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Abstract. - OBJECTIVE: Previous trials
demonstrated the effectiveness of exercise in
improving pain and functional impairment in pa-
tients with knee osteoarthritis (KOA). However, a
bibliometric analysis of top-cited papers on ex-
ercise treatment for KOA has not yet been con-
ducted. The aim of the present study was to crit-
ically analyze the bibliometric characteristics of
the most frequently cited articles on exercise
treatment for KOA.

MATERIALS AND METHODS: Publications
about exercise treatment for KOA from 2000 to
2021 were searched from the Web of Science
database. Two authors independently collect-
ed 100 top-cited articles, and a consensus was
reached to form the final list. The title, jour-
nal, author, year of publication, country and in-
stitution of origin, total citations, citations in
2021, main topics, research nature, and level of
evidence were extracted, and the publication
trends in exercise treatment for KOA were eval-
uated.

RESULTS: A total of 1,258 papers were re-
trieved from the database. According to the final
list, clinical research accounted for 81% of the
studies, but no statistical difference in the num-
ber of citations was found among the four types
of articles (p=0.194). Seventy articles had a lev-
el of evidence of Ib, and no statistical differenc-
es in citations were found per level of evidence
(p=0.767). Most of the top-cited articles were
published between 2005-2014, and Dr Messier
was the prominent writer in this field.

CONCLUSIONS: This bibliometric study is
the first to identify the most cited papers in exer-
cise treatment for KOA research. Traditional Chi-
nese exercise, comorbidity, and exercise adher-
ence may be the next popular research trends
that will receive more attention in the future.
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Introduction

Osteoarthritis (OA) is the failure to repair joint
damage caused by stress or abnormalities in any
joint or periarticular tissue'. Globally, more than
240 million people suffer from OA?. The knee
is the common joint affected, and more than 9.3
million adults (age > 45 years) in the US suf-
fer from knee osteoarthritis (KOA)*>. KOA costs
medical resources® and increases the mortality
rate of patients®. It is a major economic burden
because it reduces the quality of life of patients>*
and the direct cost of KOA to a patient’s life is
estimated to be $129,600°. Numerous specialists
and researchers have endeavored to give new
insights into KOA™®. A large number of articles
have been issued annually to identify the etiol-
ogy, determine the risk factors, or explore the
treatment methods. The treatments recommend-
ed by guidelines’'? include nonpharmacological
therapies (exercise, education, and weight loss),
anti-inflammatory agents, intra-articular injec-
tions, pharmacological therapy, and surgery. In-
ternational evidence-based guidelines strongly
recommend exercise, education, and weight loss
as the core components of conservative KOA
treatment'?. Many randomized controlled clinical
trials have demonstrated the effectiveness of ex-
ercise in improving pain and functional impair-
ment in patients with KOA'*-'* and exercise is be-
coming increasingly popular in KOA treatment.
These articles have made considerable progres-
sions in exercise for KOA. But meanwhile, they
make it difficult for investigators to gather critical
information. Thus, to identify those high-impact
articles on exercise for KOA is of much concern.

The advent of the Internet has dramatically
changed the way academic journals are published
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and the way readers access and read them'®. The
professional academic publication has grown ex-
ponentially in the last decade”. Bibliometrics is
the process of extracting measurable data through
the statistical analysis of published research stud-
ies and how the knowledge within a publication
is used®. An important method in bibliometrics
is citation analysis'. The number of citations re-
flects the influence of an article in its particular
field, and articles with high citations may be the
basis of research in the field*’. Analysis of top-cit-
ed studies helps understand the current achieve-
ment and guides researchers toward the direction
of development of the field*'.

Analysis of top-cited articles has been used
in different fields, including cancer®, emotion®,
surgery®*, and erosive tooth wear®. However, the
number of top-cited articles on exercise therapy
is small and there is no top-cited analysis of the
exercise for KOA research. Intend to bridge this
gap, we conducted a bibliometric analysis to
identify and describe the top-cited articles about
exercise for KOA and explore the reasons for their
successful citation, which may help researchers
in publishing and collaborating on their papers.

Materials and Methods

One-hundred top-cited published articles on
exercise for KOA were identified on January
23, 2022, from the Web of Science (WOS) Core
Collection. Our retrieval strategy was as follows:
TI = (“knee osteoarthritides” OR “knee osteoar-
thritis” OR “osteoarthritis of knee” OR “osteoar-
thritis of the knee” OR “KOA”) and T1 = (exercise
OR train OR training OR physical activity OR
physical activities OR strength OR endurance
OR resistance OR stability OR “walk*” OR “Tai
Chi” OR yoga OR “motor control” OR “core
control” OR “stretch*” OR “run*” OR “muscle
energy technique” OR “Pilates*” OR “McKenzie
therapy” OR “Williams gymnastics” OR hydro-
therapy OR “water sports” OR “kinesitherapy”).
The literature search was limited to original
and review articles. Conference papers, letters,
editorials, comments, and books were excluded.
The search was limited to the time span between
2000 and 2021 with no restrictions on language
or funding support. Articles were included only
if the primary intervention was exercise for treat-
ing KOA. Whereas those articles were excluded
where primary intervention was not exercise or
the condition treated was other than KOA.
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Two of our authors (Zihan Y. and Zhengyu H.)
completed the search independently, filtered the
articles by title and abstract, and listed their top-
100 initial literature. Comparison revealed a 4%
discrepancy between the two authors’ lists. A con-
sensus was reached to form the final top-100 list
through discussion with a third author (Yubao M).

The volume of citations, as an objective indi-
cator, is not an absolute measure of the quality of
the paper, but it reflects the impact of the paper in
the scientific community. High-quality research
will generate more citations than low-quality re-
search?. The articles were ranked on the basis of
a total number of citations. For each study select-
ed in the top-100 list, relevant data including title,
journal, first and corresponding authors, publica-
tion year, country and institution of origin, total
citations, citations in 2021, and main topics was
tabulated.

These articles were classified into four catego-
ries: (1) clinical research, (2) review article, (3)
observational study, and (4) basic research. The
level of evidence of the articles was also classi-
fied according to the 2009 revised Oxford (UK)
Center for Evidence-Based Medicine Levels of
Evidence (Table I). We explored the correlation
between year of publication and citations. The
differences in the number of citations for differ-
ent types and levels of evidence of articles were
also explored. Journal information was obtained
from the ISI Journal Citation Reports (2021) and
journals with 3 or more articles within the top-
100 list were included in the top-sources list.
Authors with 2 or more publications in top-100
articles were selected as leading authors. By us-
ing statistics extracted via WOS search, studies
were charted out on the basis of country and insti-
tution of origin. These quantitative indicators will
provide a snippet on bibliometric trends, focus
and shortcomings in exercise for KOA research
and it will define the future goals (direction of
funding) to improve the chances of development
within the field.

Statistical Analysis

Excel 2019 and SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA) were used in the statistical
analysis of the collected data. Shapiro-Wilk’s test
was applied to test the normality of the distribu-
tion of individual variables. Normally distributed
data were presented as mean and standard devia-
tion, and skewed data were presented as median
and range. All p-values were two tailed, and
p=<0.05 was considered statistically significant.
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Table I. Shortened depiction of Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence.

Level Rating criteria
1 Ia Evidence obtained from a systematic review of relevant randomized controlled trials
(including meta-analysis).

Ib Evidence obtained from at least one properly designed randomized, controlled trial.

11 Ila Evidence obtained from at least one well-designed controlled trial without randomization.
1Ib Evidence obtained from one well-designed, pseudo-experimental trial.

111 Evidence obtained from a well-designed, non-experimental descriptive trial.

v Evidence obtained from case reports, expert opinion, consensus conference.
Ib Evidence obtained from at least one properly designed randomized, controlled trial.

11 Ila Evidence obtained from at least one well-designed controlled trial without randomization.
1Ib Evidence obtained from one well-designed, pseudo-experimental trial.

I Evidence obtained from a well-designed, non-experimental descriptive trial.

v Evidence obtained from case reports, expert opinion, consensus conference.

One-way ANOVA was used to test for differences
in normally distributed data, and Kruskal-Wallis’
test was used for skewed data. Spearman rank
correlation was employed to test for correlations
among nonparametric variables. This paper is
a pooled study of previous works; therefore, an
ethical review was not necessary.

Results

Most-Cited Articles, Types of Articles,
and Level of Evidence

A total of 1,258 articles were retrieved from
WOS and ranked according to their number of
citations. The 100 top-cited articles are listed in
Supplementary Table 1. The number of articles
cited ranged from 41 to 677. Among them, 11%
were cited at least 200 times, and 5% were cited
by more than 300 times. Although no language
restriction was applied, all the included articles
are published in English.

The 100 top-cited articles comprised 81 clinical
research, 14 review articles, 2 observational re-
search articles, and 3 basic research articles (Table

Table Il. Citations per type of article.

II). Differences in citations were explored among
the different types of articles. The result showed
no statistical differences in citations (Kruskal-Wa-
lis test, p=0.194, clinical research: median=78
[42-677], review article: median=130 [41-337],
observational study: median=96 [73-119], basic
research: median=47 [45-80]; (Figure 1).

Differences in citations among different lev-
els of evidence were also explored. Most of the
articles had a level of evidence of Ib [n=70;
median=78 (41-677)], followed by la (n=13;
median=113 [41-272]), 1la [n=7, median= 91
(42-233)], III [n=5, median=81 [67-119)], and
IV (n=2, median= 200); (Table 111, Figure 2).
However, no statistical differences in citations
were found per level of evidence (Kruskal-Wa-
lis test, p=0.767).

Journals in Which the Top 100 Articles
Were Published

The 100 top-cited articles were published in 43
journals. The journals that published more than
three articles are listed in Table IV with their im-
pact factors, country, and category. Arthritis Care
& Research (USA, n=14), Journal of Rheumatol-

Citations per type of article

Number Range Mean (= SD) Median (Q25/Q75) pP*
Clinical research (Grl) 81 42/677 107.8 (= 97.7) 78 (54/115.5) p=0.194
Review article (Gr2) 14 41/337 141.9 (+ 93.8) 130 (61/198)
Observational Study (Gr3) 2 73/119 96 (+32.5) 96
Basic research (Gr4) 3 45/80 57.3 (1 9.7) 47
Total 100 41/677 110.8 (£ 95.5) 79.5 (54/118.8)

*Kruskal-Wallis’ test.
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Figure 1. Citations according to the type of article.

ogy (Canada, n=7), Osteoarthritis and Cartilage
(UK, n=7), and Physical Therapy (USA, n=7)
were the most prominent journals and contributed
35% of the 100 top-cited articles. British Medi-
cal Journal (BMJ) from the UK had the highest
impact factor (39.89). For the Journal Citation
Reports (JCR) categories, in which these journals
are indexed (they can be classified in more than
one category), most of the journals belong to the
Rheumatology, Orthopedics, and Rehabilitation
category and were founded in the USA and UK
in the last century.

Publication Year

Most of the articles were published between
2005-2014 (n=70). The articles published in 2003
had the highest average citations (average=604),
and the articles published in 2000 accumulat-
ed the largest number of citations (total=1681),
(Figure 3). The total citations increased as time
went by (r=—0.491, p<0.001, Spearman’s correla-
tion), (Figure 4). Based on the citations in 2021,
the authors preferred to cite relatively new arti-
cles, and the correlation was statistically signifi-
cant (r=0.471, p<0.001, Spearman’s correlation),
(Figure 5).

Table Ill. Citations per type of article.
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Figure 2. Citations according to the level of evidence.
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Authors, Country, and
Institution of Origin

Among the 100 top-cited articles, 14 authors
had multiple first authorships, and 14 authors
had multiple corresponding authorships, many of
whom are both. For example, we found out that
Dr Messier from Wake Forest University (USA)
has four first authorships and four corresponding
authorships. Table V lists the information of the
top authors with more than one top cited article.

With regard to the authors’ affiliation, only
the corresponding author was considered. The
100 authors belonged to 74 institutions from 18
different countries/regions, with a greater par-
ticipation from the USA (n=31), followed by
UK (n=10), China (n=9), Netherlands (n=8), and
Denmark (n=8) (Figure 6). The USA led the
research on exercise for KOA. Four institutions
contributed more than two papers. The institution
with the largest contribution was Wake Forest
University (USA, n=6). Netherlands Institute for
Health Services Research (Netherlands) appeared
second with four papers, and Spenshult Hospital
(Sweden) and Nottingham University Hospitals
(UK) contributed three papers each. The major
institutions are listed in Table VI.

Citations per type of article
Number Range Mean (= SD) Median (Q25/Q75) pP*
Clinical research (Grl) 81 42/677 107.8 (= 97.7) 78 (54/115.5) p=0.194
Review article (Gr2) 14 41/337 141.9 (+ 93.8) 130 (61/198)
Observational Study (Gr3) 2 73/119 96 (+ 32.5) 96
Basic research (Gr4) 3 45/80 57.3 (= 19.7) 47
Total 100 41/677 110.8 (£ 95.5) 79.5 (54/118.8)

*Kruskal-Wallis’ test.
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Table IV. Journals in which the 100 most-cited articles were published.

Journal Number IFs Country Category
Arthritis care & Research 14 5.178 USA Rheumatology
Journal of rheumatology 7 5.346 Canada Rheumatology
Osteoarthritis and cartilage 7 7.507 UK Orthopedics
Physical therapy 7 3.14 USA Orthopedics
Clinical rehabilitation 6 2.884 USA Rehabilitation
Archives of physical medicine and rehabilitation 5 4.06 USA Rheumatology
Rheumatology 4 7.046 UK Rheumatology
BMC Musculoskeletal disorders 4 2.562 UK Rheumatology
BMJ-British Medical Journal 3 93.333 UK General & Internal

2019 INNNEI000WND:B
2018 INNGHE00N0I64
2017 N2ESNI0074
2016 IEENZI030:21
2015 ESENNSIO30W178
2014 NS0 8.05
2013 INENNNZ4.0202.41
2012 N7ENNN3:830'2.68
2011 40T 101000 4.04
2010 2O 8.48
2009 OIS E0 7.6
2008 NG E0NN T 749
2007 IENIONEIE00NNTTES
2006 IEEEEEEZ0Z00—— 8.08
2005 IENIONEN2300423
2004 EEETIEe00T . 5.67
2003 I e o e
2002 NSS40 727
2001 IEEEEEES00— 10.5
2000 EEEE S O 16.81
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Figure 3. Annual number of publications, average citations and total citations.
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Figure 4. Overall citations since publication. Figure 5. Citations in 2021.
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Table V. Authors with more than one of top cited articles.

First author Number Corresponding author Number
Messier SP 4 Messier SP 4
Pisters MF 3 Pisters MF 3
Abbott JH 2 Abbott JH 2
Bennell KL 2 Bennell KL 2
Deyle GD 2 Deyle GD 2
Fitzgerald GK 2 Fitzgerald GK 2
Focht BC 2 Focht BC 2
Henriksen M 2 Henriksen M 2
Jan MH 2 Jan MH 2
Lin DH 2 Lin DH 2
Roddy E 2 Roddy E 2
Thorstensson CA 2 Thorstensson CA 2
Wang CC 2 Wang CC 2
Wang TJ 2 Wang TJ 2

Discussion eligible articles were retrieved, the articles were

Hip OA and KOA are one of the leading caus-
es of global disability. With the increase in the
world’s aging and obese populations, the pressure
on the health care system of various countries
will continue to increase. Among the 291 dis-
eases studied by the GBD 2010 study®’, hip OA
and KOA ranked as the 11" largest contributor
to global disability in 2010. International evi-
dence-based guidelines recommend exercise as
the core of conservative treatment for KOA'?. The
present bibliometric study analyzed the highly
cited literatures on KOA exercise therapy pub-
lished in the past two decades. A total of 1,258

screened to obtain the top 100 cited articles,
and bibliometric indicators (title, journal, first
and corresponding authors, year of publication,
country and institution of origin, total citations,
citations in 2021, research nature, and level of
evidence) were extracted.

The number of citations of an article is related
to the impact of the article over time but not to the
quality of the article®. Even the most cited papers
were not cited when they were first published?.
As time passes and old knowledge is replaced by
new knowledge, these so-called “classics” also
lose their luster and decrease in citations, and
the citations of new articles increase (= 0.471,

o

N >20 W 10-15

© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, TomTom, Wikipedia

1-5

Figure 6. World map of total country output.
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Table VI. Institutions with more than two of the top 100
cited articles.

Institution Number
Wake Forest University (USA) 6
Netherlands Institute for 4
Health Services Research (Netherlands)
Spenshult Hospital (Sweden) 3
Nottingham University Hospitals (UK) 3

p<0.001, Spearman’s correlation), (Figure 4).
Similar to other papers®*¥, the total citations in-
crease over time (7= —0.491, p<0.001, Spearman’s
correlation), (Figure 5). Notably, the knowledge
in this field is updated every day, and the number
of new articles is also increasing rapidly. As a
result, some of the newly published articles in the
table should also attract our attention as they may
become highly cited articles in the future. Similar
to other areas of research®-', the main country
of origin of the 100 top-cited articles is the USA,
which may be related to the population and strong
research funding. KOA has a high incidence
in the United States, and more than 9.3 million
adults (age > 45 years) in the USA suffer from
KOA®. However, the populations of different
countries vary widely and may cause some bias.

The majority of articles were published in jour-
nals from the UK and the USA. The articles pub-
lished in American journals are more inclined to
cite local journals, and articles published in British
journals are more inclined to cite articles from
British journals. The reason is that in the field of
KOA, journals from the two countries rank high,
and high-level articles are expected to appear in
these journals to improve their influence. In turn,
the publication of excellent articles helps journals
to maintain a leading position in this field. Arthri-
tis Care & Research (USA), Journal of Rheumatol-
ogy (Canada), Osteoarthritis and Cartilage (UK),
and Physical Therapy (USA) are four professional
journals that focus on OA, and they contributed
35% of the top 100 articles.

Similar to other articles, universities are the
main contributors in the study of exercise treat-
ment for KOA with 65 articles published. Pres-
tigious hospitals and rehabilitation centers also
contributed 35 articles owing to the universality of
KOA in clinical practice. Wake Forest University
form the USA contributed six top-cited articles.

Unlike the previous bibliometric reports®, the
100 top-cited articles on KOA and exercise con-
sisted of works with high level of evidence; 87%
of them belong to Ia and Ib, which may be related

to the inclusion criteria. This finding suggests
that researchers have a strong interest in explor-
ing the therapeutic effects of exercise treatment
for KOA, and these articles are highly instructive
in clinical practice.

The two most productive authors in this study are
Messier from Wake Forest University and Pisters
from NIVEL. Messier, with four first authorships
and four corresponding authorships, is a respected
and highly productive sports medicine specialist
who has achieved great success in the field of OA
and exercise research. He has participated in 104
published articles on OA, physical exercise, and
obesity, which is a tremendous contribution to the
field of OA. His article “Exercise and dietary weight
loss in overweight and obese older adults with knee
osteoarthritis - The arthritis, diet, and activity pro-
motion trial” (2004)* was published in Arthritis
& Rheumatism and has been cited 677 times. It
is an 18-month randomized, single-blind clinical
trial. The results show that moderate weight loss
combined with moderate exercise, compared with
single intervention, can better improve the func-
tion, pain, and action ability of elderly overweight
patients with KOA. The two authors, as first and/
or corresponding author, published 10 highly cited
articles with a total of 1,913 citations, which account
for 17% of the total citations. This finding highlights
the fact that few authors can make remarkable con-
tributions to a specific research field*.

The most cited articles in the top 100 list in
2021 were analyzed to identify some topics wor-
thy of our current research attention and guide
future research directions. Multiple exercises,
which integrate warm-up exercise, aerobic ex-
ercise, lower limb resistance exercise, and cool-
down exercise, is the most popular among KOA
exercise therapy'**37. More than a quarter of
the top cited articles conducted intervention ex-
periments with multiple exercises. This finding
suggests that multiple exercises are the hotspot of
exercise therapy for KOA.

Traditional Chinese exercises, such as Tai
Chi*®* and Baduanjin**%, which are popular
among Chinese folk, seem to be attracting in-
creasing research attention. Tai Chi is a tradi-
tional Chinese mind-body exercise that enhances
balance, strength, flexibility, and self-efficacy
and reduces pain, depression, and anxiety*’. Bad-
uanjin has a great emphasis on mind-body inte-
gration; slow body movements along with muscu-
loskeletal stretching should be coordinated with
deep breathing, physical relaxation, and mental
concentration, leading to a deep state of medita-
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tive therapy*®. Compared with Tai Chi, Baduanjin
is easier to learn, because it only comprises eight
movements. It can be independently practised at
home or in the workplace and seems to have more
room to research now. In addition, many other
traditional Chinese skills, such as Wugqinxi, Liuz-
the popularity of traditional Chinese exercise is
low in countries other than China, and it can be
a potential research direction to extend it to the
world and observe its therapeutic effects on dif-
ferent races. This intervention requires systemat-
ic guidance from professional teachers.

In clinical practice, physicians often exclude ex-
ercise therapy from treatment prescriptions because
of comorbidity*”. Therapists may be concerned about
exacerbating comorbidity symptoms because of ex-
ercise. Even if exercise is scheduled, it will be at
such a reduced intensity that it will not be effective
in achieving the therapeutic benefits of exercise™.
Unfortunately, most patients with KOA have multiple
comorbidities, such as cardiovascular diseases, type 2
diabetes mellitus, chronic obstructive pulmonary dis-
ease (COPD), obesity, and depression®+2, Comorbid-
ities may limit exercise tolerance to some extent; for
example, comorbid heart failure or COPD may limit
exercise capacity and even lead to exercise-induced
adverse effects®. Thus, exploring how to use exercise
to treat KOA with different comorbidities safely and
efficiently is a promising strategy considering the
complexity of comorbidities.

These results™**® show that exercise adher-
ence is very important for the treatment of KOA
by exercise therapy. Exercise intervention needs
more patience owing to the long course of KOA.
As exercise adherence will decline over time, the
treatment effect of exercise therapy will deterio-
rate®. Nicolson®” proposed that graded exercise
should be carried out for patients with KOA to
improve exercise adherence. Messier™® introduced
how to improve the adherence of subjects, which
is the key to the success of the experiment and
treatment. Future research should focus on how
to stimulate patients with KOA to maintain an
exercise behavior for a long time®.

The treatment of KOA is complex, and the
therapeutic effect of exercise alone may not be
ideal. Therefore, multidisciplinary cooperation
is needed to improve its treatment effect. Some
authors proposed the use of other treatments,
such as ultrasound®, acupuncture®®s!, low-level
laser®®, and intra-articular drug injections®**’,
in combination with exercise for KOA. In clinical
practice, many therapeutic methods, such as Chi-

2196

nese herbal treatment®®, can be combined with ex-
ercise therapy to explore their therapeutic effect.

Limitations

This citation analysis has some limitations.
First of all, data retrieval was limited to WOS.
Some common databases, such as Google and
Scopus, are not included in WOS; therefore, this
study may lack citations. The reliance on filtering
for articles and reviews in WOS can be justified
by findings from a recent study® that showed that
WOS is more accurate than alternatives such as
Scopus. Second, as time goes on, especially with
the rapid development of science and technology,
some citation classics may not be as important
or may even be eliminated. Therefore, we should
take an objective attitude towards these articles.
The articles in the top 100 list were published be-
fore 2019. Therefore, they cannot reflect the latest
research results. Third, we searched the database
according to title. Hence, some articles without
the target keyword in the title might have been
omitted. Finally, only the first author and corre-
sponding author were considered in the analyses
of authors and countries. The main reason for this
selection was to make the results more intuitive,
because they usually contribute the most to the
article, but some bias may occur.

Conclusions

Citation analysis remains one of the best tools to
quantify the impact of an article. This bibliometric
study is the first to identify the most cited papers
on exercise treatment for KOA research. Tradition-
al Chinese exercise, comorbidity, and adherence
may be the next popular research trends that will
receive more attention in the future.
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