this 
process has not yet been clearly elucidated, corticosteroid 
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use, alcoholism, smoking, inherited coagulation disor-
ders, as well as systemic lupus erythematosus are typi-
cally considered to be high-risk factors for non‐traumatic 
ONFH [1, 2]. In the USA alone, more than 20,000 new 
patients were diagnosed with non-traumatic ONFH each 
year, contributing to approximately 10% of the total num-
ber of total hip arthroplasties (THA) performed annually 
[3]. Another epidemiological study estimated that around 
8.12 million Chinese population aged 15  years or over 
were affected by this condition, among which 55.75% of 
females and 26.35% of males have reported corticosteroid 
use [4]. Therefore, ONFH represent a major challenge in 
the orthopedic arena due to its high morbidity and dis-
ability rate, especially among young and middle-aged 
people.

Many tactics for treatment of ONFH depend on the 
severity of their condition, and the staging system formu-
lated by the Association Research Circulation Osseous 
(ARCO) is one of the commonly used staging method 
in clinical practice [2]. According to the changes in the 
intraosseous blood supply in different phases of disease 
progression, the corresponding surgical and nonsurgi-
cal treatment strategies are recommended to prevent, or 
at least delay the progression toward the stage of femo-
ral head collapse, in which THA is unavoidable [2, 5]. 
Despite the availability of numerous hip‐preserving sur-
gical methods including core decompression, osteotomy, 
and bone graft, there still exists controversy regarding 
whether these treatment modalities are meaningful and 
valuable, as more than 80% patients with ONFH finally 
require THA [6, 7]. Additionally, some other controver-
sies derived from ONFH, such as the pathogenesis, the 
optimal classification system, practicability of pharmaco-
logical treatments, optimal treatment protocols and sur-
gical timing of THA, predictors of outcomes, and so on 
[2, 3]. Motivated by these concerns, ONFH have piqued 
the interest of researchers worldwide and a large num-
ber of related papers on this challenging topic have been 
published. To our knowledge, although some systematic 
reviews focusing on a specific subfield of ONFH research 
have been published, the global knowledge structure and 
research trends in this area have not been systematically 
studied yet.

Notably, the appearance of bibliometric method has 
compensated the shortage of literature reviews in a 
complementary fashion. Bibliometrics, first defined by 
Pritchard in 1969, is a visualization method to quantita-
tively assess the contribution of a research field by using 
mathematical and statistical approaches [8]. It is also 
regarded as an important approach to reveal the research 
trends and predict the research hotspots in a certain field 
[9, 10]. Over recent years, the application of bibliomet-
ric analysis is very extensive in the biomedical sciences, 

due to the explosion in the quantity of scientific publica-
tions and the availability of several freeware bibliometric 
tools [11, 12]. In the field of hip surgery, one recent study 
explored the global trends and hotspots of scientific 
research on femoroacetabular impingement from 2000 to 
2019, based on 2471 originals articles indexed in Web of 
Science (WOS) [13]. Our research team and other groups 
have also investigated the publications on hip fracture 
[14], developmental dysplasia of the hip [15], and THA 
[16] by using bibliometric methods and assessed the co-
authorship and co-citation network in these areas. How-
ever, to date, no studies have applied the bibliometric 
method to analyze the global research trends on ONFH. 
In view of this, the aims of this study were to (1) iden-
tify the current status of ONFH domain, including the 
distribution of annual outputs, the major players such as 
countries, institutions, and individuals; (2) analyze the 
cooperation networks at the level of countries, institu-
tions, and authors; (3) summarize main research direc-
tions and hotspots; and (4) propose research frontiers 
and potential hotspots in the near future.

Methods
Source of bibliometric data and search strategies
Based on previous studies [14, 17, 18], the Science Cita-
tion Index Expanded (SCI-Expanded) of the Web of 
Science Core Collection (WOSCC) was selected as the 
main data source. The scientific literature was searched 
based on the titles (TI), abstracts (AB), and author key-
words (AK) with the following search strategy: “femoral 
head necrosis” OR [(osteonecrosis OR necrosis) NEAR/2 
(“femoral head”)] OR ONFH. The proximity operator 
of “NEAR/2” was used to combine search terms, which 
means two terms may have separated by a maximum 
of two words in any order (e.g., osteonecrosis NEAR/2 
femoral head would have identified “osteonecrosis of 
the femoral head” and “osteonecrosis of femoral head”). 
A timespan of 20 years was set, and thus, only literature 
published from 2001 to 2020 was included. Publication 
language was restricted to English, and only original 
articles and reviews were eligible for this bibliometric 
analysis. All data utilized in this work were downloaded 
from public databases and, therefore, ethics committee 
approval or informed consent was not required.

Data export and extraction
Considering that the database is regularly updated, all 
searches were done on a separate day to avoid this poten-
tial bias. By using the function of “export” in WoSCC, 
“full records and cited references” of retrieved records 
were exported as “tab delimited text (.txt)” to bibliomet-
ric tools for additional processing. Then the detailed data 
on the general information including annual publications, 
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countries, institutions, authors, source journals, funding 
sources, research areas, number of citations, and Hirsch-
index (H-index) were extracted. The above procedure 
was completed by two investigators independently, and 
any disagreements were solved through discussion or, if 
necessary, by the senior author. Moreover, journal impact 
factors (JIF) and quartile ranks were collected from the 
2020 Journal Citation Reports. The detailed literature 
search and selection process are shown in Fig. 1.

Bibliometric analysis
To obtain a more comprehensive analysis, three biblio-
metric tools, including an online platform and two soft-
ware, were used to perform this study. First, the online 
bibliometric analysis platform (available at: https:// bibli 
ometr ic. com/) was used to conduct academic coop-
eration networks between countries. Then, VOSviewer 
1.6.16 and Citespace V 5.7 R2 software were further 
used for mapping and visualizing bibliometric networks 

of scientific publications. VOSviewer, a freely available 
Java-based software developed by van Eck and Walt-
man at Erasmus University, is one of the frequently 
used bibliometric tools for quantitatively analyzing 
the academic literature [11]. In this study, VOSviewer 
was used to visualize the following network maps of 
ONFH research: network map of co-citation authors 
and journals; co-occurrence analysis of keywords. 
Specifically, co-citation network means that two items 
appear together in the bibliography of a third citing 
item, while co-occurrence network represents that the 
relationship of items is built according to the quantity 
of publications where they occur together [8, 11]. Gen-
erally speaking, the visualization maps mainly consist 
of nodes and links with different colors. Nodes in the 
visualization map represented the analyzed elements 
such as author, journal, or keyword, and the size of the 
nodes indicated the number of citations or occurrences 
[14]. The links between nodes reflected the relationship 

Fig. 1 Flow diagram of the literature search and selection process

https://bibliometric.com/
https://bibliometric.com/
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of co-citation or co-occurrence. An important parame-
ter, total link strength (TLS), was used to quantitatively 
evaluate the strength of links [11, 14]. And the detailed 
descriptions of the maps could be found in the software 
manual at https:// www. vosvi ewer. com/ docum entat ion.

Apart from that, we also employed another biblio-
metric software, called Citespace, which was developed 
by Professor Chaomei Chen of Drexel University, to 
perform further bibliometric analysis [12]. In the pre-
sent study, CiteSpace was applied to conduct research 
cooperation relationships of authors and institutions; 
timeline view map of co-citation references; and refer-
ences with the strongest citation bursts. CiteSpace is 
capable of generating different types of visualization 
map, such as the network map, the cluster view map, 
and timeline view map [12]. Overall, all these visualiza-
tion maps are also comprised of nodes and lines rep-
resenting different meanings. Betweenness centrality 
(BC) is an important indicator that could identify the 
relative importance of a node within the networks, and 
nodes with the highest BC value (≥ 0.1) are usually 
known as hubs nodes that usually marked with purple 
rings [17, 19]. More detailed software utilization skills 
and information about the visualization maps can be 
found in the CiteSpace manual (available at http:// clust 
er. ischo ol. drexel. edu/ ~cchen/ cites pace/ CiteS paceM 
anual. pdf ).

Statistical analyses
R software (v3.6.3.), SPSS (IBM SPSS Statistics 21, Inc., 
Chicago, IL, USA), and Microsoft Excel 2019 were used 
for descriptive analysis, statistical evaluation, data fitting, 
and plotting graphs. We computed the growth rate of 
publications over time with the following calculation for-
mula as described previously by Guo et al. [20]. Pearson’s 
correlation coefficient test was used to assess the correla-
tion between continuous variables, and correlations were 
considered significant when p value < 0.05.

Results
Publication outputs and trends
Following the aforementioned screening strategy, a total 
of 2594 documents including 2394 original articles and 
200 reviews related to ONFH were identified covering the 
period 2001–2020. Figure  2 presents the specific num-
bers of annual documents about ONFH. Model fitting 
curve revealed a significant exponential growth trend in 
the annual number of publications over the past 20 years 
(y = 44.943e0.088x, R2 = 0.9663). From 2001 to 2020, the 
average growth rate of scientific outputs was 33.41%.

Analysis of countries/regions and funding agencies
All publications were distributed among 71 countries/
regions. China had published the most publications 
with 1077 (41.52%) articles/reviews, followed by the 

Fig. 2 The specific numbers of annual documents regarding ONFH

https://www.vosviewer.com/documentation
http://cluster.ischool.drexel.edu/~cchen/citespace/CiteSpaceManual.pdf
http://cluster.ischool.drexel.edu/~cchen/citespace/CiteSpaceManual.pdf
http://cluster.ischool.drexel.edu/~cchen/citespace/CiteSpaceManual.pdf
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USA [392 (15.11%)], Japan [278 (10.72%)], South Korea 
[167 (6.44%)], and Germany [123 (4.74%)] (Table 1). The 
results of correlation analysis indicated that there was a 
high positive correlation between the number of pub-
lications and gross domestic product (GDP) (r = 0.774, 
p < 0.001), and a moderate positive correlation was 
also found between publications and demographic fac-
tor (r = 0.673, p = 0.001). International collaboration of 
countries in this domain was also analyzed. As demon-
strated in Fig. 3A, extensive collaboration was observed 
between productive countries. For instance, China col-
laborated closely with the USA, Australia, Germany, and 
South Korea. The USA, South Korea, Greece, Japan, and 
Italy have demonstrated active cooperation as well. In 
addition, the annual number of publications in the top 
10 prolific countries from 2001 to 2020 is illustrated in 
Fig.  3B. Figure  3C lists the top 10 most active funding 
agencies in this field. Of these, four of them were from 
Japan, three from China, and the remaining three agen-
cies were from the USA.

Analysis of the most prolific institutions
The top 10 most prolific institutions were laid out in 
Fig.  3D. All these institutions were from Asian institu-
tions including 7 Chinese institutions, 2 Japanese institu-
tions, and 1 Korean institution. Among them, Shanghai 

Jiao Tong University had the largest number of publica-
tions (77), followed by Kyushu University (58), Guang-
zhou University of Chinese Medicine (51), and Xi’an 
Jiaotong University (51). As for the other parameters, 
H-Index for Osaka University exhibited the highest value 
(18), followed closely by Shanghai Jiao Tong University 
(17). And Seoul National University had the highest value 
of average number of citations (23.05). A network visu-
alization map of institution cooperation was generated by 
CiteSpace and illustrated in Fig. 4A.

Analysis of the most influential authors
As shown in Fig. 4B, Zhang CQ from Shanghai Jiao Tong 
University contributed the highest number of papers, fol-
lowed by Zhao DW from Dalian University, and Moto-
mura G from Kyushu University. Figure  4C illustrates 
the cooperation network map of authors, none of the 
included authors had a BC value of more than 0.1. In 
addition, the co-citation network among authors was 
conducted using VOSviewer. As displayed in Fig.  4D, 
only authors with a minimum of 100 citations were 
included. There were 55 nodes, 5 clusters, and 1439 links 
in the network map. Among them, Mont MA from Sinai 
Hospital of Baltimore has occupied maximum node with 
the largest citations and TLS.

Table 1 Top 20 most productive countries related to ONFH research

Ranking: according to the number of total publications

Ranking Countries Publications, n % of 2594 H-index Average 
citations per 
document

1 China 1077 41.52 45 11.61

2 USA 392 15.11 55 29.35

3 Japan 278 10.72 33 16.28

4 South Korea 167 6.44 32 19.89

5 Germany 123 4.74 27 18.29

6 UK 102 3.93 28 24.54

7 France 73 2.81 23 25.14

8 India 59 2.27 15 12.63

9 Turkey 56 2.16 13 11.84

10 Italy 49 1.89 20 19.69

11 Greece 47 1.81 23 26.72

12 Canada 41 1.58 19 28.2

13 Switzerland 36 1.39 15 34.31

14 Belgium 31 1.20 18 36.13

15 Australia 27 1.04 12 27.52

16 Spain 27 1.04 10 11.85

17 Israel 24 0.93 12 38.13

18 Brazil 22 0.85 8 10.45

19 Austria 20 0.77 11 22.75

20 Iran 20 0.77 7 10.45
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Analysis of the higher-impact journals
The top 10 most prolific journals were listed in Table 2. 
International Orthopaedics (JIF 3.075) has published 
the greatest number of 123 papers, followed by Clinical 
Orthopaedics and Related Research (JIF 4.291), and Jour-
nal of Arthroplasty (JIF 4.757), with 103 and 81 publica-
tions, respectively. According to JIF, JCR splits journals 
belonging to the same discipline into four equal parts, of 
the top 25% classified as Q1 and the top 25–50% being 
Q2, and so on. More than half of the top 10 journals were 
categorized in Q1 or Q2. Figure 5 shows the network vis-
ualization map of journal co-citation analysis. Only jour-
nals with more than 200 citations were depicted. Of the 
60 journals satisfying the criteria, the top 5 co-cited jour-
nals were Clinical Orthopaedics and Related Research, 

Journal of Bone and Joint Surgery American Volume, 
Bone & Joint Journal, Journal of Arthroplasty, and Inter-
national Orthopaedics. 

Analysis of highly cited references
Reference co-citation analysis is one of the most attrac-
tive functions of CiteSpace, which is often applied to 
determine the research focuses on a given field. As 
shown in Fig. 6 and Table 3, all the nodes in the reference 
co-citation network map could be grouped into 13 major 
clusters. In CiteSpace, weighted mean silhouette value (S 
value) and the modularity value (Q value) are two indi-
cators to evaluate the significance of clustering, and it is 
generally believed that S > 0.7 and Q > 0.3 represent the 
clusters are convincing. In this study, the mean value of 

Fig. 3 A International collaboration of countries in this domain. The area occupied per country is proportional to the number of documents. Line 
thickness reflects the closeness between countries, and a thicker line represents a stronger collaboration. B The annual number of publications in 
the top 10 prolific countries from 2001 to 2020. From 2010 onward, China has surpassed the USA for the first time and has remained that way since 
then. C The top 10 most active funding agencies in ONFH-related research. D The total number of publications, H-index, and average citations per 
item of top 10 most prolific countries in this field
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Fig. 4 A The cooperation network map of institutions generated by CiteSpace. Each node represents an institution and the node size is 
proportional to the number of publications by that institution. The node with the highest BC value (≥ 0.1) are usually known as hubs nodes that 
usually marked with purple rings. The connecting line between nodes indicates the cooperation relationship, and the value of link strength is also 
displayed between lines. B The total number of publications, H-index, and average citations per item of top 10 productive authors in this field. C The 
cooperation network map of productive authors generated by CiteSpace. The graphical explanations are the same as in A. D Authors co-citation 
analysis by VOSviewer. Each node represents a different author, and the node size is proportional to the quantity of citations. The thickness of the 
connecting line between nodes indicates link strength of a co-citation relationship, which could be weighted by a quantitative indicator that is TLS

Table 2 Top 10 journals with most publications in the field of ONFH research

Ranking Journal title Output % of 2594 JIF (2020) Quartile in 
category 
(2020)

1 International Orthopaedics 123 4.74 3.075 Q2

2 Clinical Orthopaedics and Related Research 103 3.97 4.291 Q1

3 Journal of Arthroplasty 81 3.12 4.757 Q1

4 Journal of Bone and Joint Surgery American Volume 79 3.05 5.284 Q2

5 Archives of Orthopaedic and Trauma Surgery 69 2.66 3.067 Q3

6 Bone & Joint Journal 67 2.58 5.082 Q1

7 Hip International 54 2.08 2.135 Q4

8 Medicine 53 2.04 1.889 Q3

9 BMC Musculoskeletal Disorders 50 1.93 2.355 Q3/Q4

10 Journal of Orthopaedic Surgery and Research 48 1.85 2.359 Q2
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S equals 0.7481 and that Q equals 0.7794, indicating the 
rationality of this clustering strategy. Moreover, as shown 
in Fig. 7, the top 25 references with the strongest citation 
bursts were identified in terms of their burst values.

Analysis of the most concerned keywords
In this study, keywords that occurred at least 10 times 
were extracted from 2594 publications and analyzed 
by VOSviewer. After deleting meaningless keywords 

Fig. 5 The network visualization map of journal co-citation analysis by VOSviewer. Each node represents a different journal, and the node size is 
proportional to the quantity of citations. Other graphical explanations are the same as in Fig. 4D

Fig. 6 The timeline view map of reference co-citation analysis. For each cluster, the position of each node shows the time of publication of the 
document, and the node size represents the number of citations
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and merging keywords with the same meaning, a total 
of 319 keywords were identified. Based on the research 
categories of these keywords, VOSviewer software was 
able to divide all keywords into several major clus-
ters with different colors. As shown in the network 

visualization map of Fig. 8A, all the included keywords 
were classified into the following four clusters: Cluster 
1(etiology and risk factors study, green nodes); Clus-
ter 2 (basic research and stem cell therapy, red nodes); 
cluster 3 (hip-preserving study, blue nodes); and Clus-
ter 4 (hip replacement study, purple nodes). In addition 

Table 3 Main clusters of co-cited references

Cluster ID Size Silhouette Label Mean (year)

#0 32 0.965 Risk factor 2015

#1 31 0.9 Glucocorticoid-induced osteonecrosis 2010

#2 25 0.881 Autologous transplantation 2006

#3 21 0.932 Non-weight bearing 1998

#4 21 0.972 Intertrochanteric osteotomy 1998

#5 21 0.934 Fibular grafting 2001

#6 20 0.915 Prognostic value 1999

#7 19 0.893 Stem cell therapy 2015

#8 19 0.788 t-786c enos polymorphism 2002

#9 17 0.846 Gene expression 2007

#10 17 0.967 Concentrated autologous bone marrow 2010

#11 14 1 Propylene fumarate 2004

#12 14 0.951 Early collapse 2002

Fig. 7 Top 25 references with the strongest citation burst in the ONFH field. The red segment represents the begin and end year of the burst 
duration
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to this, we also provided an overlay visualization map 
of keywords co-occurrence analysis in Fig. 8B.

Discussion
Worldwide research tendency of ONFH from 2001 to 2020
The number of publications in a certain field is able to 
reflect the productivity and development of the topic over 
the years. ONFH-related research has drawn increasing 
attention among scholars from 2001 to 2020. The global 
number of publications in this field has been gradually 
increased from 58 in 2001 to 297 in 2020, 71.05% of which 
was published in the last 10 years. One important reason 
for this growth was that the incidence of ONFH has been 
increasing worldwide and this devastating condition has 
become an increasingly prominent issue globally [1, 2, 21, 
22]. Based on current trends, Mont et  al. [23] reported 
that the total number of individuals affected by ONFH is 
estimated to reach 20 million by next 10 years worldwide. 

Besides, the increase in annual publications is insepara-
ble from the advances in basic research and clinical trials 
in recent years [24, 25].

Knowledge structure of ONFH-related publications
Countries
It is not difficult to see that the research centers of this 
field were mainly concentrated in East Asia, North 
America and Western Europe. The results of correla-
tion analysis indicated that part of the discrepancy in 
the quantity of publications across different countries 
can be explained by factors of economy or population. 
The H-index is a bibliometric indicator that simultane-
ously measures the quality (mainly depends on citations) 
and quantity (number of documents) of publications in 
a journal, author, or country [19, 26]. In this study, the 
USA, China, and Japan were the top three countries with 
the highest H-index. Therefore, this result further proved 

Fig. 8 A Network visualization map of the co-occurrence network of keywords using VOSviewer. Each node represents a certain keyword. Nodes 
and font size represent the number of keyword occurrences. Keywords with close correlation will be assigned to one cluster with the same color. B 
Overlay visualization map of keywords analysis in the ONFH field. The color of each node shows the average appearing year (AAY) of the keyword, 
according to the color gradient shown at the bottom right. The blue-purple color reflected the keywords appeared relatively earlier, while the dark 
red nodes represented the recent occurrence
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that China, the USA, and Japan were the major contribu-
tors both from the quality and quantity points of view.

Institutions
In terms of research institutions, the most prolific insti-
tution was Shanghai Jiao Tong University, Kyushu Uni-
versity, Guangzhou University of Chinese Medicine, and 
Xi’an Jiaotong University. Nevertheless, inter-institu-
tional cooperation levels were relatively low and primarily 
conducted in Asian research institutions. Furthermore, 
none of the institutions had BC value greater than 0.1, 
indicating that there was no one institution occupied the 
absolutely central position in the collaboration network 
[17, 19]. In view of this, strengthening cooperative net-
works in different research institutions or teams will be 
important for future studies whether for basic scientific 
researches or clinical trials.

Authors
An analysis of the most influential authors is helpful 
for scholars to learn existing partnerships and identify 
potential cooperative subjects at home and abroad. As 
shown in Fig. 4B, Zhang CQ, Zhao DW, and Motomura 
G were the top three contributors in this field. Zhang 
CQ and colleagues mainly focused on the application 
of free vascularized fibula grafting for the treatment of 
ONFH [27]. Apart from that, a study conducted by their 
research team, which reported the potential preventa-
tive effect of exosomes secreted by induced pluripotent 
stem cell-derived mesenchymal stem cells (iPS-MSC-
Exos) on ONFH via promoting local angiogenesis, also 
received a great attention [28]. The co-citation analysis 
is usually considered to be a better method to evaluate 
the academic influence of a journal or a scholar [17]. As 
a result, the co-citation network among authors was con-
ducted using VOSviewer. Mont MA from Sinai Hospital 
of Baltimore has occupied maximum node with the larg-
est citations and TLS. Further analysis found that several 
high-quality reviews regarding diagnosis, classification 
systems, and treatment for ONFH, published by Mont 
et al. have achieved a high number of citations [29, 30].

Journals
As for journal analysis, International Orthopaedics, Clin-
ical Orthopaedics and Related Research, and Journal of 
Arthroplasty were the top three journals with the most 
publications. Of the top 10 journals, although China is 
the largest publishing country, there is no one Chinese 
journal, indicating that China should strengthen several 
international journals in this field so as to attract more 
scientific publications and spread academic perspective. 
Notably, to address this issue, Chinese government has 

continuously increased its investment in the construction 
of first-class academic journals in recent years [31].

An overview of research focuses and frontiers
Reference analysis
Reference co-citation analysis is often applied to deter-
mine the research focuses on a given field. All the pub-
lications and their references data were used to create 
homogeneous clusters, thus references that were con-
nected tightly were divided into the same clusters, and 
conversely in different clusters. Our findings demon-
strated that there were 13 major clusters in the co-cita-
tion network map. The largest cluster was “risk factor” 
(#0) [1, 2, 32]. Figure  6 shows the timeline view for the 
major clusters, which could illustrate the temporal and 
evolution characteristics of each cluster. The develop-
ment of cluster 3, cluster 4, and cluster 6 occurred ear-
liest, whereas cluster 0 (risk factor) and cluster 7 (stem 
cell therapy) were the recent research topics in the field 
of ONFH, which reflects the shift in research focus. 
Apart from that, burst detection of reference was another 
approach to track and capture the research hotspots. Ref-
erences with the strongest citation burst, indicating that 
they have received special attention during a period, are 
generally acknowledged as the research basics of fron-
tiers in a certain field. As shown in Fig. 7, the strongest 
burst starting from 2015 was from the paper published by 
Mont MA and colleagues [30], followed by Moya-Ange-
ler et al. [3] in 2015 and Mont MA et al. [29] in 2006. It 
also can be observed that reference with citation bursts 
first emerged in 2004, due to an article in 2002, and con-
tinued through 4 years. Of note, the burst of several ref-
erences after 2015 is still ongoing, suggesting that these 
topics have gained considerable attention in recent years 
and deserve further attention for future periods of time. 
It is worth noting that most of these references involved 
stem cells therapy [33–35].

Keywords analysis
Generally, the author keywords of an article are usually 
the most representative terms used to give a brief over-
view of research theme, and the co-occurrence analysis 
of keywords is a common bibliometric method to present 
the knowledge content and structure visually and also 
uncover the evolution process and hot topics of a field 
[14]. Based on the research categories of these keywords, 
VOSviewer software was able to divide all keywords into 
several major clusters with different colors. As shown in 
the network visualization map of Fig. 8A, all the included 
keywords were classified into four main research clus-
ters including Cluster 1(etiology and risk factors study); 
Cluster 2 (basic research and stem cell therapy); clus-
ter 3 (hip-preserving study); Cluster 4 (hip replacement 
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study). In addition to this, the VOSviewer software could 
impart all the included keywords with different colors 
based on their AAY. It can be seen that early research 
prior to 2015, the ONFH research was mainly focused on 
“hip replacement study” in cluster 4 and “hip-preserving 
study” in cluster 3, whereas keywords belong to in clus-
ter 2 (“basic research and stem cell therapy”) had the 
relatively latest AAY than other clusters. Stem cells pos-
sess the ability to self-renew and differentiate into vari-
ous cell types such as osteoblasts and endothelial cells to 
promote angiogenesis as well as bone regeneration [33]. 
In the meantime, they could also secrete a broad range 
of biological factors including multiple cytokines, growth 
factors, and exosomes to promote new blood vessel for-
mation and rebuild blood supply in the necrotic regions 
[35]. As far as we know, multiple rigorous random con-
trolled trials (RCTs) on the efficacy of stem cell therapy 
for early-stage ONFH have been initiated or currently in 
progress [23]. Yet at the same time, their clinical values 
remain to be further elucidated. Thus, stem cell therapy 
has become one of the most promising areas for ONFH.

Additionally, in cluster 2, these keywords with relatively 
latest AAY, such as exosomes, autophagy, biomarkers, 
osteogenic differentiation, microRNAs, steroid-induced 
osteonecrosis, and mesenchymal stem cells, may have 
great potential to be hot topics in the near future. For 
example, miRNAs are small non-coding RNAs that 
broadly regulate gene expression by specifically bind-
ing to complementary sequences in the 3’‐untranslated 
regions of their target RNAs. In recent years, the field of 
miRNAs has been emerged as a focus of ONFH research, 
and has received extensive attention from researchers 
in China and other countries [33]. Some scholars have 
used the microarray method to compare miRNA expres-
sion in patients with ONFH and in patients with femoral 
neck fracture. Of the 17 miRNAs identified with differen-
tial expression, 12 were up-regulated and 5 were down-
regulated, suggesting that aberrant miRNAs expression 
might be involved in the pathogenesis of ONFH, and 
thus become diagnostic markers for ONFH [36]. Addi-
tionally, accumulating evidence demonstrated that mul-
tiple miRNAs could act as novel therapeutic targets for 
the prevention and treatment of ONFH by regulating 
osteogenic and adipogenic differentiation in MSCs [33, 
35]. In terms of steroid-induced osteonecrosis, it is worth 
emphasizing that as the ongoing spread of coronavirus 
disease 2019 (COVID-19) globally, despite great strides 
in management, corticosteroids remain the mainstay for 
the treatment of moderate to severe acute respiratory 
syndrome (SARS), and with it arises challenges such as 
steroid-induced ONFH, especially in patients with the 
long-term or high doses use [37]. Some scholars have 
noted the potential risk and called for judicious use of 

corticosteroids in COVID-19 patients, particularly not 
recommended for routine use [38]. Aside from cluster 
2, several topics with relatively latest AAY in other clus-
ters including double-blind [39], early-stage osteonecro-
sis [40, 41], and asymptomatic osteonecrosis [42] also 
deserve further attention.

Limitation
Despite the rigorous bibliometric analysis of this study, 
there were still several inevitable shortcomings. For 
example, we only analyzed bibliometric data from 
WOSCC database, which potentially missed several rel-
evant publications reported in other databases, such as 
Scopus and PubMed [43]. Moreover, in consideration of 
only English publications in the study, it is unavoidable 
that several important publications in non-English lan-
guage were omitted. As for the keyword clustering analy-
sis, it might not be appropriate to combine the keywords 
with the same meaning into one node as different key-
words might belong to clinical or basic research, respec-
tively. And finally, the latest publications in 2021 were not 
incorporated since they lack sufficient time to accumu-
late considerable citations, which might in part affect our 
conclusions due to the rapid updating of research hot-
spots and frontiers.

Conclusion
Overall, the ascending trend in the annual number of 
publications indicates that ONFH has attracted a great 
deal of interest from researchers worldwide, especially 
in the last 10 years. China, the USA, and Japan were the 
major contributors. And part of the discrepancy in the 
quantity of publications across different countries can be 
explained by the factors of economy or population. The 
most prolific institution was Shanghai Jiao Tong Univer-
sity. Professor Zhang CQ and Mont MA were the most 
influential authors with the highest number of publica-
tions and citations, respectively. According to keywords 
analysis, all the selected  keywords could be catego-
rized into four major clusters. Stem cell therapy-related 
research has been recognized as an important research 
hotspot in this field. It is recommended to pay more 
attention to these topics including exosomes, autophagy, 
biomarkers, osteogenic differentiation, microRNAs, 
steroid-induced osteonecrosis, mesenchymal stem cells, 
double-blind, early-stage osteonecrosis, and asympto-
matic osteonecrosis, which have great potential to con-
tinue to be the research focuses in the near future.
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