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Background: Low back pain (LBP) is a highly prevalent musculoskeletal disorder that
contributes to the greatest degree of disability worldwide. It has become a very serious public
health problem that has attracted considerable research interest. The number of publications
associated with LBP and physical activity (PA) is gradually increasing. Nevertheless, few
studies have utilised visualisation in analysing the general aspects of this field. Therefore, we
aimed to provide a systematic overview of global scientific research related to low back pain
and physical activity from 2000 to 2020. It has significant benefits in terms of providing
researchers with the status and trends of research on low back pain and physical activity.
Methods: Publications on Science Citation Index-Expanded of Web of Science from 2000
to 2020 were searched, and publications relevant to LBP and PA were analysed using
Citespace and SPSS. Analyses mainly included cooperation amongst authors, countries and
institutions; co-occurrence analysis of keywords; and co-citation analysis of references,
revealing productive researchers and contributing institutions tracking the status and trend
of research fields.

Results: Results of linear regression analysis showed that the number of publications on
LBP and PA studies increased significantly (p<0.001). The subject categories predomi-
nantly focused on orthopaedics (2579, 26.54%), rehabilitation (2544, 26.18%) and sport
sciences (2015, 25.44%). The United States had the highest number of published papers
(2700, 27.789%) and citations (86, 958). In terms of the number of publications, amongst
the top 20 journals, Spine contributed the most, whilst the British Journal of Sports
Medicine had the highest impact factor (IF,p;9, 12.022). The University of Sydney had
the highest number of publications (330 publications). Maher published the most papers
(123 papers) and had the highest H-index (41). Several citation articles and keywords
(such as aerobic, obesity and fear-avoidance beliefs) can be used to provide frontier clues
for research on LBP and PA.

Conclusion: The results of our study may provide information, such as research trends and
frontiers of research and collaborating partners, institutions and countries, on LBP and PA.
Keywords: low back pain, physical activity, research trends, Web of Science

Introduction

The definition of low back pain (LBP) depends on the location of the pain, and
LBP is
a musculoskeletal disorder that contributes to the greatest degree of disability
worldwide.?* About 84% of individuals are expected to suffer from LBP.* LBP is
a very common condition for all generations. It can be experienced by the elderly

the pain is typically located in the lower costal margins and hip creases.'

and children.” LBP is currently one of the prime reasons for disability worldwide.
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For patients with LBP, only a minority of them are able
to identify the cause of lower back pain.® The relevant
social and economic impact of LBP is similar to that of
other common costly diseases, such as cardiovascular
diseases, immunological diseases, cancer and mental
health-related diseases.” Individuals who suffer from
low back pain may have a wide range of problems -
physical, psychological, physiological and so on.®
People who have previously had LBP episodes have
increased risk of LBP recurrence. The majority of the
population with LBP have low levels of disability, result-
ing in a very high societal burden.’

Physical activity (PA) can be classified as recreational
and non-recreational PA (occupational, transport and
household). PA is mainly related to frequency, intensity
and duration. These factors play different roles in varying
behaviour settings (domains).'” Observational and inter-
ventional studies proved positive effects of PA for dia-
betes, hypertension, cancer (especially breast and colon
cancer), osteoporosis, cardiovascular disease, obesity and
depression. They may also decrease and lengthen life span
and morbidity for various reasons.'' The advantages of PA
are significant to an individual’s social, psychological and
biological health.'*!* PA has various correlations in dif-
ferent fields.'*'> For example, PA is one of the recom-
mended methods for treating LBP.'® Nevertheless,
guidelines do not mention which types and intensities of
PA are needed for LBP.!” Moreover, the occurrence of
LBP episodes or development of persistent LBP is asso-
ciated with low-intensity PA, which may be related to poor
physical condition, although independent associations
remain uncertain.'® The reason for this is partially because
of the poor lifestyle choices of people nowadays, such as
sedentary behaviour or lack of PA.'>°

Bibliometric research is a method for quantitatively
analysing a scientific movement explicitly, including the
links amongst states, journals, institutions and authors; this
method involves mathematical and statistical methods.”'
Using this method, researchers can probe into the trends of
research and understand research hotspots better. In recent
years, studies on LBP and PA have increased. By present-
ing numerous data in the form of knowledge maps, analys-
ing the course of development of discipline and frontier
trends in this field can provide valuable information for
researchers. In addition, the results can be used in future
research and decision-making.?*** Bibliometric research
is broadly applied in determining trends in future scientific
research and conducting quantitative analyses of published

research.”** In the last decade, bibliometric analysis has
been widely used to analyse scientific research in various
fields, such as periodontology,”® medical research,”’ func-
tional near-infrared spectroscopy®® and PA research.”’
Although several studies around the world have investi-
gated LBP and PA, few have used bibliometrics.

CiteSpace V is a software based on Java, which visua-
lises the information for bibliometric analysis.”’ We con-
ducted bibliometric research on the Web of Science Core
Collection (WoSCC) wusing CiteSpace V (Drexel
University, Philadelphia, PA, USA), which is a tool that
is often used to evaluate research trends in certain fields
around the world.>' This global study of LBP and PA
includes the number of papers published, relationships
and symbiosis between authors and countries, co-citation
analysis of references and keyword-related hot spots. To
resolve the lack of quantitative analysis of research on
LBP and PA, the present study aimed to provide
a systematic overview of global scientific research in this
domain from 2000 to 2020.

Methods

Sources of Data

All data were obtained from the Web of Science electronic
databases. We searched for publications related to LBP
and PA reported over the period of 2000-2020 and down-
loaded them from WoSCC. The retrieval strategy was as
follows: TS = (“low back pain” OR “lower back pain” OR
“LBP”) AND (“motor activity” OR “exercise” OR “phy-
sical activity” OR “walking” OR “sport” OR “leisure-time
activity” OR “recreation”).>'® Document types and subject
categories were not restricted. The data search was con-
ducted on 10 February 2021. To prevent any latent devia-
tion, the data were retrieved within 1 day as the database
was updated daily.

Data Extraction

The publications were extracted by two authors
(Wangwang Yan and Yanling Yu). Relevant data, includ-

ing the number of publications, citations, journals, refer-

ences, countries, institutions and keywords, were
extracted, recorded and analysed as bibliometric
indicators.

Analysis of Bibliometric and Statistical
As a superior scientometric analysis tool, CiteSpace V was
used to conduct statistical analyses on the literature.
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A variety of bibliometric parameters, such as publication
number of journals, institutions, countries,’**? H-index,**

impact factors and co-cited references,**>

can measure
prolific excellent individuals or groups, and identified pos-
sible partnerships among researchers in the field of LBP
and PA. Co-citation relationships indicate keyword or
reference cited frequently for a period of time. Co-
occurrence burst demonstrate keyword or reference occurs
frequently over a period of time. These parameters high-
lighted the main interest of this study field.>> These con-
cepts can help us to identify research frontiers because
they manifested researchers have considerable focus on
these aspects in a certain period.*®

The number of publications and the year they were
published were analysed by linear regression analysis
using IBM statistical package (SPSS 23.0). The time per-
iod was set as the independent variable, and the number of
annual publications was set as the dependent variable to
assess whether the citations significantly increased over
time. The correlation between the number of publications
and their impact factors (IFs) was calculated by Pearson’s

correlation analysis.

Results

Publication Outputs

We selected 9716 papers that met our inclusion criteria
from 2000 to 2020. During this period, the general trend
of publications on LBP and PA research increased from
139 in 2000 to 852 in 2020 (Figure 1A). As time
passed, the number of articles related to LBP and PA
showed a gradual increase. The results of linear regres-
sion analyses also suggested a marked increase of arti-
cles over time in the last 20 years or so (R? = 0.994,
P < 0.001). The LOESS fit to the scatter plot is shown
in Figure 1B.

On the whole, 9716 publications were cited 265,267
times. In general, 1015, 1872, 2747 and 3667 relative
research articles were published during 2001-2005,
2006-2010, 2011-2015 and 20162020, respectively
(Figure 2). The period from 2001 to 2005 had the most
citations per paper (64.77), and that from 2006 to 2010 had
the highest value of citations (89,960) and h-index (127).
Most documents published from 2016 to 2020 (3667)
included open access papers (1832). A steady development
trend was observed, and it barely increased, with the

average annual publication being 465.05.

Types of Literature

There were 12 literature types about research on LBP
and PA (Table 1). A total of 7951 papers were written
as article papers, accounting for 81.834% of all pub-
lished papers. Amongst them, ‘Murray et al, JAMA.
2013’ was the most cited article, which had an IF of
45.54. The study described the health statement of the
United States and made a comparison of US health
outcomes in 34 Organisations for Economic Co-
operation and Development countries. In this study,
the statistical analysis method of epidemiological
description about 187 countries identified 291 diseases
and injuries, 1160 sequelae of these diseases and inju-
ries and 67 risk factors for the Global Burden of
Disease 2010 study from 1990 to 2010.%° The study
found that LBP had the largest number of years living
with disability in 2010.

The second type of literature was review (12.175%).
‘Chou et al, Ann Intern Med. 2007’ was the most cited
article, which was published in Annals of Internal
Medicine (IF,919, 21.317). The review recommended
seven suggestions in accordance with the clinical diagno-
sis and treatment of LBP.*’

Subject Categories of Web of Science
Amongst the 9716 papers, there were 100 subject cate-
gories of LBP and PA research in Web of Science.
Amongst the top 10 subject categories (Figure 3), ortho-
paedics was the largest category, including 2579 papers,
based on the number of publications and citations
(Table 2). At the same time, clinical neurology had the
highest h-index (132).

Distribution of Journals

The 9716 papers on LBP and PA research were published
in 742 journals. The top 20 journals are listed in Table 3
and Figure 4. These journals accounted for 38.21% (3713)
of all publications. Spain contributed the most publications
(554) and had the maximum number of citations per paper
(178.88). BMC Musculoskeletal Disorders had the most
open access papers (292).

On the basis of the IFs, the top three journals were
British Journal of Sports Medicine (IF5q19, 12.022),
Pain (IF5019, 5.483) and Journal of Orthopaedic Sports
Physical Therapy (IF,p19, 3.839). These journals with
high IFs have an important influence on research on
LBP and PA. Pearson’s correlation analysis showed no
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Figure | Publication outputs and time trend. (A) Output and growth trends of publications on low back pain and physical activity research from 2000 to 2020; (B) The
model fitting of time trend of publications (the blue area represents the 95% confidence interval).
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Figure 2 The number of papers, citations, citations per paper, open access papers, and H-index of every five years.

statistical correlation between publications and IFs
(r = —0.146, P = 0.529).

Distribution of Countries and Institutions
All articles related to LBP and PA research came from
63 countries. The United States had the maximum num-
ber of publications (2700), citations (86,958) and open
access papers (1043), followed by Australia (1126 pub-
lications), England (888 publications) and Canada (821
publications; Table 4). Meaningful messages are pro-
vided by a co-occurrence map, which helps researchers
identify cooperative relationships.*® An intimate partner-
ship was observed between countries and territories. The
top 10 countries are listed in Figure 5. The United
States has close cooperative relations with Austria,
England, Canada and the Netherlands.

Table | Types of Literature on Low Back Pain and Physical
Activity Research from 2000 to 2020

Rank Document Type Counts Percentage (%)
| Article 7951 81.834%
2 Review 1183 12.175%
3 Proceeding’s paper 158 1.626%
4 Editorial material 127 1.307%
5 Meeting abstract 71 0.730%
6 Early access 75 0.771%
7 Letter 58 0.597%
8 Correction 16 0.164%
9 Reprint 8 0.823%
10 Book chapter 4 0.412%
11 News item 3 0.309%
12 Retracted publication 2 0.206%

A total of 5545 institutions participated in LBP- and
PA-related studies. The largest number of publications
(330) was from the University of Sydney, which also had
the largest number of citations (14,716) and open access
papers (152). In terms of citations per citation, Harvard
University ranked first (86.21; Table 5). Figure 6 shows
the close cooperative relationship of institutions in LBP
and PA research.

Distribution of Authors

A total of 17,201 authors contributed up to 9716 papers.
The top 10 high-yield authors are shown in Table 6. The
network of cooperation amongst authors is shown in
Figure 7. Amongst others, Maher published the most
papers with 123 publications, followed by Hodges with
83 publications and Ferreira with 72 publications.
Amongst the top 10 authors ranked based on citation, the
most cited author was Maher (5751), who also had the
highest h-index (41).

The co-citation link occurs between two elements that
are referenced by the same document. Figure 7 shows
several correlative authors who have an important influ-
ence in this field. For this reason, authors working in the
same country or even co-authors of publications will
appear in a bibliographic link.

Analysis of References

A bibliometric study consists of an analysis of refer-
ences. In the analysis of the co-citation display, the
distance between references demonstrates the relation-
ship of these references in terms of co-citation.”® The
most cited papers on LBP and PA research are presented
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Figure 3 The number of papers, citations, citations per paper, open access papers, and H-index of the top 10 subject categories.

in Table 7. “‘Chou et al, Ann Intern Med. 2007’ had the
highest citations (1746, IF 5919 = 21.317), and its cate-
gory ranking was 6/165.

Amongst the top 10 papers, one was obtained in
a journal with an IF > 45 (Journal of the American
Medical Association, IF»g;9 = 45.54),° one in a journal
with 30 < IF < 45 (British Medical Journal),*® three from
the same journal with 10 < IF < 30 (Annals of Internal
Medicine, 1F59;9 = 21.317)37’41’42 and five from journals
with 1 < IF < 10 (European Spine Journal, Scandinavian
Journal of Medicine & Science in Sports, American

Journal of Industrial Manual

4347

Medicine, Therapy,
Spine).
The latest references with the strongest citation burst

are regarded as the basic knowledge at the forefront of

research. As shown in Figure 8, references that contributed
to the sharp increase in citation bursts at the end of 2020
were as follows: Hoy et al (2012), Saragiotto et al (2016),
Steffens et al (2016), Jordan et al (2010), Searle et al
(2015), Kamper et al (2015) and Hoy et al (2014).
Figure 9 shows the timeline view of the co-citation analy-
sis of references. The clusters were named by the keyword
in the cited references. The largest cluster was “aerobic”
(#0), followed by “obesity” (#1) and ‘fear-avoidance
beliefs’ (#2).

Discussion

The present study provides the results of bibliometric
analysis about published studies on LBP and PA over
the past 20 years. A total of 9716 articles were

Table 2 The Top 10 Subject Categories of Web of Science on Low Back Pain and Physical Activity Research from 2000 to 2020

Rank Subject Categories of WoS Papers Citations WoS Open Access H-Index
| Orthopaedics 2579 83,237 1082 122
2 Rehabilitation 2544 56,879 859 101
3 Sport Sciences 2015 52,498 501 100
4 Clinical Neurology 1896 80,910 577 132
5 Medicine General Internal 75 28,606 468 8l
6 Neurosciences 724 28,827 18 88
7 Rheumatology 652 17,376 414 64
8 Anaesthesiology 591 24,914 162 84
9 Public Environment Occupational Health 523 12,982 328 59
10 Health Care Sciences Services 335 7904 134 45

Abbreviation: WoS, Web of Science.
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Table 3 The Top 20 Academic Journals Published on the Association Between Low Back Pain and Physical Activity from 2000 to 2020

Rank | Journal Title Papers | Citations Citations Open IF WS Categories Quartile
WoS per Paper | Access | (2019)

I Spine 554 30,865 55.71 65 2.646 Clinical Neurology; Orthopedics Q2; Q2

2 BMC Musculoskeletal 292 52,229 178.887 292 1.879 Orthopedics; Rheumatology Q3; Q4
Disorders

3 European Spine Journal 262 12,601 48.10 189 2.458 Clinical Neurology; Orthopedics Q3; Q2

4 Journal of Orthopedic Sports | 251 8102 32.28 118 3.839 Orthopedics; Rehabilitation; Sport Sciences Ql; Ql;
Physical Therapy Ql

5 Journal of Back and 229 1315 5.74 10 0.821 Orthopedics; Rehabilitation Q4; Q4
Musculoskeletal
Rehabilitation

6 Manual Therapy 190 8500 44.74 17 2.622 Rehabilitation Ql

7 Physical Therapy 188 6763 35.97 172 3.14 Orthopedics; Rehabilitation Ql; Ql

8 Archives of Physical Medicine | 173 6874 39.73 27 3.098 Rehabilitation; Sport Sciences Ql; Ql
and Rehabilitation

9 Journal of Physical Therapy 167 11.98 7.17 162 0.392 Rehabilitation Q4
Science

10 Spine Journal 160 4311 26.94 36 3.191 Clinical Neurology; Orthopedics Ql; Ql

I Journal of Manipulative and 158 28.48 18.03 20 1.23 Health Care Sciences & Services; Integrative& Q4; Q3;
Physiological Therapeutics Complementary Medicine; Rehabilitation Q3

12 Pain 152 10,952 72.05 37 5.483 Anesthesiology; Clinical Neurology; Ql; Ql;

Neurosciences Ql
13 Clinical Journal of Pain 131 5156 39.36 24 2.893 Anesthesiology; Clinical Neurology Q4; Q3;
14 European Journal of Pain 127 4296 33.83 28 3.492 Anesthesiology; Clinical Neurology; Q2; Ql;
Neurosciences Ql

15 Plos One 126 1685 13.37 126 2.74 Multidisciplinary Sciences Q2

16 Disability and Rehabilitation 102 1432 14.04 I 2.222 Rehabilitation; Rehabilitation Ql; Ql

17 British Journal of Sports 98 38.39 39.17 46 12.022 | Sport Sciences Q2;
Medicine

18 Journal of Electromyography | 96 3287 34.24 9 1.74 Neurosciences; Physiology; Rehabilitation; Sport | Q4; Q3;
and Kinesiology Science Q2; Q3

19% BMJ Open 86 376 437 86 2.496 Medicine; General & Internal Q2; Q2

|19% Clinical Biomechanics 86 2413 28.06 14 1.624 Clinical; Neurology; Q2; Q3

20 Journal of Rehabilitation 85 2640 25.98 6 2.599 Rehabilitation; Sport Sciences Q2; Q2
Medicine

Note: *Indicates a tie for 19th place.
Abbreviations: WoS, Web of Science; IF, impact factor.

published. The most striking growth was between 2006
and 2015. All types of publications were analysed in
this study, including articles (7951, 81.83%), reviews
(1183, 12.18%) and proceeding papers (158, 1.63%).
Most papers were published in the form of original

research papers. On the basis of the subject category
of Web of Science, the fields with the largest publica-
tions were orthopaedics (2579), followed by rehabilita-
tion (2544), (2015) and
neurology (1896).

sport sciences clinical
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Figure 4 The number of papers, citations, citations per paper, open access papers of the top 20 journals.

In terms of the number of published papers, the top
20 journals accounted for 38.21% (3713) of all publica-
tions. The British Journal of Sports Medicine had the
highest IF (IF;919, 12.022). Publications with an IF >
3.000 31.05% of all identified
publications.

accounted for

A total of 5545 institutions participated in publications
related to LBP and PA. On the basis of national and
institutional analyses, three institutions in the United
States (University of Washington, University of Florida
and Harvard University) were included in the top 10.
Australia (University of Sydney and University of
Queensland) and the Netherlands (Vrije Universiteit
Amsterdam and Maastricht University) each had two insti-
tutions included in the top 10. The United States ranked
first in terms of the number of publications (2700),

followed by Australia (1126) and England (888). Five of
these countries are from Europe.

We found a large number of authors who made out-
standing contributions in this field. For instance, Maher
published the most papers (123 publications) and had the
highest h-index (41). Their research showed that patients
with acute LBP and associated disability usually make
a very good recovery within a few weeks, and pain and
disability are usually persistent with a high recurrence
rate.* Ferreira et al (2019) indicated that the recovery
from the pain attack cannot be predicted based on PA
participation, and the level of PA of all subjects returns
to pre-pain participation after 12 months.**

The most recently published and most frequently cited
references will help us to better explore the frontiers of
this research.>®*° As shown in Figure 9, references related

Table 4 The Top 10 Country of Origin of Papers on Low Back Pain and Physical Activity Research from 2000 to 2020

Rank Country Papers Percent Citations Citations per Paper Open Access
| USA 2700 27.78% 86,958 3221 1043

2 Australia 1126 11.58% 43,903 38.99 463

3 England 888 9.14% 35,766 40.28 445

4 Canada 821 8.45% 32,689 39.82 277

5 Netherlands 653 6.72% 35,739 54.73 295

6 Germany 471 4.84% 17,542 37.24 214

7 South Korea 430 4.42% 18,449 42.90 207

8 Sweden 390 4.01% 6242 16.01 219

9 Brazil 384 3.95% 9911 25.81 179

10 Denmark 382 3.93% 9352 24.48 163

2520 https: Journal of Pain Research 2021:14
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Figure 5 Network of cooperation among countries on low back pain and physical
activity research from 2000 to 2020.

to the sharp increase in citations at the end of 2020 were as
follows: (1) Hoy et al (2012) systematically reviewed the
global epidemic of LBP and other variables on its preva-
lence. They encouraged researchers to use new recommen-
dations for a standard definition of LBP and to refer to
a recently developed tool to assess the risk of bias in
(2) Saragiotto et al (2016)
showed that exercise is a moderately effective treatment

epidemiological studies.’

for chronic LBP (CLBP), especially motor control exercise
(MCE). However, evidence shows that MCE is not super-
ior to other treatments. The exercise choice of patients
with CLBP may depend on the preference of patients or
therapists, the training of therapists, cost and safety.’® (3)
Steffens et al (2016) studied the effectiveness of interven-
tions to prevent LBP and suggested that exercise combined
with education is effective.’’ (4) Jordan et al (2010) found
that a supervised or individualised exercise scheme and

Univ Southern Denmark

@aastrlcht Univ,
@iv Queensland \

(@i iv Sydney

arollnska Inst

Unlv'Amsterdam

‘Unlv Alberta

@mv Washington

GHarvard Univ

@ﬁv Florida
AN\

Figure 6 Network of cooperation among institutions on low back pain and physical
activity research from 2000 to 2020.

self-management can improve exercise compliance.
However, the results of high-quality randomised trials
requiring long-term follow-up highlight the benefits of
consistent exercise and PA. In future research, standard
and validated continuous motion measurement methods
should be used frequently.’? (5) Searle et al (2015)
reviewed published reports and found that strength/resis-
tance training and coordination/stability training have bet-
ter therapeutic effects in the treatment of CLBP compared
with other types of exercise.”®> (6) Kamper et al (2015)
evaluated the long-term implications of multi-disciplinary
biopsychosocial recovery for patients with LBP. Multi-
disciplinary interventions were found to be more effective
than general management and physiotherapy in reducing
pain and disability for CLBP. For the impact of work,
multi-disciplinary recovery is more effective than physical
therapy but not more effective than general management.>*

(7) Hoy et al (2014) concluded that LBP is the number one

Table 5 The Top 10 Institutions of Origin of Papers on Low Back Pain and Physical Activity Research from 2000 to 2020

Rank | Institutions Countries Papers | Percent | Citations | Citations per Paper | Open Access
| University of Sydney Australia 330 3.39% 14,716 44.59 152

2 University of Queensland Australia 220 2.26% 14,464 65.75 75

3 Vrije University of Amsterdam Netherlands 198 2.03% 10,629 53.68 99

4 Karolinska institution Sweden 154 1.58% 9389 60.97 72

5 University of Washington USA 141 1.45% 11,048 78.35 6l

6 Maastricht of University Netherlands 138 1.42% 7444 53.94 60

7 University of Florida USA 123 1.26% 4427 35.99 73

8 University of Alberta Canada 122 1.25% 6178 50.64 41

9 Harvard University USA 115 1.18% 9914 86.21 58

10 University of Southern Denmark Denmark 113 1.16% 2159 19.42 77
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Table 6 The Top 10 Authors Who Published on Low Back Pain
and Physical Activity Research from 2000 to 2020

Rank Authors Papers Citations H-Index*
| Maher 123 5751 41
2 Hodges 83 5641 39
3 Ferreira PH 72 2298 19
4 George 72 3894 33
5 Fritz 6l 4989 34
6 Ferreira ML 57 2505 21
7 Andersen 54 938 18
8 Van Tulder 54 4754 29
9 Costa Lop 50 1377 21
10 Latimer 47 2044 23

Note: *The H-index in this table was calculated only based on the LBP and PA
papers published by the author.

cause of disability and sixth as far as overall burden
amongst 291 disease burden studies in 2010. With the
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aging population, we urgently need to study LBP in dif-
ferent environments.’

Our research found that the largest cluster was “aero-
bic” (#0), followed by “obesity” (#1) and ‘fear-avoidance
beliefs’ (#2).

Aerobic

PAs, especially aerobic exercise, are effective for LBP.
However, the relationship amongst frequency, intensity,
duration of aerobic exercise and LBP is unclear in the
general population. A study showed that regular aerobic
exercise such as walking regularly and daily Pilates has
a significant relationship in reducing the risk of LBP.”>¢
Meanwhile, studies have shown that less frequent PA
exacerbates the severity of LBP. A meta-analysis revealed

that participation in PA reduces the incidence of LBP and
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Figure 7 The top 10 authors who published on low back pain and physical activity research from 2000 to 2020.
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related disabilities, and a combination of stretching or
aerobic exercises must be performed a certain number of
times per week to prevent CLBP.”” As stated in a pilot
study, regular high-intensity aerobic exercise reduces pain
and psychological pressure in people with CLBP.®
Therefore, specific types of aerobic exercise are effective
in the management of CLBP. Aerobic exercise is widely
used and cost-effective for the general population.”® The
American Physical Therapy Association guidelines recom-
mend that patients with LBP but no general pain should
engage in moderate- to high-intensity exercise (eg jogging
and running), whilst patients with general pain should
perform  low-intensity or  sub-maximum-intensity
activities.®® Thus, in the future, we need to focus on
what kind of aerobic exercise is more beneficial to LBP
and propose an explanation of why and how it is better

for LBP.

Obesity

Overweight and obese individuals with CLBP face
several difficulties in daily life as abdominal obesity
increases the occurrence of LBP.°" Continuous exer-
cise has a positive effect on obese patients with LBP.
However, how different forms of exercise are likely to
play varied roles in overweight and obese patients
with CLBP is unclear. For overweight and obese peo-
ple, the primary health goal is to lose weight, but
strength training may also maximise functional
improvement for overweight and obese patients with
LBP.°> Studies indicate that the body mass index
(BMI) is related to persistent LBP, and increased
BMI is

population.®>*® However, the time period during

a risk factor for overweight and obese

which being overweight is associated with incident
LBP differs between the sexes.®” A prospective study
found that BMI does not increase the occurrence of
CLBP and activity
considered.®® Therefore, more attention should be

limitation when genetics is

paid to the relationship amongst obesity, PA and LBP.

Fear-Avoidance Beliefs (FABs)

The fear avoidance model explains why some patients
with back pain develop chronic symptoms and how
FABs impact PA. Pain-related fear can lead to avoid-
ance behaviour.®” Patients with a high level of FABs
think that PA can cause harm and intensify pain. FABs
can better predict disability, behavioural performance
and risk of LBP.”® On the one hand, patients with

CLBP usually exhibit higher levels of FABs and dis-
tress than their counterparts. For the early stage of
avoidance belief, better understanding and intervention
are crucial. In a study on FABs and pain associated
with disability in LBP, patients with acute LBP had
lower level of FABs and pain compared with those
with CLBP.”! Furthermore, the results indicated that
FABs about PA and pain are significantly correlated
with the Oswestry disability index. Moreover, FABs
are generally considered one of the important risk
factors for CLBP.”> A study on the relationship
between Japanese nurses’ high FABs about PA and
CLBP showed that targeting FABs about PA can be
favourable to LBP rehabilitation.”? Whether they are
patients with acute LBP, subacute LBP or CLBP, cog-
nitive behavioural therapies and psychoeducation are
often used as interventions to reduce FABs.”*’ In
the near future, more interventions should be proposed
to change the FABs of patients with LBP.

Overweight individuals are 1.7-2.3 times more likely
to report pain compared to people of normal weight. We
should first consider reducing the obese individual’s
weight by involving aerobic exercise,”® and then con-
sider reducing the fear associated with the pain they will
experience when performing PA.”""® So that they
achieve adherence to the exercise program and reap
the benefits of long-term participation in PA. FABs are
of LBP disability.
Therefore, they can be used as a key point to control

one of the important causes
LBP. Moreover, ergonomics and psychological stress

should be considered.

Strengths and Limitations
To date, no studies have performed bibliometric analysis
of LBP and PA. To our knowledge, this study is the first to
analyse publications in the Science Citation Index
Expanded over the past 20 years. All literature categories
were included in our study. Consequently, we have
a wealth of data to analyse. The literature was not
restricted to subject classification of a category. This
study on LBP and PA research covered various kinds of
academic journals, and a total of 9716 papers were pub-
lished in 742 different journals. This bibliometric analysis
not only covered journals, citations and publications but
also included cooperation between authors and
institutions.

This bibliometric study had certain restrictions. The

electronic databases were limited to the Web of
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Table 7 Features of the 10 Most Frequently Cited Papers on Low Back Pain and Physical Activity Research from 2000 to 2020

Rank | Title First Journal IF Year | Citations | WoS
Author Categories
| Diagnosis and treatment of low back pain: A joint Chou Annals of Internal | 21.317 | 2007 | 1746 Medicine,
clinical practice guideline from the American college Medicine General &
of physicians and the American pain society Internal
2 Chapter 4 - European guidelines for the management | Airaksinen | European Spine 2.458 2006 | 1367 Clinical
of chronic nonspecific low back pain Journal Neurology;
Orthopedics
3 The state of US health, 1990-2010 burden of Murray Journal of the 45.54 2013 | 1399 Medicine,
diseases, injuries, and risk factors American General &
Medical Internal
Association
4 Exercise as medicine-evidence for prescribing Pedersen Scandinavian 3.255 2015 | 804 Sport Sciences
exercise as therapy in 26 different chronic diseases Journal of
Medicine &
Science in Sports
5 A clinical prediction rule to identify patients with Childs Annals of Internal | 21.317 | 2004 | 540 Medicine,
low back pain most likely to benefit from spinal Medicine General &
manipulation: A validation study Internal
6 Risk factors for work-related musculoskeletal da Costa American Journal 1.739 2010 | 514 Public,
disorders: A systematic review of recent longitudinal of Industrial Environmental
studies Medicine &
Occupational
Health
7 Noninvasive treatments for acute, subacute, and Qaseem Annals of Internal | 21.317 | 2017 | 499 Medicine,
Chronic low back pain: A Clinical practice guideline Medicine General &
from the American College of Physicians Internal
8 Diagnosis and classification of chronic low back pain | O’Sullivan | Manual Therapy 2.622*% | 2005 | 484 Rehabilitation
disorders: Maladaptive movement and motor
control impairments as underlying mechanism
9 Acute low back pain: systematic review of its Pengel British Medical 30.223 | 2003 | 476 Medicine,
prognosis Journal General &
Internal
10 Clinical guidelines for the management of low back | Koes Spine 2.646 2001 | 457 Clinical
pain in primary care - An international comparison Neurology;
Orthopedics

Note: *No data for 2019 were found, and the impact factor for 2018 was 2.622.
Abbreviations: WoS, Web of Science; IF, impact factor.

Science, and other electronic databases (such as
PubMed, Scopus and Embase) were not searched.
Moreover, only English papers were included. In this
study, a minority of the papers included were non-

English, thereby resulting in language bias.

In addition, some content, such as the duration,
type, intensity, frequency and method of physical activ-
ity in patients with chronic low back pain, was not
discussed and analyzed further here because these

questions were outside the scope of this study.
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References Year Strength Begin End 2010 - 2020
FERREIRA PH, 2006, AUST J PHYSIOTHER, V52, P79, DOI 2006 12.6103 2010 20712 s s s s s s
LONG A, 2004, SPINE, V29, P2593, DOI 2004 11.7641 2010 20712 o s st o s s s s s
CHILDS JD, 2004, ANN INTERN MED, V141, P920, DOI 2004  16.428 2010 20712 s e o s o s s s
FERREIRA ML, 2007, PAIN, V131, P31, DOl 2007 15.4238 2010 2072 e e o o s e s s
VAN TULDER M, 2006, EUR SPINE J, V15, PO, DOI 2006 13.2276 2010 2012
AIRAKSINEN O, 2006, EUR SPINE J, V15, PO, DOI 2006 29.8012 2010 2014
HAYDEN JA, 2005, ANN INTERN MED, V142, P776, DOI 2005 24.9865 2010 2013 e s e o e o e
FERREIRA PH, 2004, SPINE, V29, P2560, DOl 2004 11.7641 2010 2012 mmmmm=
SHERMAN KJ, 2005, ANN INTERN MED, V143, P849, DOI 2005 13.0418 2010 2013 s
KOUMANTAKIS GA, 2005, PHYS THER, V85, P209, DOI 2005 11.7268 2010 2013 s s s e o e s e
LIDDLE SD, 2004, PAIN, V107, P176, DOI 2004 13.0337 2010 2012 mmmmmm
HAYDEN JA, 2005, ANN INTERN MED, V142, P765, DOl 2005 17.6633 2010 2013 e
HICKS GE, 2005, ARCH PHYS MED REHAB, V86, P1753, DOI 2005 17.3322 2010 20713 e s s o o e s
HAYDEN JA, 2005, COCHRANE DB SYST REV, V0, PO, DOI 2005 12.384 2010 2013 e s e o o s s
CHOU R, 2007, ANN INTERN MED, V147, P478, DOI 2007 18.37 2011 2015 . emmmeme——
BRENNAN GP, 2006, SPINE, V31, P623, DOI 2006 13.1205 2011 2014 . mmmmm
DAGENAIS S, 2008, SPINE J, V8, P8, DOl 2008 13.8579 2011 2015 ,
KOES BW, 2006, BMJ-BRIT MED J, V332, P1430, DOI 2006 12.1823 2011 2017 ,
HOY D, 2012, ARTHRITIS RHEUM-US, V64, P2028, DOI 2012 20.1954 2016 2020 SR
SARAGIOTTO BT, 2016, COCHRANE DB SYST REV, VO, PO, DOI 2016 11.7444 2017 2020 e
STEFFENS D, 2016, JAMA INTERN MED, V176, P199, DOI 2016 14.2588 2017 2020 e
JORDAN JL, 2010, COCHRANE DB SYST REV, VO, PO, DOI 2010 11.3888 2017 2020 . o o
SEARLE A, 2015, CLIN REHABIL, V29, P1155, DOI 2015 20.8981 2017 2020 e e
KAMPER SJ, 2014, COCHRANE DB SYST REV, VO, PO, DOI 2014 11.3888 2017 2020 E—
HOY D, 2014, ANN RHEUM DIS, V73, P968, DOI 2014 26.0151 2017 2020 —

Figure 8 Top 26 references with the strongest citation bursts on low back pain and physical activity research from 2000 to 2020.

Conclusions
This study provides global observations of the historical
tendency of LBP and PA over the past two decades. The
number of publications has steadily increased (P < 0.001).
The influence of the United States was significant in terms
of scientific research. The University of Sydney contributed
the largest number of publications, and Maher published the
most studies. In terms of the number of publications, Spine
contributed the most publications, and the journal with the
highest published IF in this field of research was the British
Journal of Sports Medicine (IF,q19, 12.022).

Although our research presents some limitations, it
adequately demonstrated the trends of LBP and PA

research. The research topics of LBP and PA over the
past two decades primarily focused on aerobic, obesity,
and fear-avoidance beliefs. Our findings can provide effec-
tive information for LBP and PA, funding agencies and
policy makers.
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Figure 9 The timeline on low back pain and physical activity research from 2000 to 2020.
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