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Background: Chronic low back pain (CLBP) is the leading cause of years lived with disability
worldwide. Recent studies show increasing evidence for the implication of a multimodal treatment
approach for CLBP, including education, exercise therapy, and physical activity.

Objective: This study aimed to analyze the trends in the biopsychosocial approach to CLBP
through bibliometric analysis and to explore the main topics and provide recommendations for
researchers and clinicians.

Study Design: In this bibliometric analysis, a 2-phase literature screening was performed to
generate clusters and thus explore the main topics of the years 2012-2023.

Methods: Literature was derived from Web of Science for the years 2012-2023. Two researchers
independently conducted double-blind title and abstract screening in accordance with PRISMA
guidelines. VOSViewer and CiteSpace software were used to analyze authors, countries, institutions,
journals, keywords, and references. The clusters of co-cited references generated by the CiteSpace
software were analyzed, and the largest clusters related to the biopsychosocial approach were
narratively reviewed in detail.

Results: A total of 2,070 studies were included in the analysis. The most influential country,
institution, and author were the United States of America, the University of Sydney, and Leonardo
Oliveira Pena Costa, respectively. BMC Musculoskeletal Disorders was the journal with the
greatest number of publications. Exercise therapy, cognitive-functional therapy, pain neuroscience
education, manual therapy, mobile applications, and psychologically informed physical therapy
stood out in the reference analysis.

Limitations: This study has several limitations, such as the restriction to studies indexed in the
WOS database. Only English-language studies were included, and to maintain focus, we chose to
discuss only those relevant to the biopsychosocial approach within the top 10 clusters.

Conclusions: This bibliometric analysis highlighted the evolving trends and main contributors
in this field. The study mapped the complex knowledge network in the field, highlighting various
interventions as focal points of scientific interest, particularly exercise therapy, cognitive-functional
therapy, pain neuroscience education, manual therapy, mobile application, and psychologically
informed physical therapy. Standardization in research methodologies and more high-quality
studies are needed to solidify the efficacy of these interventions and inform clinical practice more
effectively.

Key words: low back pain, biopsychosocial, exercise, education, telerehabilitation, manual
therapy
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ow back pain (LBP) is the leading cause of

years lived with disability worldwide, imposing

a substantial burden on individuals, health
care systems, and society. LBP is the most common
musculoskeletal condition seen in primary care. This
condition has a prevalence of 84%, of which chronic
(lasting for over 3 months) LBP (CLBP) accounts
for approximately 23%. In roughly 90% of cases,
a specific source for the LBP cannot be identified
(Suppl. Table 1).

Recent studies and international clinical guide-
lines (1) show the growing importance of non-phar-
macological treatment for nonspecific CLBP, including
exercise therapy, physical activity, and education,
included in a multidimensional treatment approach
(Suppl. Table 1).

In 2020, an overview of Cochrane reviews regard-
ing physical activity and exercise for chronic pain,
including articles that focused on chronic LBP, was pub-
lished (2). This review describes the positive effects of
a multimodal treatment approach inclusive of exercise
therapy on pain severity, physical function, psychological
function, and quality of life (2). However, the results of
behavioural treatment have been proven only on short-
term outcomes (3). The biggest pitfall and indication
for future research was the determination of reasons
for non-adherence to exercise interventions and how to
overcome these barriers. Similarly, the National Institute
for Health and Care Excellence (NICE) described in their
guideline (4) the importance of encouraging chronic
pain patients to remain physically active for long-term
beneficial outcomes, and thus, the imperative need
to increase patients’ adherence to exercise routines.
However, the optimal exercise program remains to be
determined (5). Additionally, this guideline recommends
the implementation of psychological treatment modali-
ties, such as a cognitive behavioral approach (CBT), into
an exercise-based treatment plan. Finally, the World
Health Organization (WHO) published a guideline in
2023 regarding interventions in the management of
CLBP, focusing on the biopsychosocial approach, with
moderate-to-high-quality evidence (6). According to the
WHO, a multimodal treatment program that includes
exercise therapy, psychological therapy (CBT), and edu-
cational programs about knowledge and self-care, has
proven most effective (6).

Indeed, much research has been conducted on the
biopsychosocial approach for CLBP. In 2020, a bibliomet-
ric analysis was published regarding the global trends
in research into exercise interventions for LBP between

1980 and 2018 (7). This analysis describes a trend since
2012, which shows a burst in keywords around stabil-
ity, quality of life, general exercise, balance, and gait,
indicating that stability, balance, and gait were trends
and focuses in this field of research in that period (7).

Furthermore, a second bibliometric analysis
showed that the biopsychosocial approach had be-
come an increasingly significant key word since 2011
(8), providing an insight into the growing indications
for incorporating a biopsychosocial approach into the
management of CLBP.

These findings align with Cochrane, NICE, and
WHO guidelines, which recommend incorporating a
biopsychosocial approach in CLBP treatment plans to
improve exercise adherence (Suppl. Table 1). However,
previous bibliographic analyses explained neither the
evolution of the research trends and evidence nor a
research agenda for the future.

Therefore, this bibliometric analysis and review
attempted to map and review the current evidence
and research gaps from the past 11 years. Our aim was
to provide an overview of the evolution of research
trends and provide an agenda for future research.
The content, evidence, and recommendations of the
largest clusters of specific and clinically relevant biopsy-
chosocial approaches obtained from this project were
discussed by the reviewers in more detail. By visualizing
an overview of different interventions for the manage-
ment of CLBP, the present analysis will guide further
studies to conduct comprehensive and clinically rel-
evant research and make improved recommendations
for clinical practice.

METHODS

No standardized guidelines or protocols exist
for bibliographic analysis. Generally, bibliographic
analysis studies are designed according to the objec-
tives of the researcher. In this study, a protocol was
created by utilizing the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (9).

Data Source and Search Strategy

A systematic literature search was conducted with
free-text key words and Medical Subject Heading
(MeSH) terms based on the PICO framework (patient
and intervention) (9). Web of Science Core Collection
(WoSCC) was used as the source for retrieval from Janu-
ary 1st, 2012 to October 6th, 2023. The complete search
strategy can be found in Suppl. Table 2.
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Literature Screening

To meet the inclusion criteria, articles needed to (1)
be either original or secondary studies, (2) include adults
with CLBP, (3) constitute biopsychosocial evaluations or
interventions, (4) have been published between 2012
and 2023, and (5) be written in English. Two researchers
(AF, IM) independently screened studies that met the
inclusion criteria using the free Rayyan online software
(rayyan.ai) (10). Following the screening, questionable
records were discussed and eventually decided upon by
an independent third investigator (MM).

Data Extraction

In this study, 2 software platforms were used to
visualize the literature. One of them, VOSViewer (Van
Eck and Waltman, Leiden University), was a bibliometric
analysis software designed to create knowledge maps
for co-occurrence analysis and co-citation analysis (11).
CiteSpace (version 6.3.R6) (Chaomei Chen, Drexel Uni-
versity), another literature visualization tool, featuring
centrality analysis, node-merging capability, and burst de-
tection functions, was the other platform. The CiteSpace
parameters, the purposes for which the programmes were
used during the analyses, and the structural metrics used
during those analyses are detailed in Suppl. Tables 4-7
(12,13). Unlike for other maps, CiteSpace was preferred
for preparing the author map, since it was observed
that author names appeared in many different formats,
and the map was created using CiteSpace’s function of
merging different keywords. Such heterogeneity was not
observed in other parameters.

Clustering based on co-citations was performed to
identify research trends. The 10 largest clusters of spe-
cific and clinically relevant biopsychosocial approach
obtained from this clustering were discussed by the
researchers in more detail regarding content, evidence
and future recommendations.

REesuLts

Analysis of Publications

A total of 5,146 publications met the inclusion
criteria. Finally, 2,070 records were identified for bib-
liometric analysis (Fig. 1).

The change in publication numbers over the years
is shown in Fig. 2. While 87.1% (1,803) of the publica-
tions were original research, 12.9% (267) were reviews.

Analysis of Countries
Two thousand seventy papers from 80 countries

were published. Of those countries, 49 with at least 5
articles to their credit can be seen in Fig. 3. The top 3
countries according to the number of published articles
were the United States of America (389 publications
[18.7%]), Australia (275 publications [13.3%]) and
England (188 publications [9.1%]) (Fig. 3). In centrality
values, the top 3 countries were Ireland (1.02), Sweden
(1.01), and Qatar (0.95) (Table 1). Based on this informa-
tion, it can be concluded that the USA, Australia and
England have an important place in CLBP research, and
Ireland, Sweden, and Qatar are the countries that have
the most intense cooperation with other countries con-
ducting CLBP research.

Analysis of Institutions

Two thousand seventy papers from 379 institutions
were published. Of these institutions, 265 with at least 5
articles to their credits can be seen in Fig. 4. In number of
published articles, the top 3 institutions are the Univer-
sity of Sydney (Australia) (112 publications [5.4%]), Vrije
Universiteit Amsterdam (Netherlands) (65 publications
[3.1%]), and the Universidade Cidade de Sao Paulo (59

Studies retrieved from Web of Science
(n=5146)

Duplicates removed before screening

" (n=94)

Screening title and abstract
(n=5052)

Excluded studies irrelevant contents
| (population, intervention, outcome,
study design and publication type etc.)
(n=2982)

Studies included in the bibliometric
analysis
(n=2070)

Fig. 1. Literature screening flow chart

0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Fig. 2. Annual output BPS approach
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Table 1. Top 5 countries in number of publications® (upper half) and level of cenirality** (lower half).

Rnk. Country Pub Cent Cit Institution Pub Cent
1 USA 389 0.00 8290 University of Sydney 112 0.01
2 % Australia 275 0.09 9173 Vrije Universiteit Amsterdam 65 0.31
3 = England 188 0.09 4612 Universidade Cidade de Sao Paulo 59 0.00
4 E Brazil 174 0.05 3318 George Institute for Global Health 42 0.06
5 Germany 142 0.00 2812 Harvard University 41 0.04
1 o Ireland 39 1.02 1114 University of Alberta 10 0.38
2 E Sweden 31 1.02 1066 Vrije Universiteit Amsterdam 65 0.31
3 E Qatar 11 0.95 251 University of Queensland 34 0.30
4 E Norway 29 0.85 845 Johns Hopkins University 22 0.29
5 © North Ireland 12 0.60 386 Ghent University 23 0.20

Abbreviations: Rnk, ranking; Pub, number of publications; Cent, centrality value; Cit, number of citations

*: Quantifiably greatest amount of research in this field

**: Quantifiably greatest amount of cooperation with other countries/institutes in this field

publications [2.8%]) (Brazil). Among the top 10 universi-
ties by number of publications, 4 are from Australia.

In centrality values, the top 3 universities were the
University of Alberta (Canada) (0.38), Vrije Universiteit
Amsterdam (Netherlands) (0.31), and the University of
Queensland (Australia) (0.30), indicating that these
institutions had high levels of cooperation with others
(Table 1). Vrije Universiteit Amsterdam is shown to rank

highly in terms of both number of publications and
centrality (multi-centre collaboration).

Analysis of Journals

Two thousand and seventy articles were published
in 485 journals. Of these 85 journals, those with at least
5 articles to their credit can be seen in Fig. 5. In num-
ber of published articles, the top 3 journals are BMC
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Table 2. Top 5 journals in number of publications (upper half)
and citations (lower half).

Musculoskeletal Disorders (n = 87), Journal of Back and
Musculoskeletal Rehabilitation (n = 84), and Spine (n =

Ruk. Journals Citations | Publications 51). In number of citations, the top 3 journals are Spine
1 BMC Igi‘;f)cr‘;;ikelﬁal 1301 37 (n = 1466), the European Spine Journal (n = 1395), and
— the Cochrane Database of Systematic Reviews (n =
Journal of Back and 1355) (Table 2)
2 % Musculoskeletal 805 84 ’
£ Rehabilitation .
Bk Spine 1166 o Analysis of Authors
— E The] Lot Phveical A total of 444 authors contributed to the articles
4 E eT}(l):rrar;ay ;)denzf:lca 856 51 (Fig. 6). Of those whose work is examined here, the 3
] Archives of Phveical authors who have written the greatest number of pub-
5 Medicine ar}:d 726 41 lications in the field are Leonardo Oliveira Pena Costa
Rehabilitation (n = 37), Christopher Maher (n = 24), and Paulo H Fer-
1 Spine 1466 51 reira (n = 22) (Table 3). When ranked for centrality, the
| T ey — 1395 33 top 3 authors are Luciana Macede (0.05), Christopher
— % Cochrane Database of Maher (0.04), and Paul W. Hodges (0.03).
308 . . 1355 13
= Systematic Reviews . .
n 5 Physical Therapy Bl 89 Analysis of Co-cited References
] BMC Musculoskeletal The top 10 most frequently cited articles among
5 Disorders 1301 41 the individual documents in our research are shown in
Table 4. Of those 10 articles, only one was a random-
Abbreviations: Rnk, ranking ized controlled trial. The others were reviews. Among
S tans eo i toaged
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Fig. 6. Network map of authors performed research
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the top 10 references cited most frequently in the
individual studies, 9 were reviews and one constituted
original research.

Figure 7 shows the 25 references with the stron-
gest citation bursts. The 3 references with the highest
citation bursts were van Middelkoop et al’s “A System-
atic Review on the Effectiveness of Physical and Reha-
bilitation Interventions for Chronic Non-Specific Low
Back Pain,” Hoy et al’s “The Global Burden of Low Back
Pain: Estimates from the Global Burden of Disease 2010
Study,” and Hartvigsen et al’'s “What Low Back Pain Is
and Why We Need to Pay Attention.” References that
have seen bursts of citations in recent years are Maher
et al’s “Non-Specific Low Back Pain,” Hartvigsen et al’s
“What Low Back Pain Is and Why We Need to Pay At-
tention,” Qaseem et al’s “Noninvasive Treatments for
Acute, Subacute, and Chronic Low Back Pain: A Clini-
cal Practice Guideline from the American College of
Physicians,” Oliveria et a’s “Clinical Practice Guidelines
for the Management of Non-Specific Low Back Pain
in Primary Care: An Updated Overview,” Owen et al’s
“Which Specific Modes of Exercise Training Are Most
Effective for Treating Low Back Pain? Network Meta-
Analysis,” and Foster et al’s “Prevention and Treatment
of Low Back Pain: Evidence, Challenges, and Promising
Directions” (Suppl. Table 1).

We created a reference co-citation map to see
important research clusters and references (Fig. 8). We
identified 19 clusters in this map, and its modularity
and silhouette scores were highly credible (Q = 0.8291,
S = 0.9296). According to this map, the most popular
topics in recent years are mobile application (#9),
manual therapy (#8), pain neuroscience education (#7),
and cognitive functional therapy (#6).

Analysis of Co-occurrence and Burst Key
Words

Key word co-occurrence analysis was performed
with VOSViewer and CiteSpace to find hot spots. For
more accurate analysis with CiteSpace, key words with
similar meanings were combined (Supp. Table 6).

CiteSpace created a map with 486 nodes. The 10
most frequently used key words according to this map
are shown in Table 5. While the 3 key words with the
highest frequency were “chronic low back pain,” “ex-
ercise,” and “disability,” the 3 key words with the high-
est centrality were “cross-cultural adaptation,” “health
status, “ and “graded activity.”

For better visualization with VOSViewer, 268 key
words that co-occurred more than 5 times were se-

Table 3. Top 10 authors by number of publications (right side)
and number of references included in our research (left side).

Co-Cited
Rnk Authors Publications | Authors o-Lite
Counts
Leonardo
1 Oliveira Pena 37 ;Zlﬁ \275 555
Costa &
Christopher Damian
2 Maher 24 Hoy 315
3 Paulo H 22 Jill Hayden | 506
Ferreira
Peter Robert
4 O’Sullivan 21 Chou 483
5 Rafael Z Pinto 19 Richard 390
Deyo
Kieran Gordon
6 O'Sullivan 17 Waddell 385
7 Mark Hancock 14 J eremy 347
Fairbank
Luciola M Johan WS
8 Costa 14 Vlaeyen 346
. Martin
9 Gopal Nambi 13 Roland 338
Raymond
10 Paul W Hodges 12 Ostelo 336

Abbreviations: Rnk, ranking

lected from a total of 3,180 key words. Figure 9 shows
the overlay map of key words.

Figure 10 shows the 25 key words with the stron-
gest citation bursts. The key word with the strongest ci-
tation burst is “transversus abdominis.” In recents years,
the key words “muscle” and “abdominal muscles” have
also seen a citation burst, as have “cognitive functional
therapy,” “musculoskeletal conditions,” “stress reduc-
tion,” and “patient.”

"on

Discussion

General Results

In our research, a growth in publications on the
biopsychosocial approach to CLBP was observed. The
number of publications increased continuously until
2020 and plateaued after this point, possibly due to the
COVID-19 pandemic. Aristovnik et al reported that a to-
tal of 21,400 documents related to COVID-19 research
were published in the Scopus database in the first half
of 2020 and that the interest in COVID-19-related stud-
ies continued to increase (14). A bibliometric analysis
study that investigated exercise approaches in CLBP in
the last decade indicated that COVID-19 might have
had an impact on studies conducted in this field after

www.painphysicianjournal.com
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Table 4. Top 10 most cited and co-cited references.

= =
5 E g 5 | B[S
: = g ~ s . = E | > =2
Rnk Most Cited References = g =8 Co-Cited References = E | 2| S
) = = 451418 g m
Prevention and treatment of low Z (23] - European guidelines for the 2 g ol @
1 back pain: evidence, challenges, and g g § 2 | management of chronic nonspecific % o & § @
173
promising directions (70) 2 3 low back pain (82) 5 E
Clinical practice guidelines for ) " g =
the management of non-specific s £ X = What low back pain is and why we 4 8 | 2] e«
2 =] S S| @ .0 = S| w
low back pain in primary care: an s = Q| e need to pay attention (84) z S|l
updated overview (83) o) s £
Bt ] A Int ting ch for pai O
Multidisciplinary biopsychosocial ) S L s T L =
e s K 9 — " and functional status in low back = o o
rehabilitation for chronic low back o S vl o . . . o =t S| =
3 . . . B o| R | pan: towards international consensus ) [ =2 ]
pain: Cochrane systematic review = /M N q 6-q : < ) N
. S regarding minimal important change 2
and meta-analysis (85) » 2
(86) o
Nonpharmacologic Therapies g 5
for Low Back Pain: A Systematic ~ 3 — ©
. . = R S| o - =4 s | 8| w»n
4 Review for an American College 2 - é’ S| < The Oswestry Disability Index (88) s a3 s
of Phys1c1aps thcal Practice o g =
Guideline (87) o
>
) [} é g
" . . 2 R
Multl,d,l sc1.p11nary blopsy chosocial ) SH |3 o A systematic review of the global a = q| v
5 rehabilitation for chronic low back = < o S| ® . 2 2 |3a| S
. = 2 IS prevalence of low back pain (90) T E |« 9
pain (89) G Q8 =
¥/ O 3 <
= )=
a <
o
= g
E k- o
5 =
Epidemiology of Low Back Pain in £ < ORI . . g S |5 =
= <} © - fic k 2 = x
6 ‘Adults (91) § g SRS Non-specific low back pain (92) § 5 gl 2
I =
Exercise interventions for the = Diagnosis and treatment of low o
treatment of chronic low back pain: < = back pain: A joint clinical practice ~ g
L= n = 5|
. . [} 5] - = g g g =3 S o|lo|l @
7 a systematic review and meta- = ~ S| 3 guideline from the American College 8 232lg| 5
analysis of randomized controlled A I of Physicians and the American Pain O 5
trials (93) o Society (94)
Efficacy of classification-based . - .
cognitive functional therapy in ~ ki el e 3 3 ol «
— . . Q o
8 patients with non-specific chronic § — sl a Non-specific low back pain (96) 0 s 3|5
. . 1Z] - —_—
low back pain: A %‘andomlzed E 3 = —
controlled trial (95)
3 = A study of the natural history of b=
. ] (@) =~ | o | low-back pain. Part II: development = g 12| e«
9 Low back 97 5 S| I e : : g A 5
ow back pain (97) ° 2 E & | | of guidelines for trials of treatment in < & |2 =
[ =) primary care (98) &
k] R A Fear-Avoidance Beliefs 0]
10 Motor control exercise for chronic -8,:, = g fé % g 0 Questionnaire (FABQ) and the role of g g § 5
non-specific low-back pain (99) g 1988 |&| | fear-avoidance beliefs in chronic low 3 A3~
g |CR% back pain and disability (100) =

Abbreviations: Rnk, ranking; Pub year, year of publication; Cit, number of citations
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Top 25 References with the Strongest Citation Bursts

Oliveira CB, 2018, EUR SPINE J, V27, P2791, DOI 10.1007/s00586-018-5673-2, DOL 2018 16.85 2021 2023
Owen PJ, 2020, BRIT J SPORT MED, V54, P1279, DOI 10.1136/bjsports-2019-100886, DOL 2020 13.48 2021 2023
Foster NE, 2018, LANCET, V391, P2368, DOI 10.1016/50140-6736(18)30489-6, DOL 2018 12.76 2021 2023

References Year Strength Begin End 2012 - 2023

van Middelkoop M, 2011, EUR SPINE J, V20, P19, DOI 10.1007/500586-010-1518-3, DOL 2011 29.87 2012 2016 EEEEEE—
Ostelo RWIJG, 2008, SPINE, V33, P90, DOI 10.1097/BRS.0b013e31815¢3a10, DOI 2008 1592 2012 2013 e——
Koes BW, 2010, EUR SPINE J, V19, P2075, DOI 10.1007/500586-010-1502-y, DOL 2010 13.97 2012 2015 e—
van Middelkoop M, 2010, BEST PRACT RES CL RH, V24, P193, DOI 10.1016/j.berh.2010.01.002, DOI 2010 13.46 2012 2015 e e—
Hoy D, 2012, ARTHRITIS RHEUM-US, V64, P2028, DOI 10.1002/art.34347, DOIL 2012 24.08 2013 2017  ———— e
Balagué F, 2012, LANCET, V379, P482, DOI 10.1016/S0140-6736(11)60610-7, DOL 2012 17.79 2013 2017 ——e
Hill JC, 2011, LANCET, V378, P1560, DOI 10.1016/S0140-6736(11)60937-9, DOL 2011 16.84 2013 2016
Delitto A, 2012, J ORTHOP SPORT PHYS, V42, PA1, DOI 10.2519/jospt.2012.42.4.A1, DOL 2012 15.99 2013 2017  _C—
Hoy D, 2010, BEST PRACT RES CL RH, V24, P769, DOI 10.1016/j.berh.2010.10.002, DOL 2010 1397 2013 201
Costa LDM, 2012, CAN MED ASSOC J, V184, PE613, DOI 10.1503/cmaj. 111271, DOL 2012 12.87 2013 2017  ————
Vos T, 2012, LANCET, V380, P2163, DOI 10.1016/S0140-6736(12)61729-2, DOL 2012 19.63 2014 2017 e e—
Kamper SJ, 2014, COCHRANE DB SYST REV, V0, P0, DOI 10.1002/14651858.CD000963.pub3, DOIL 2014 14.97 2015 2019 P —
Fersum KV, 2013, EUR J PAIN, V17, P916, DOI 10.1002/5.1532-2149.2012.00252.x, DOL 2013 1478 2015 2018 e —
Hoy D, 2014, ANN RHEUM DIS, V73, P968, DOI 10.1136/annrheumdis-2013-204428, DOI 2014 27.53 2017 2019 — S —
Kamper SJ, 2015, BMJ-BRIT MED J, V350, PO, DOI 10.1136/bmj.h444, DOL 2015 17.25 2017 2020 S
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2020, based on burst key words (7). That the last 3
months of 2023 were not included in the study might
have been the reason for the decline observed in that
year. From these findings, it can be concluded that the
increased interest in this topic continued.

The USA had the highest number of publications
in the field of the biopsychosocial approach to CLBP,
followed by Australia and England. Based on central-
ity values, Ireland has the most collaborations. When

institutes were ranked by the number of publications
associated with them, the University of Sydney came in
first, followed by the Vrije Universiteit Amsterdam and
the Universidade Cidade de Sao Paulo. Four of the 10
universities with the most publications were located in
Australia. Based on this observation, it can be said that
Australia is one of the leading countries in this field.
According to the centrality values, the 3 institutes with
the highest rates of collaboration are the University of

Alberta, Vrije Universiteit Amsterdam, and

the University of Queensland, in that order.

Table 5. Top 10 key words ranked by frequency and centrality. » - = .
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such research in high-impact journals could broaden its
reach and, consequently, increase its impact on the field.
The most productive authors in the field are Leonardo
Oliveira Pena Costa, Christopher Maher, and Paulo H.
Ferreira, while the most cited authors are Paul W. Hodg-
es, Damian Hoy, and Jill Hayden. The most co-cited refer-
ences include the Oswestry Disability Index, the Roland
Morris Disability Index, and the Fear-Avoidance Beliefs
Questionnaire. This discovery may indicate that disabil-
ity and fear-avoidance beliefs are assessed frequently in
individual studies and that among questionnaires, the
aforementioned 3 are used most commonly.

The development of a knowledge area can be re-
flected by co-cited references. Of the clusters created
using co-cited references, “low back pain” ranks first,
followed by “exercise therapy” and “cultural compe-
tency.” Among the top 10 clusters associated with the
biopsychosocial approach are exercise therapy, cogni-
tive-functional therapy, pain neuroscience education,
manual therapy, mobile applications, and psychologi-
cally informed physical therapy. These 6 clusters are dis-
cussed in detail below to provide an agenda for future
research and recommendations for clinical applications.

Exercise Therapy (#1), Physical and
Rehabilitation Medicine (#5)

Exercise therapy (ET) is widely used and acknowl-
edged in the rehabilitation of CLBP. Clinical practice
guidelines on CLBP recommend ET to improve disability
and reduce pain, and thus contribute to the patient’s
return to work and physical and functional recovery, to
a greater extent than that associated with non-exercise
therapy. Furthermore, ET has been proven to reduce
kinesiophobia, anxiety, and catastrophizing (15-18).

However, in this bibliometric analysis, exercise
therapy did not appear in the top ranking of key words.
Explanations for this unexpected result are the multiple
synonyms and daughter terms that have been used to
describe exercise therapy as well as the mentioning of
subtypes of exercise therapy in several articles. Some
examples of these synonyms and subtypes are physical
therapy, high-intensity training, perturbation training,
exercise training, strength and flexibility exercises, re-
habilitation exercises, core stability training, stabiliza-
tion exercises, motor control exercises, body mechanics
training, yoga, Pilates, Tai Chi, aerobic training, and
resistance exercise training (Suppl. Table 1).

In the overview of the cluster of key words,
frequently mentioned subtypes were sensorimotor
training, physical and rehabilitation medicine, yoga,

Top 25 Keywords with the Strongest Citation Bursts
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Fig. 10. Key words with strongest citation bursts

and Pilates-based exercises. An explanation for these
specific key words is that some of the terms are brand
names and are thus always phrased the same way.

Physical and Rehabilitation Medicine

Physical and rehabilitation medicine consists of
several key words merged into this umbrella term. In-
cluded studies within this umbrella term describe, for
example, sensorimotor training and Pilates, which are
further elaborated upon later.

Sensorimotor Treatment

History

Sensorimotor treatment (SMT) is an umbrella term
for several therapy modalities addressing neuromuscu-
lar rehabilitation, including motor control training and
tactile acuity training. Previous studies have shown that
patients with CLBP often present with delayed lumbar
muscle activation patterns and an affected postural
control, which is the cornerstone of SMT. In general,
SMT is used as an additional treatment method, aiming
to trigger muscle plasticity, improve muscle strength
and proprioception, and thus alleviate postural specific
musculoskeletal pain (19-21).
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Scientific Evidence

Over the past decade, SMT has been proven to
provide more positive effects on motor performance,
proprioception, and coordination, leading to an im-
provement of postural control, than does conventional
exercise therapy (19,20).

Pilates

History

Pilates, a specific subtype of SMT, has recently fre-
quently been implemented in the treatment program
for CLBP. This treatment subtype has been shown to im-
prove pain intensity and disability as well as the altera-
tions to postural control and static balance (22). Pilates
involves 6 basic principles: diaphragmatic breathing,
centering, concentration, control, precision, and flow,
which require an active awareness of the quality of
movement, precision, and control (16,22).

Scientific Evidence

Recent studies have conducted thorough research
on Pilates, but comparisons between it and other exer-
cise therapies lack evidence, as do reports on the long-
term effectiveness of the former (15,16,22,23). Finally,
Miyamoto et al (16) and Patti et al (22) assert that there
have been no studies on the doses of Pilates-based ex-
ercise therapy.

Yoga

History

Yoga is an ancient Indian mind-body practice that
has become extremely popular over the last decade.
With the rise of the biopsychosocial approach in the
treatment of chronic pain over the past several years,
yoga has become a frequently used holistic treatment
modality, recommended by the American College of
Physicians and American Pain Society clinical practice
guidelines when treating CLBP.

Scientific Evidence

Recent studies have indicated that yoga is a major
contributor to reducing pain intensity and catastroph-
izing and thus increasing overall functioning, but the
evidence for yoga when compared to other exercise
modalities has thus far been of low quality (24-27). The
meta-analysis by Holtzman et al (2013) provides results
for the effects of yoga on short-term improvements in
functional disability. However, these inconclusive results

may be due to the fact that there are several subtypes
of yoga with possible different effects, such as hatha
yoga, lyengar yoga, and vini yoga (24). These subtypes
have different approaches and thus heterogeneous
treatment effects. Hatha, for example, focuses more on
physical postures, while Viniyoga is more focused on
meditation (24).

Similar results have been presented by Wieland et
al (26) and Zhu (28), who have also been able to show
the short-term effects of yoga compared to conven-
tional exercise therapy but lack proof of long-term
effects or high-quality evidence. Furthermore, when
comparing yoga interventions to conventional therapy
exercises, Neyaz et al (25) did not find any statistically
significant differences in the associated outcomes.

Clinical Implications for Exercise Therapy

Recommendations for clinical practice have been
made regarding the addition of SMT to an existing (mul-
timodal) therapy program (29). However, a broad spec-
trum of exercises has previously been described under
the SMT umbrella term. These include motor control,
neuromuscular exercises, core stability, Pilates-based
exercises, and proprioception training, complicating the
interpretation and implementation of SMT in clinical
practice (20). Nevertheless, recent studies have suggest-
ed the implementation of SMT, especially motor control
exercises, into home-based training programs, which can
easily be applied by providing simple physiotherapeutic
materials like balance boards or elastic bands (20,29).

Over the past decade, many studies have proven
the effects of exercise therapy in the treatment of CLBP
on pain intensity, functionality and disability. Hayden
et al (30) have proven the quality of these effects ex-
tensively by performing a systematic review with large
effect sizes, including a high number of high-quality
trials. However, Hoyden et al were still unable to make
specific recommendations regarding the type of exer-
cise therapy, since no exercise modality had proven to
be superior. For clinics, therefore, it seems that any type
of exercise is recommended so far.

Recently, high-intensity training (HIT), as a subtype
of exercise therapy, is showing promising results. Ver-
brugghe et al (31,32) indicated that HIT was a more
effective exercise modality for improving not solely
ability levels and physical performance in patients
with nonspecific CLBP but also their self-efficacy and
enjoyment of exercise, which resulted in a higher rate
of adherence to exercise therapy. Finally, Hayden et
al (30) and Verbrugghe et al (32) stated the necessity
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of tailoring individual approaches to exercise therapy
by including biopsychosocial factors and involving the
patient in devising an exercise program.

Research Agenda for Exercise Therapy

To investigate dose-response relations and to de-
termine the motor learning effect of SMT, bigger trials
with greater numbers of treatment sessions need to be
set up, with several treatment lengths for the interven-
tions and longer follow-up periods (33).

For the implementation of yoga in the manage-
ment of pain in CLBP patients, both short- and long-
term effects have been proven, with the strongest
evidence for short-term effects on functional disability
(24,34). However, the effects of yoga on health-related
quality of life and well-being are uncertain, as is stron-
ger evidence regarding long-term effects. Therefore, a
rationale exists for high-quality future research (25,34).

Current evidence regarding exercise therapy for the
management of CLBP has extensively proven that this
type of therapy is effective on self-reported pain inten-
sity and disability. However, these results have provided
mostly high-quality short-term effects, while long-term
effects are of low to moderate quality and therefore do
not meet the threshold for the minimal clinically impor-
tant difference (Suppl. Table 1) Additionally, although
exercise therapy is generally considered a safe treatment
modality, adverse effects are not yet assessed adequately
due to insufficient reporting (35). Finally, there is a lack
of evaluation of working mechanisms that contribute to
the effectiveness of exercise therapy, making it advisable
to conduct further study on the mediating effects of the
different working mechanisms (36).

Cognitive Functional Therapy (#6)

History

Cognitive functional therapy (CFT) is a personal-
ized behavioral self-management approach combining
cognitive and functional strategies developed by Peter
O’Sullivan (37) for individuals with CLBP. The treat-
ment process focuses on 3 components: making sense
of pain, exposure with control, and lifestyle change.
The aim of this treatment is to break the cycle of
pain-related distress and disability (37). CFT was first
included in the literature with a randomized controlled
study published by Fersum et al in 2012 (38), and many
case reports, cross-sectional studies, qualitative studies,
and randomized controlled studies on the subject have
been published to date (Suppl. Table 1).

Scientific Evidence

According to this first study in 2012, classification-
based CFT was more effective on pain and disability
than were manual therapy and exercise. Moreover, it
was reported that CFT was superior to manual therapy
and exercise in the 12-month results of the treatment,
a finding similar to those pertaining to the short-term
results (38). When applied with different interventions
in the following period, CFT is seen to provide improve-
ment in physical and psychosocial factors in the short
and long term in individuals with CLBP (Suppl. Table 1).
However, in 2023, a systematic review meta-analysis re-
ported that CFT might have been less effective on pain
and disability in the short and long term than were oth-
er interventions such as manual therapy and exercise.
The meta-analysis stated that CFT was an intervention
that could be safely implemented and highlighted an
increase in the popularity of that approach despite the
uncertainty of the evidence (39).

In studies on CFT, it is noteworthy that the treat-
ment provides improvement in disability and psycho-
social factors rather than pain intensity (40,412). It has
been reported that this superior effect on disability
led to increased self-efficacy and that parameters such
as stress, fear of physical activity, coping, depression,
anxiety, and sleep have no effect (42). It has also
been reported that CFT increases physiotherapists’
confidence in their ability to manage the biopsycho-
social dimensions of LBP (43,44). Individuals with CLBP
reported that this approach was different from their
previous physiotherapy experiences, and while some
of the patients reported no improvement at the end
of the process, others reported breakthroughs (45). In
addition to these results, there are also studies report-
ing that CFT provides better results in the treatment
of CLBP patients at a lower cost than does usual care
(46,47).

Research Agenda

Notably, there is not enough information about
the mechanisms of action of CFT. To deepen the under-
standing of CFT, future mediation studies are needed
(42,46). The relationship of CFT with pain intensity and
pain sensitivity remains unclear, and we believe that
further research is also needed in this area (47). When
the studies on CFT are examined, it is notable that they
have been conducted in specific countries, especially
in Australia. There is a need for future studies that
examine the effects of CFT in different cultures (45,46).
Finally, only a few studies compare the effectiveness
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of CFT with that of different biopsychosocial interven-
tions, necessitating future studies designed in this way
(Suppl. Table 1).

Clinical Implications

CFT is a low-risk, low-cost method that is compat-
ible with the recommendations of the guidelines (47),
provides biopsychosocial care administered by a phys-
iotherapist, and can be included in the treatment of
individuals with CLBP in clinical practice (47). By offer-
ing a different perspective from traditional approaches
such as manual therapy and exercise, this treatment
can increase individuals' ability to cope with pain and
contribute to their long-term recovery.

Pain Neuroscience Education (#7)

History

Recently, cognitive patient education has been
implemented significantly in the management of CLBP,
as an addition to existing manual therapy and exercise
therapy programs (49). Pain neuroscience education
(PNE), an educational strategy aimed at altering mal-
adaptive pain cognition and beliefs toward a more bio-
psychosocial understanding, has increased significantly
in the last 20 years (Suppl. Table 1).

Scientific Evidence

PNE has become a frequently used educational
intervention for chronic pain patients, can be provided
in several formats, and has been performed both as
a single intervention and in combination with other
treatment modalities in different studies (Suppl. Table
1).

Research has shown that PNE has positive effects
on kinesiophobia, fear-avoidance behaviors, disability,
and catastrophism (50), but the literature also empha-
sizes the importance of implementing PNE as part of a
complex biopsychosocial approach and not as a stand-
alone intervention for pain control (51).

Current clinical best-evidence guidelines recom-
mend a combination of physical exercise and PNE as
first-line treatments to improve functional and symp-
tomatic outcomes by reducing pain and improving
dysfunction (52-55). These guidelines are supported
by several recent studies, including one conducted
by Moseley et al (56) that mentions the link between
cognitive flexibility and chronic pain, with chronic pain
patients showing impaired working memory and ex-
ecutive functioning.

Additionally, Richter et al (57) highlighted diver-
gent results of recent publications, mentioning that the
addition of PNE to PE might provide improvements in
disability and pain only in the short term but hypoth-
esized that that result might also have been due to the
usage of heterogeneous groups of chronic musculo-
skeletal pain patients.

Research Agenda

King et al (53) described the need for future research
to explore the effects of PNE-and-exercise combinations
delivered in a homogeneous patient group setting (e.g.,
a group of CLBP patients) considering a tailored group
approach on clinical results and cost-effectiveness. Train-
ing clinicians in the use of PNE is believed to enhance
their knowledge and skills, though its impact on patient-
centered outcomes remains uncertain (Suppl. Table 1).
Furthermore, some studies describe the immediate
and short-term effects of combining PNE with existing
interventions and provide a rationale for controlled
trials with longer follow-up periods (Suppl. Table 1). Ad-
ditionally, Lane et al (58) described PNE as mostly having
been proven to be promising in small trials when imple-
mented in tightly controlled, homogeneous situations.

Wood et al (59) attempted to show evidence of
long-term improvements associated with PNE but failed
to prove their existence. Finally, Kim et al (54) describe
the importance of high-quality studies on the combina-
tion of PNE and exercise for CLBP patients, because of
the heterogeneity of interventional exercise types, PNE
formats, and patients in previous studies.

Recently, PNE has evolved toward a new educa-
tional approach: pain science education (PSE), which
includes other topics in addition to neuroscience. Ex-
amples of added subjects are immunology, psychology
and endocrinology, none of which has been investi-
gated extensively in relation to CLBP (Suppl. Table 1).
Furthermore, while in PNE, the recipient is passive,
PSE requires the patient to participate actively in the
process, which provides the opportunity to explore a
patient’s knowledge processes, making this approach
more patient-centered (56).

Clinical Implications

The positive effects of PNE on kinesiophobia, cata-
strophism, and fear-avoidance behavior indicate that
this approach may play an important role in the treat-
ment of CLBP. In clinical practice, it is therefore recom-
mended to implement this biopsychosocial approach as
part of a multimodal treatment (Suppl. Table 1).
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Moreover, when implementing PNE, health care
professionals (HCPs) should focus on the importance
of validation of the patient’s pain to enhance motiva-
tion, therapeutic alliance, and cognitive flexibility, by
including a comprehensive assessment (56). To increase
an individually tailored patient-centered approach, it is
crucial to identify learning criteria for success, as well as
clear goal setting, by extensively assessing the patient'’s
experience and the identification of specific concepts
for that patient (56). Finally, the HCP’s teaching experi-
ence in PNE is considered to be vital in increasing the
qualitative transfer of knowledge and education, em-
phasizing the recommendations of Lane et al (56) to
train clinicians to improve their knowledge and skills
to deliver PNE.

Manual Therapy (#8)

History

Manual therapy (MT) is a noninvasive, non-phar-
macological treatment consisting of various manual
techniques such as mobilization, manipulation, and
traction. This form of therapy is used widely in the
treatment of CLBP (Suppl. Table 1). The first study in
which MT was used in the treatment of CLBP was pub-
lished in 1985 (60), and many more studies have been
conducted on this subject since then. In the time period
we reviewed, we saw that MT was included as both an
experimental intervention and a control intervention.

Scientific Evidence

MT has been reported to exert a more acute anal-
gesic effect than does sham therapy and has positive
effects on disability and pain intensity after a 4- to
8-week treatment program in combination with active
exercises (61). The analgesic effect induced by MT was
seen not only when applied to the lumbar region but
also showed similar results when applied to the upper
thoracic vertebrae (62). Studies comparing MT with
various exercise interventions have reported similar ef-
fects on pain intensity and disability when MT is used as
a set of stabilization exercises (63), but these studies do
not show MT to be more effective than the McKenzie
method (64). The MT treatment program is also known
to provide similar changes to treatment-related lipids
and metabolites as those seen in association with motor
control exercises (65). A 2019 systematic review showed
moderate-quality evidence that MT offered similar
results to those of recommended treatments, such as
exercises, non-steroidal anti-inflammatory drugs, and

analgesics, on pain intensity and function in the short,
medium, and long term (66). A meta-analysis published
in 2021 supported those results (67).

In the time period we examined, many studies ex-
amining and comparing the effectiveness of different
MT techniques were also conducted. These techniques
include muscle energy techniques, osteopathic man-
ual therapy applications, and the Mulligan technique
(Suppl. Table 1). The designs of these studies are quite
heterogeneous, so it is not possible to draw conclusions
about the superiority of one technique over another.
In addition to appearing in studies investigating the
efficacy of MT, the form of therapy is also frequently
included in studies as a control intervention. In these
studies, MT is used in combination or in comparison
with cognitive-functional therapy, different exercise
approaches, especially stabilization exercises, and PNE
(Suppl. Table 1).

Research Agenda

In a 2023 bibliometric analysis of research trends
in MT for LBP, Huang et al (68) emphasized that there
remained a need for high-quality research to deter-
mine the intensity and standardization of MT and its
effectiveness in the treatment of LBP. Current MT stud-
ies are not considered to be of high quality due to the
lack of a clinically significant effect, the risk of bias, and
inconsistent results (69).

Clinical Implications

There is evidence that MT is an effective approach
to treating the pain-generating and function-impairing
components of CLBP (66,67), but the recommendations
of guidelines on its application in the clinic are not de-
finitive (69). Some guidelines recommend MT as part
of a treatment plan consisting of different treatment
strategies such as exercise and patient education (Sup-
pl. Table 1). In general, guidelines recommend manag-
ing CLBP within a biopsychosocial framework, but this
recommendation is not implemented adequately in
the clinic (70). Given this information, the clinical im-
plication is that if MT is included in the treatment, that
treatment program should be part of a biopsychosocial
approach.

#9 Mobile Application
History

Telerehabilitation (TR), through the extension of a
mobile phone app platform meant mainly for facilitat-
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ing exercises, allows patients to engage in therapeutic
activities using their smartphones. This phenomenon
leverages communication technology to deliver care
to patients remotely, offering the potential to address
various aspects of health, such as functional indepen-
dence, self-care, and the self-management of illness
(71,72).

Since the COVID-19 pandemic, researchers and
clinicians have searched for a non-face-to-face treat-
ment method that would reduce costs and maintain
or improve outcomes, resulting in a rapidly accelerated
development of telehealth (73-75). Furthermore, when
compared to conventional hospital or person-to-person
treatments, TR generally lowers expenses for medical
professionals and patients, providing a more cost-effec-
tive treatment modality, and increases the adherence
of patients to their home exercises (74,76).

Scientific Evidence

Previous studies have shown that TR exerts a
moderate, positive, and significant effect on clinical
outcomes for CLBP patients, whether the mobile ap-
plication through which that TR is administered is web-
based or phone-based. These benefits are also seen
whether TR is used as a stand-alone therapy modality
or combined with in-person exercise therapy (74). Ad-
ditionally, studies showed that TR was associated with
greater health benefits and lower costs, suggesting
that the therapy saved costs when compared to its
clinic-based counteraprt (71,74). Finally, studies hy-
pothesized that performing exercises at home allowed
the patient to perform the activity in a comfort zone
that provides greater safety in progressive movements
(75). However, to further increase the positive impact
of exercise therapy, it is suggested to combine TR with
supervised exercise therapy (74).

Research Agenda

Fatoye et al (71) described their study’s lack of
long-term follow-up and suggested that future stud-
ies assess health benefits from a long-term follow-up
in the cost-effectiveness analysis of TR. Mehendale et
al (74) stated this same shortcoming, expressing the
need for larger, higher-quality research with prolonged
follow-ups.

Clinical Implications

In clinical practice, most recommendations have
been made regarding the implementation of TR in
the home exercise program, in order to increase pa-

tients’ adherence to their exercise programs and lower
dropout rates (76,77). TR has been studied both as a
stand-alone therapy modality and as a part of a multi-
disciplinary treatment program that includes in-person
exercise therapy (74). As such, TR can be recommended
as an additional treatment modality in everyday clinical
practice to raise CLBP patients’ adherence to exercise
(Suppl. Table 1).

#10 Psychologically Informed Physical
Therapy

History

Biopsychosocial frameworks have been recom-
mended extensively in the treatment of CLBP, empha-
sizing the need to address the complexity of biological,
psychological, and social factors (Suppl. Table 1). Re-
cently, the concept of Psychologically Informed Physical
Therapy (PIPT) has arisen. This secondary prevention
approach aims to identify patients with an increased
risk of progressing from acute to chronic LBP by de-
termining the presence of psychological distress, and
this determination is made by implementing cognitive
therapy principles into impairment-focused physical
therapy (78,79). An important component of PIPT is
treatment monitoring, aimed at the progression of
psychological or physical impairments throughout the
treatment process (78,79). In this review, only 6 studies
on PIPT have been included, of which 3 discussed a spe-
cific screening tool, the STarT Back Screening Tool. The
other 3 included studies discussed psychological treat-
ment implications, which will be further elaborated on
below.

Scientific Evidence

In 2007, the Subgrouping for Targeted Treatment
(STarT Back Screening Tool) was developed as a tool
to identify high-risk patients presenting with fear
avoidance, catastrophizing, mood disturbances, and
perceived pain. In the past decade, this tool’s reliability,
construct validity, content validity, and responsiveness
among CLBP patients was studied thoroughly, but until
2018, the external predictive validity thereof had not
been proven successfully, which is necessary in export-
ing the STarT Back approach to different clinical set-
tings (78,80,81).

Research Agenda
Recent systematic reviews have identified psy-
chological distress, self-efficacy, and pain-related fear
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as major influential components in the evolution of
pain-related outcomes in CLBP patients. Furthermore,
the successful prediction of persistent disabling back
pain by the STarT Back approach has been proven to be
significant. However, these reviews present a high risk
of bias, include a limited number of studies, and are
inconclusive, and further research with stricter study
designs in this area has been recommended (Suppl.
Table 1).

Clinical Implications

In clinical practice, the STarT Back approach has been
shown to be a valid screening tool for pain levels, disabil-
ity, psychological affects and cognitions, and is preferred
by both physicians and patients over countless unidi-
mensional questionnaires. However, the STarT Back tool
should be used in addition to clinical examination, and
its interpretation is recommended to be performed by a
physician with extensive experience in clinical reasoning
(Suppl. Table 1).

Strengths and Limitations

This study is the first bibliometric analysis of the
biopsychosocial approach in CLBP treatment and
makes an important contribution to the field. The ini-
tial screening, conducted by 2 researchers prior to the
bibliometric analysis, enabled more accurate results to
be obtained by eliminating irrelevant publications. In
addition, VosViewer and CiteSpace, 2 software tools
frequently used in bibliometric analyses, were used in
this study, which increased the reliability of our find-
ings. By focusing on the 6 largest clusters related to
the biopsychosocial approach derived from the refer-
ences, this research offers both scientific and clinical
insights, thus providing valuable implications for fu-
ture research and clinical practice in the management
of CLBP.

This study has several limitations, however.
First, our analysis was restricted to studies indexed
in the WOS database, potentially omitting relevant

research published elsewhere. Inclusion criteria were
limited to articles and reviews written in English,
which might have resulted in language bias. Further-
more, because of the large number of clusters ob-
tained, we chose to discuss only those relevant to the
biopsychosocial approach within the top 10 clusters
to maintain focus.

CONCLUSION

This bibliometric analysis provides an overview of
research on the biopsychosocial approach in CLBP treat-
ment from 2012 to 2023. The study reports the main
contributing countries, institutions, journals, authors,
references, and key words over the 11-year period and
maps the knowledge network. The number of publica-
tions in this field has visibly increased over the years.
Our analysis highlighted a variety of biopsychosocial
interventions, including exercise therapy (eventually
supported by eHealth), cognitive-functional therapy,
pain neuroscience education, manual therapy, and
psychologically informed physical therapy, each con-
tributing uniquely to CLBP management. The evidence
supports the inclusion of these interventions in a mul-
timodal treatment approach and is in line with current
clinical guidelines that recommend a combination of
physical exercise and educational strategies to improve
functional outcomes in CLBP patients.

However, high-quality, long-term studies are
needed to better understand the effectiveness and im-
plementation of various biopsychosocial approaches in
different cultural contexts. Furthermore, the potential
of mobile apps and telerehabilitation as cost-effective,
accessible treatment modalities warrants further inves-
tigation, especially in a post-pandemic world where
remote health solutions are becoming increasingly
important.

Future research needs to address the identified
gaps, particularly to understand the long-term effec-
tiveness of these interventions and their integration
into clinical practice.

Supplemental material available at www.painphysicianjournal.com
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Suppl. Table 2. Complete search strategy

Database Search Strategy

(TS=("back pain") OR TS=("vertebral pain") OR TS=("lumbar pain") OR TS=("lumbosacral pain") OR TS=("backpain") OR
TS=("backache") OR TS=("dorsalis") OR TS=("lumbago") OR TS=("lumbalgia") OR TS=("sciatic") OR TS=("lumbodynia") OR
TS=("spinal pain") OR TS=("spine pain") OR TS=("thoracolumbar")) AND (TS=(exercise) OR TS=("conservative treatment")
OR TS=("conservative management") OR TS=("conservative approach") OR TS=(“non-pharmacological treatment”) OR
TS=(“non-pharmacological management”) OR TS=(“non-pharmacological approach”) OR TS=("multidisciplinary") OR
TS=("transdisciplinary") OR TS=("interdisciplinary") OR TS=("exercise therapy") OR TS=(“physical therapy”) OR TS=(*
therapeutic exercise”) OR TS=("rehabilitation") OR TS=("physiotherapy")) AND (TS=("chronic") OR TS=("persistent"))

Web of
Science

Publication years (2012-2023)
Filters Languages (English)
Document types (Article, review article, proceeding paper, early access)

Suppl. Table 3. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
Adults with chronic low back pain Animals
Biopsychosocial evaluation or intervention | Children (<18 y/o)
Published between 2012 and 2023 Undefined chronic pain
Both original and secondary studies (Sub)acute low back pain
Neck/thoracic pain

Only pharmacological treatments

Surgery

Letter, Editorial Material, Meeting abstract, Book chapters, Correction, News Item, Reprint, Note,
Retracted Publication, Retraction, Meeting




Suppl. Table 4.

Details of CiteSpace parameters

CiteSpace parameters

- Link retaining factor: 3.0

- Look back years: 5

- Time span: 2012-2023

- Selection criteria: g-index scale factor of 25

- For mesh trimming link: “Pathfinder” and “Pruning sliced meshes”

Suppl. Table 5.

Descriptions of structural metrics

Structural .

X Description **
metrics
Centralit Information about hotspots connecting different clusters by calculating the shortest paths between nodes in the network. High

¥ centrality means closer collaboration and stronger academic influence.

Modularity | Information about the cluster structure by measuring the extent to which the network can be partitioned. It ranges between 0
score (Q) and +1, and cluster structure is considered significant when it is greater than 0.3. A higher score means better network structure.
Silhouette Verifies the consistency of the cluster structure and ranges from -1 to +1. A score above 0.5 is considered reasonable and above
score (S) 0.7 is considered highly reliable.
Burstness Measures the rate of change and indicating the duration of the change if a sudden change has occurred over time.

Suppl. Table 6.

Bibliometric analysis details and software used

Analysis details

Analysis of Publication | The design and distribution of the individual studies by years (CiteSpace).

Bibliometric map of countries included in the individual studies (CiteSpace, VOSViewer).

Analysis of Countries Countries with the highest values based on publication numbers and centrality scores in the individual studies

(CiteSpace).

Bibliometric map of institutions included in the individual studies (CiteSpace, VOSViewer).

Analysis of Institutions | Institutions with the highest values based on publication numbers and centrality scores in the individual studies

(CiteSpace).

Bibliometric map of journals where the individual studies were published (CiteSpace, VOSViewer).

Analysis of Journals Identification of journals with the highest values based on publication and citation counts in the individual studies

(CiteSpace).

Identifying and combining nodes consisting of names of the same author written in different formats (CiteSpace).

Analysis of Authors Bibliometric map of authors involved in the individual studies (CiteSpace).

Authors with the highest values based on publication and co-citation counts in the individual studies (CiteSpace).

Bibliometric map of articles cited by the individual studies (CiteSpace, VOSViewer).
Citation counts of studies based on the map (CiteSpace).

Keywords

ﬁ:fae lry:;i:; Co-Cited Identification of articles with the highest citations (CiteSpace).
Burstness analysis to identify references experiencing a burst in citations between 2012 and 2023 (CiteSpace).
Clusters of references based on "keyword" (CiteSpace).

Analysis of Co- Bibliometric map of keywords from the individual studies (CiteSpace, VOSViewer).

Occurrence and Burst Identification of the most frequently used and highest centrality keywords (CiteSpace).

Burstness analysis to identify keywords experiencing a burst between 2012 and 2023 (CiteSpace).




Suppl. Table 7. Merged words in CiteSpace

Abdominal Muscles Abdominis

Attitudes And Beliefs Attitudes

Attitudes And Beliefs Beliefs

Avoidance Beliefs Avoidance
Biopsychosocial Approach Biopsychosocial Model

Central Sensitization

Central Sensitivity Syndrm

Chronic Low Back Pain

Chronic Low-Back Pain

Chronic Spinal Pain Spinal Pain
Chronic Neck Pain Neck Pain
Chronic Back Pain Back Pain

Chronic Musculoskeletal Pain

Musculoskeletal Pain

Chronic Spinal Pain

Chronic Back Pain

Chronic Neck Pain

Chronic Neck

Chronic Pain

Defining Chronic Pain

Chronic Low Back Pain

Nonspecific Low Back Pain

Chronic Low Back Pain

Low Back Pain

Clinical Trials

Clinical Trial

Clinical-Practice Guidelines

Clinical-Practice Guideline

Clinical-Practice Guidelines

Practice Guidelines

Clinical Practice Guidelines

Clinical Practice Guideline

Clinical-Prediction Rules

Clinical-Prediction Rule

Clinical Prediction Rules

Clinical Prediction Rule

Clinically Important Difference

Clinically Important Change

Complementary And Alternative Medicine

Complementary Therapies

Complementary And Alternative Medicine

Complementary

Complementary And Alternative Medicine

Complementary Medicine

Cognitive Behavioral Therapy

Cognitive Behavioural Therapy

Cognitive Behavioral Therapy

Cognitive Behavioral

Classification Approach

Classification

Classification Approach

Classification

Cognitive Behavioral Therapy

Cognitive Behavioral Treatment

Core Stabilization Exercises

Core Stabilization Training

Core Stability Exercises

Core Stability Exercise

Core Stabilization Exercises

Core Stability Exercises

Core Stabilization Core Stability

Core Muscles Trunk Muscles

Costs Cost

Costs And Cost Analysis Costs

Cost Effectiveness Cost-Effectiveness Analysis

Cross Cultural Adaptation

Cross-Cultural Adaptation

Disability Functional Disability
Disease Diseases

Disability Evaluation Disability Scale
Disability Disability And Health




Suppl. Table 7 cont. Merged words in CiteSpace

Disc Intervertebral Disc
Exercise Exercises

Emg Electromyographic Activity
Exercise Exercise Interventions
Exercise Exercise Program

Exercise Exercise Rehabilitation
Exercise Exercise Therapy

Exercise Physical Exercise

Exercise Therapeutic Exercise
Experience Experiences

Fear Avoidance Beliefs

Fear-Avoidance Beliefs

Functional Restoration Program

Functional Restoration

Flexion Relaxation

Flexion Relaxation Phenomenon

Functional Restoration Program

Functional Restoration

General Exercises

General Exercise

Guidelines Guideline

Guidelines European Guidelines
Guidelines Practice Guidelines
Guidelines Clinical Practice Guidelines
Guidelines Clinical Guidelines
Interventions Intervention

Interferential Current Electrotherapy

Interferential Current

International Classification Of Functioning

International Classification

Improvement Improve

Interventions Interventional Therapy
Health Survey Health Survey Sf 36
Hip Motion Hip Rotation

High Intensity Training High Intensity

Hospital Anxiety Depression Scale
Low Back Pain Low-Back Pain
Low Back Pain Lower Back Pain
Chronic Low Back Pain Low Back Pain

Lumbar Multifidus

Lumbar Multifidus Muscle

Magnetic Resonance Imaging

Mri

Models

Model

Morris Disability Questionnaire

Disability Questionnaire

Motor Control Exercise

Motor Control Exercises

Multifidus Multifidus Muscle
Multifidus Multifidus Muscles
Muscle Muscles

Multidisciplinary Treatment

Multidisciplinary Rehabilitation

Multidisciplinary Treatment

Multidisciplinary Treatment Program

Musculoskeletal Conditions

Musculoskeletal Disorders

Multifidus

Lumbar Multifidus

Nonspecific Low Back Pain

Non-Specific Low Back Pain




Suppl. Table 7 cont. Merged words in CiteSpace

Nonspecific Low Back Pain

Nonspesific Low Back Pain

Oswestry Disability Index

Disability Index

Pain Neuroscience Education

Neuroscience Education

Pain Neuroscience Education

Neurophysiology Education

Outcome Measurement Instruments

Outcome Measures

Outcome Measurement Instruments

Outcm

Perception Patient Perception

Physical Therapists Physiotherapists

Physical Therapy Physiotherapy

Physical Therapy Physical Therapy Modalities
Physical Therapy Physical Therapy Specialty
Predictors Prediction

Primary Care

Primary Care Management

Primary Care

Primary Health Care

Programs

Program

Randomized Controlled Trial

Randomized Controlled Trials

Randomized Controlled Trial

Randomised Controlled Trial

Randomized Controlled Trial

Randomized Clinical Trial

Randomized Controlled Trial

Randomized Trial

Randomized Controlled Trial Double Blind
Resistance Training Resistance Exercise
Risk Factors Risk Factor

Morris Disability Questionnaire Roland Morris
Scales Scale

Screening Tool

Screening Questionnaire

Spinal Manipulative Therapy

Spinal Manipulation

Stabilization Exercise

Stabilization Exercises

Stabilization

Lumbar Stabilization

Stabilization Exercise

Lumbar Stabilization Exercise

Emg Surface Electromyography

Systematic Review Systematic Reviews

Symptoms 3 Symptoms

Tens Transcutaneous Electrical Nerve Stimulation
Tens Electrical Nerve Stimulation

Therapeutic Alliance Alliance

Trials Trial

Version Versions

Cost Effectiveness

Economic Evaluation

Health Care Costs Expenditures
Health Care Costs Health Care Utilization
Turkiye Turkey

Costa, Leonardo O P

Pena Costa, Leonardo Oliveira

Pinto, Rafael Z

Pinto, Rafael Zambelli

Ferreira, Paulo H

Ferreira, Paulo Henrique

Ferreira, Paulo H

Ferreira, PH
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Mabher, Christopher G

Mabher, Chris G

Mabher, Christopher G

Mabher, C G

Marshall, Paul W

Marshall, Paul W M

Marshall, Paul W

Marshall, Paul

Smith, Anne

Smith, Anne J

Costa, Luciola C Menezes

Menezes Costa, Luciola Da Cunha

Hancock, Mark

Hancock, Mark ]

Macedo, Luciana G

Macedo, Luciana Gazzi

Miyamoto, Gisela C

Miyamoto, Gisela Cristiane

Ben-Ami, Noa

Ben Ami, Noa

Arroyo-Morales, Manuel

Arroyo-Morales, M

Alcuri, Rosia

Arcuri, R

Ferreira, Manuela L

Ferreira, M L

ChouR Chou Roger
Hodges P Hodges Pw
Higgins | Higgins Jpt
Van Tulderm Van Tuldermw
Fairbank Jct Fairbank Jc
Fairbank Jct Fairbank J
Foster Ne Foster Nadinee
Maher C Maher Cg
Moher D Moher David
Osullivan Pb Osullivan P
Nicholas Mk Nicholas M
Pincus T Pincus Tamar

Qaseem Amir

Qaseem A




