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Objective: Aquatic exercise therapy has gained recog-
nition as a valuable non-pharmacological interven-
tion for managing musculoskeletal disorders. Despite
the growing body of evidence supporting its efficacy,
research on aquatic exercise therapy remains frag-
mented, with limited understanding of key trends,
influential studies, and evolving themes within the
field. This study aims to conduct a comprehensive
bibliometric analysis to identify publication trends,
key authors, and the evolution of research themes in
aquatic exercise therapy for musculoskeletal disor-
ders.

Methods: A total of 117 articles were selected based
on predefined search terms and inclusion criteria,
resulting in 3,985 citations, with an average of 35.9
citations per article and an H-index of 37.

Results: Publications surged between 2013 and
2024, accounting for 88.3% of total output. Peaks
occurred in 2019 (n=14) and 2022 (n=368 cita-
tions). Key contributors include Mariana Arias Avila
and Basia Belza, with journals such as BMC Mus-
culoskeletal Disorders and Arthritis & Rheumatism-
Arthritis Care & Research playing pivotal roles.
Research trends shifted from disease-specific stu-
dies to broader quality-of-life outcomes, with key-
words such as “rheumatoid arthritis™, “"balneothe-
rapy", and “quality of life” emerging as focal points.
Conclusion: The findings underscore the growing
importance of aquatic exercise therapy in clinical
rehabilitation and suggest that future research should
focus on long-term outcomes, underrepresented
populations, and the integration of aquatic exercise
therapy with emerging rehabilitation technologies.
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Musculoskeletal disorders (MSDs) are a group
of conditions that affect the muscles, bones,
joints, and connective tissues, leading to pain, reduced

/LAY ABSTRACT )

With the ageing of the world population, musculos-
keletal diseases affecting muscles, joints, and bones
are becoming more and more common. Many people
have begun to use non-drug therapy, such as aquatic
exercise therapy, to treat these diseases. This study
analyses the trends and key areas of aquatic exer-
cise therapy research in musculoskeletal diseases,
using 117 studies published from 1972 to 2024. Our
analysis shows that since 2013 people’s interest in
aquatic exercise therapy has increased significantly,
which may be due to the increasing demand for ef-
fective and non-drug therapies for the elderly. Early
research focused on specific diseases such as rheu-
matoid arthritis, but recent research has emphasized
improving the overall quality of life and standardizing
treatment methods to make aquatic exercise therapy
more extensive and effective. These findings provide
important insights for developing better and more ac-
cessible aquatic exercise therapy programmes to help
musculoskeletal diseases patients stay active and im-
\prove their quality of life. )

mobility, and decreased quality of life (1-4). These
disorders are among the most common causes of
disability worldwide, affecting millions of people each
year. The global prevalence of MSDs is increasing,
driven by factors such as ageing populations, sedentary
lifestyles, and an increase in chronic conditions such
as obesity and diabetes (5). According to the World
Health Organization (WHO), MSDs account for a
significant portion of the global burden of disease,
with conditions like osteoarthritis, low back pain, and
rheumatoid arthritis ranking among the top contribu-
tors to disability-adjusted life years (6).

The management of MSDs is complex and often
requires a multidisciplinary approach, combining
pharmacological treatments, physical therapy, and, in
some cases, surgical interventions (7). Traditionally,
non-pharmacological treatments, including physical
activity and exercise, have played a central role in MSD
management (8). These interventions aim to reduce
pain, improve function, and enhance overall well-being.
However, the effectiveness of these treatments varies,
and patients often require individualized care to address
the specific challenges posed by their condition.
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Aquatic exercise therapy (AET) has emerged as a
promising non-drug intervention for the rehabilitation
of patients with MSDs. AET involves exercise per-
formed in water, which provides a unique therapeutic
environment that can reduce the load on joints, improve
circulation, enhance muscle strength, and improve
flexibility, all while minimizing the risk of injury (9).
Water’s buoyancy reduces the stress on the musculos-
keletal system, making AET particularly effective for
individuals with osteoarthritis, fibromyalgia, back pain,
and other chronic musculoskeletal conditions that may
be aggravated by traditional land-based exercise (10).

Over the past few decades, AET has gained in-
creasing attention in the field of rehabilitation as an
alternative or complementary therapy for managing
MSDs. Several studies have demonstrated its effecti-
veness in reducing pain, improving physical function,
and enhancing overall quality of life in patients with
various musculoskeletal conditions (11, 12). The
therapeutic properties of water, including hydrostatic
pressure, buoyancy, and resistance, make it an ideal
medium for exercise, especially for individuals with
limited mobility or those recovering from surgery or
injury. Moreover, AET offers psychological benefits
by fostering a sense of well-being, reducing anxiety,
and promoting social interaction, all of which are es-
sential components of a holistic rehabilitation approach
(13). Interventions for MSDs are mainly conservative
measures, including drug intervention and non-drug
intervention. In the traditional conservative treatment
of MSDs, drugs, injections, or electroshock therapy are
often expensive (14), and the effect is not good (15). As
one of the non-drug interventions for MSDs, the unique
characteristics of aquatic exercise may enable people
to undertake exercise that they cannot do on land.
The benefits provided by the aquatic environment are
mainly related to the physical characteristics of water,
such as density, hydrostatic pressure, and buoyancy
(16), which can provide such benefits as increasing
muscle strength (17, 18) and reducing the stress on bo-
nes, joints, and muscles (19). Studies have shown that
AET is beneficial to Parkinson’s disease (20), multiple
sclerosis (21), chronic kidney disease (22), and so on.
In addition, this method can also significantly improve
the pain management, functional activity, and overall
quality of life of patients with MSDs, such as chronic
low back pain (23), ankylosing spondylitis (24), and
knee osteoarthritis (25). Therefore, as a new physical
therapy method, AET is increasingly welcomed by
doctors and patients with MSDs, and the publication
of related scientific research is also increasing yearly.

At present, there have been related systematic re-
views and meta-analyses to sort and summarize the
studies on AET of MSDs (26-28). Nevertheless, these
studies mostly focus on evaluating specific diseases or
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individual curative effects and fail to systematically
reveal the development trend and research hotspots of
AET research from a macro perspective. Bibliometric
analyses allow for the identification of key trends,
influential authors, major journals, and thematic shifts
in the literature, offering valuable insights into the de-
velopment of the field and guiding future research (29).
However, there is still a lack of relevant bibliometrics
research on applying AET in MSDs. To make up for
this gap, this study aims to comprehensively evaluate
the research status of AET in treating MSDs through
bibliometric analysis and reveal the global research
hotspots and evolution trends in this field.

This study aims to fill this gap by performing a bib-
liometric analysis of the literature on aquatic exercise
therapy for musculoskeletal disorders, with a focus
on identifying key publication trends, the distribution
of research across major authors and journals, and the
evolution of research themes over time. Specifically,
this analysis will explore the growth of AET research
from 1972 to 2024, examine the geographic distribu-
tion of research contributions, and identify the most
cited articles in the field. Additionally, this study
will highlight the changing research priorities, from
disease-specific interventions to broader outcomes
related to functional rehabilitation and quality of life,
providing valuable information for researchers and
clinicians working to optimize AET for MSDs. By
addressing these objectives, the study aims to con-
tribute to a better understanding of the current state
of AET research for MSDs, identify key gaps in the
literature, and provide recommendations for future
research directions. This bibliometric analysis will also
serve as a valuable resource for researchers, healthcare
providers, and policymakers involved in the develop-
ment and implementation of AET programmes for the
management of musculoskeletal disorders.

METHODS

Data collection and search strategies

This study conducted a bibliometric analysis using data sourced
from the Web of Science Core Collection (WoSCC), a widely
recognized database that offers comprehensive coverage of
high-impact scientific publications across various disciplines.
As no human or animal subjects were involved, ethical approval
was not required. The study aimed to provide a comprehensive
overview of global research trends in AET for MSDs by ana-
lysing publication trends, author contributions, journal impact,
and thematic evolution over the past 5 decades.

The literature search was conducted on 18 February 2025, fol-
lowing a well-defined search strategy using Boolean operators
“AND” and “OR” to ensure a balance between specificity and
comprehensiveness in retrieving relevant studies. The search
query was designed to capture publications related to AET and
MSDs by focusing on titles containing key terms associated with
aquatic exercise interventions and musculoskeletal conditions.
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The initial search query was formulated as follows:

Search query: TI=(hydrotherapy OR aquatic exercise OR
water-based exercise) AND (musculoskeletal disorders
OR back pain OR neck pain OR arthritis OR osteoarthritis
OR joint pain OR fracture OR fibromyalgia OR rheuma-
toid arthritis OR shoulder pain).

The search terms were selected based on a thorough review of the
existing literature, consultation with subject matter experts, and
consideration of terminological variations found in prior studies.
Keywords such as “hydrotherapy” and “headache” were excluded
from the revised search strategy to ensure that the retrieved re-
cords focused specifically on exercise-based interventions rather
than passive water therapies or conditions not directly related to
the musculoskeletal system. The rationale for keyword selection
was to include a diverse but relevant range of musculoskeletal
conditions that are commonly managed with aquatic exercise
therapy while ensuring that the results remained within the scope
of the study.

To ensure the relevance and quality of the dataset, the fol-
lowing inclusion and exclusion criteria were applied. Inclusion
criteria: (i) publications published between 1972 and 2024,
covering the evolution of AET in MSDs; (i7) articles published
in peer-reviewed journals indexed in WoSCC; (iii) literature
categorized as original research articles and systematic reviews
relevant to the topic; (iv) articles published in English, to main-
tain consistency and avoid translation biases. Exclusion criteria:
(v) non-English articles (n=5); (2) articles published in 2024,
due to incomplete indexing at the time of search; (3) conference
abstracts, editorials, and opinion papers.

After retrieving an initial total of 175 records from the WoSCC
database, a rigorous screening process was implemented in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (30). The
screening process involved the exclusion of publications from
the year 2024 due to incomplete data indexing at the time of
the search, as well as the removal of non-English articles (n=5)
to maintain consistency and reduce language bias. To ensure
the quality and relevance of the dataset, only original research
articles (n=95) and systematic reviews (n=16) were included,
resulting in a final sample of 111 articles that were subjected to
detailed analysis. The selection process is visually summarized
in the PRISMA flowchart (Fig. 1), illustrating the step-by-step
exclusion and inclusion criteria applied during data curation.

Data analysis strategy

The bibliometric data extracted from WoSCC were then proces-
sed and analysed using a combination of manual curation and
specialized bibliometric software tools. Microsoft Excel 2019
(Microsoft Corp, Redmond, WA, USA) was employed to orga-
nize descriptive statistics, such as the number of publications
per year, citation trends, and author contributions. The BibTeX
format was chosen for exporting bibliographic records, ensuring
the inclusion of complete citation information and enhancing
data integrity. Once the data were collated, they were imported
into Biblioshiny, an R-based application of the Bibliometrix
(https://www.bibliometrix.org’/home/) package, which facilitates
advanced bibliometric analysis and visualization.

The analysis involved several key bibliometric indicators to
systematically examine research trends and impact in this field.
Descriptive bibliometric indicators, including annual publica-
tion output, citation count distributions, and authorship metrics,
were used to evaluate the growth and influence of research over
time. A co-authorship analysis was conducted to identify col-
laborative networks among leading researchers and institutions
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Fig. 1. PRISMA flowchart.

contributing to the field. The journal impact analysis focused
on identifying core journals that have consistently published
high-impact research on AET for MSDs, considering metrics
such as impact factors and H-indices.

To capture thematic trends and research focus shifts over
time, keyword co-occurrence analysis was conducted to identify
frequently occurring terms and evolving topics. This analysis
provided insights into how the research focus has evolved,
from initial investigations into the effects of aquatic exercise on
specific musculoskeletal conditions to broader considerations
of quality-of-life improvements and intervention standardiza-
tion. The evolution of research themes was further examined
through thematic mapping, highlighting the emergence of new
topics and their relationships with established areas of study.
In addition to keyword co-occurrence analysis, a citation net-
work analysis was performed using VOSviewer (https://www.
vosviewer.com/), a widely used bibliometric visualization tool
that enables clustering of influential studies and identification of
citation relationships between key publications. This approach
allowed for the identification of foundational studies that have
shaped the current understanding of AET in the management of
MSDs. Throughout the analysis, efforts were made to ensure the
robustness and reliability of the findings by cross-referencing
results with previously published bibliometric studies in the
field of rehabilitation and exercise science. The data analysis
workflow was structured to minimize potential biases, such as
those arising from database limitations or language restrictions,
and to provide an accurate representation of the global research
landscape.

It is important to acknowledge the limitations of the current
study. The reliance on a single database, WoSCC, may not
fully capture relevant studies indexed in other databases such
as Scopus or PubMed, potentially leading to an incomplete
representation of the field. Additionally, the exclusion of non-
English articles may have introduced a language bias, limiting
the generalizability of findings to predominantly English-
language publications. Furthermore, although efforts were made
to refine the search terms, the evolving terminology in the field
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Fig. 2. Chart of trends in publication delivery and citations.

may have resulted in the omission of certain relevant studies that
used alternative descriptors for aquatic exercise interventions.

RESULTS
Publication trend analysis

Based on the selected search terms and inclusion
criteria, we identified and analysed 117 articles publis-
hed over a 52-year period from 1972 to 2024. These
articles collectively received 4,070 citations, with an
average of 34.79 citations per article and an H-index
of 37. As shown in Fig. 2, the number of publications
and citations in this field demonstrated a rapid growth
trend from 2014 to 2024. During this 11-year period, 76
articles were published, accounting for 64.96% of the
total publications. The peak in the number of published
articles occurred in 2019 (n=14), while the highest
number of citations was recorded in 2022 (n=2349).

Distribution of main authors

The distribution of leading authors is presented in
Table I. The most prolific (n=4) and influential (H-in-

Table I. Top 4 main authors in aquatic exercise therapy research
for managing musculoskeletal disorders

Document
Rank Authors Countries number Citations H-index
1 Avila, Mariana Arias  Brazil 4 41 4
2 Belza, Basia USA 3 282 3
3 Donald Patrick USA 3 149 3
4 Waller, Benjamin Finland 3 166 3

dex=4) author in the field of AET for MSDs is Mariana
Arias Avila from the Department of Physiotherapy,
Federal University of San Carlos, Brazil. The most
cited author (»=282) is Basia Belza from the School
of Nursing, University of Washington, USA.

Country/region contribution

We then assessed the current status of AET for MSDs
studies in different countries. The literature was mainly
provided by 39 countries/regions (Fig. 3). Brazil was
the main contributor, with 27 publications (23.1% of
the total), followed by the United States (13 publi-
cations, 11.1%) and China (12 publications, 10.3%).
South America, especially Brazil, leads the field, while
North America, Europe, and Asia also show significant
contributions, albeit at a lower level. Spain, Turkey,
and Finland were the main contributors in Europe, with
other countries contributing fewer papers. Overall, re-
search in this field has focused on South America and
specific European and Asian countries, while other re-
gions, including parts of Africa, have contributed less.

Periodical distribution analysis

The research literature on AET for MSDs is published
across 83 different scientific journals. Based on the cri-
teria of publishing at least 3 articles, we present the top
8 journals in terms of publication volume in Table II.
The most frequently published journal is BMC Muscu-
loskeletal Disorders (n=17), while the most influential
journal, as indicated by its impact factor (CQ=28.955),
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Fig. 3. Geographic map of global research on aquatic exercise therapy as treatment for the management of musculoskeletal disorders.

18 Arthritis & Rheumatism-Arthritis Care & Research.
Six of these 8 journals are ranked in the Q1 quartile.

Most cited articles

Table III provided focuses on the 10 most cited articles
concerning the effects of AET on osteoarthritis and
fibromyalgia, of which “Does hydrotherapy improve
strength and physical function in patients with osteo-
arthritis: a randomised controlled trial comparing a
gym based and a hydrotherapy based strengthening
programme” was the most cited, at 212 times (31).
The second highest cited (n=210) article is “Physical
activity for osteoarthritis management: a randomized
controlled clinical trial evaluating hydrotherapy or Tai
Chi classes” (32). Both studies compare the measurable
clinical benefits of water sports and land sports (gym
sports and Tai Chi) for patients with osteoarthritis. In
addition, 3 review articles (32—34) analysed the effects
of AET on a series of results of different groups of
people, including relieving pain, improving flexibility,
and aerobic fitness. This is of great significance in

synthesizing the evidence of AET and helps formulate
clinical guidelines.

These 10 articles has been published in various
sources, including high-impact journals such as Rheu-
matology Yearbook, Arthritis & Rheumatism-Arthritis
Care & Research, and the Cochrane Systematic Review
Database.

Topic trend analysis

Trend topic analysis is a crucial mapping tool that
helps identify key themes and shifts in focus over time,
indicating evolving research priorities. By checking
keywords and maintaining a frequency of at least 9
words per year and a maximum of 7 words per year,
different topics for different years were identified
(Fig. 4). The details are as follows: 2008, “rheumatoid
arthritis™; 2010, “physical activity and arthritis™; 2013,
“balneotherapy”; 2014, “quality of life and pain”;
2015, “water, randomized control trial, strength and
therapy”; 2016, “exercise, knee osteoarthritis, program
and older adults”; 2017, “recommendations, land based

Table II. Top 8 main journals publishing aquatic exercise therapy research for managing musculoskeletal disorders

Documents JIF CcQ
Rank Journal (% of 117) (2023) (2023)
1 BMC Musculoskeletal Disorders 7 (5.983) 2.2 Q2
2 Clinical Rehabilitation 4 (3.419) 2.6 Q1
3 American Journal of Physical Medicine Rehabilitation 4 (3.419) 2.2 Q1
4 Archives of Physical Medicine and Rehabilitation 4 (3.419) 3.6 Q1
5 Physical Therapy 4 (3.419) 3.5 Q1
6 Arthritis & Rheumatism-Arthritis Care & Research 3 (2.564) 8.955 Q1
7 Cochrane Database of Systematic Reviews 3 (2.564) 8.8 Q1
8 Rheumatology International 3 (2.564) 3.2 Q2

JIF: journal impact factor; CQ: category quartile.
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Fig. 4. Trends in thematic focus in aquatic exercise therapy research for the management of musculoskeletal disorders.

exercise and adults™; 2018, “disability, hydrotherapy,
and management’’; 2019, “aquatic exercise, people, and
the validation and reliability”. These thematic shifts in-
dicate the broadening focus of AET research for MSDs,
transitioning from disease-specific studies to a more
holistic approach emphasizing functional rehabilita-
tion and quality of life. This evolution highlights the
growing importance of personalized, outcome-based
interventions in the field.

DISCUSSION

This bibliometric analysis offers valuable insights into
the evolving trends and influence of AET for MSDs
over the past 5 decades. The results indicate a signi-
ficant growth in both the number of publications and

citations, particularly from 2014 to 2024, highlighting
the increasing interest in AET as a non-pharmacologi-
cal approach to managing MSDs. This growth mirrors a
broader shift in healthcare towards non-drug therapies,
driven by a growing body of evidence supporting the
benefits of AET for improving functional outcomes
and quality of life in patients with MSDs.

Publication growth and citation trends

The surge in publications and citations during the
past decade reflects the growing recognition of AET’s
efficacy in managing a variety of musculoskeletal
conditions, such as osteoarthritis, fibromyalgia, and
back pain. The peak in publication activity from 2014
to 2024 aligns with several global health trends, such

Table III. Top 10 cited articles

Rank Title

1 Does hydrotherapy improve strength and physical function in patients with Article 212
osteoarthritis: a randomised controlled trial comparing a gym based and a
hydrotherapy based strengthening programme (34)

Document type Total citations Journals

Annals of the Rheumatic Diseases

2 Physical activity for osteoarthritis management: a randomized controlled Article 210 Arthritis and Rheumatism
clinical trial evaluating hydrotherapy or Tai Chi classes (47)
3 Aquatic exercise for the treatment of knee and hip osteoarthritis (33) Review 181 Cochrane Database of Systematic
Reviews
4 Effects of aquatic exercise on flexibility, strength and aerobic fitness in adults  Article 148 Journal of Advanced Nursing
with osteoarthritis of the hip or knee (48)
5 A randomized controlled trial of deep water running: clinical effectiveness of Article 136 Arthritis and Rheumatism
aquatic exercise to treat fibromyalgia (49)
6 Hydrotherapy versus conventional land-based exercise for the management of Article 135 Physical Therapy
patients with osteoarthritis of the knee: a randomized clinical trial
7 Aquatic exercise training for fibromyalgia (32) Review 131 Cochrane Database of Systematic
Reviews
8 Effectiveness of aquatic exercise for obese patients with knee osteoarthritis: a  Article 97 PM R
randomized controlled trial (50)
9 Economic evaluation of aquatic exercise for persons with osteoarthritis (51) Article 97 Medical Care

10 Systematic review and meta-analysis comparing land and aquatic exercise Review 96 BMC Musculoskeletal Disorders
for people with hip or knee arthritis on function, mobility and other health

outcomes (34)
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as the ageing population and the increasing focus on
chronic disease management through rehabilitation
and exercise rather than medication alone. The rapid
increase in citations, particularly in 2022, suggests that
AET is gaining prominence not only in rehabilitation
circles but also in mainstream clinical settings, where
its potential to improve both physical function and
pain management is increasingly recognized (23). This
upward trajectory can also be attributed to the growing
number of systematic reviews and meta-analyses that
synthesize findings from individual studies, making the
evidence more accessible and convincing to clinicians.

The significant rise in publications in 2019 and
2022 reflects important milestones in research funding
and clinical adoption. It is likely that these increases
were facilitated by policy shifts in healthcare that
emphasize patient-centred care and cost-effective
therapeutic alternatives, such as exercise-based tre-
atments, particularly in the management of chronic,
non-communicable diseases (23). This trend is in
line with global healthcare initiatives that encourage
non-invasive interventions for long-term disease ma-
nagement, especially given the economic burden of
pharmacological treatments.

Implications of country/regional contribution
differentiation

The analysis of country/regional contributions shows
that Brazil is the main contributor with 27 publications
(23.1%), followed by the United States (n=13, 11.1%)
and China (n=12, 10.3%). Brazil’s strong position may
stem from its strong healthcare system focused on reha-
bilitation therapy and an academic environment that pri-
oritizes physical therapy research. While contributions
from the United States and China are significant, their
research in AET is not as prominent, possibly because
they are more focused on other forms of treatment.
European countries such as Spain (10 papers, 8.5%)
and Turkey (6 papers, 5.1%) are also active, reflecting
the region’s interest in non-pharmacological treatments
for MSDs. However, regions such as Africa and parts
of Europe have fewer submissions, which may be due
to limited research infrastructure, healthcare priorities,
and economic factors. Despite these differences, global
trends point to a growing interest in AET, indicating a
growing recognition of AET as a viable treatment. More
investment in research and infrastructure, especially in
underrepresented regions, could further enhance global
research outcomes in this field.

Thematic shifts in AET research

One of the most striking findings from this analysis
is the evolution of research themes over time. Early
research primarily focused on specific conditions such

p. 7 of 10

as osteoarthritis and back pain, reflecting the need for
targeted, disease-specific interventions. However, from
2014 onwards, there has been a clear shift towards
broader outcomes, such as improving overall quality
of life and functional mobility, and reducing disability.
This shift is likely a response to the increasing recogni-
tion that MSDs not only impact physical health but also
have significant psychosocial implications. The gro-
wing emphasis on holistic, patient-centred care, which
addresses both physical function and psychological
well-being, is evident in recent studies that incorporate
multidimensional outcomes, including mental health
and social participation. From the publication trend,
this research field entered a stage of rapid development
during 2013-2023, and the number of publications
and citations increased significantly, especially the
high number of publications since 2019 and the peak
of citations in 2022, reflecting the continuous concern
for this research topic in academic circles. This pheno-
menon may be due to the launch of the World Health
Organization’s “Cooperation Plan for Bone and Joint
Decade from 2000 to 2010” and its achievements (35,
36), which promoted people’s understanding of the
burden of MSDs. With the obvious global population
ageing trend, MSDs have become one of the main
forms of disabling diseases of the elderly, leading to an
increase in patients’ demand for non-drug and low-risk
treatments. AET has been widely involved because of
their low pressure on joints and good pain relief ef-
fect, and they have become established as one of the
non-drug intervention therapies for the rehabilitation
of MSDs.

The main author’s analysis shows the core strength
of this field, but also reveals some problems. First,
the authors who produce the most are not necessarily
the most cited, indicating that there may be some
imbalance between the number of studies and their
influence. Second, the research in this field is mainly
concentrated on a few authors and countries, which
shows that the research on AET in the treatment of
MSDs needs further internationalization and diver-
sification to promote global sharing and promotion.

The periodical distribution analysis of AET research
literature on MSDs reveals that the research in this field
is mainly concentrated in a few high-impact periodi-
cals, especially those covering rehabilitation medicine,
physical therapy, and rheumatology. These journals are
of high academic quality, reflecting the professional
needs of the research topic and its academic value
in specific fields and also providing a rich scientific
basis for the practical application of this therapy in the
management of MSDs. The most highly cited articles
are published in highly influential journals, such as
Annals of the Rheumatological Diseases, Arthritis &
Rheumatism-Arthritis Care & Research, Cochrane
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Database of Systematic Reviews, etc. In addition, the
higher impact factors and cited frequency of these
journals further enhance the dissemination and influ-
ence of the research.

Several factors have contributed to this shift in focus.
First, the increasing prevalence of MSDs in ageing
populations has driven the need for rehabilitation
protocols that promote long-term functional indepen-
dence and mobility. As patients age, their needs extend
beyond pain management to include the prevention of
further disability and the maintenance of daily living
activities. Second, there has been a growing recogni-
tion of the limitations of pharmacological treatments
in providing sustainable relief, particularly for chronic
conditions like osteoarthritis. This has further encoura-
ged research into non-drug interventions such as AET
that can address both the physical and psychological
aspects of musculoskeletal diseases.

In order to further describe the development trend
of AET for MSDs from 1972 to 2024, we divided the
timeline into several stages based on the evolution
of research themes. This division was determined by
analysing shifts in thematic focus over time, which
were identified through keyword co-occurrence
analysis and citation patterns. By examining the fre-
quency and relationships of keywords across different
periods, we were able to pinpoint key transitions in
research priorities, helping to categorize the literature
into distinct stages that reflect the evolving focus of
AET for MSDs.

Early research and attention to the specific situation
(before and in 2008). The theme during this period is
“rheumatoid arthritis”, which shows that early research
mainly focuses on the therapeutic potential of AET
for specific diseases such as rheumatoid arthritis. The
research emphasizes the effectiveness of hydrotherapy
in relieving joint inflammation and pain in patients
with chronic MSDs, especially rheumatoid arthritis.
Research shows that AET is safe and beneficial for
controlling such symptoms (37).

Expanding the scope of general medical benefits
(2010-2013). The theme in this period is “physical
activity, arthritis, and bath therapy”. It shows that the
research focus is extended to the broader health bene-
fits of AET, including the impact on the management
of arthritis as a physical activity. Bath therapy, as a
water-based treatment method, also attracted attention
during this period. Studies have found that this therapy
can relieve pain and improve the mobility of patients
with various types of arthritis (9, 38, 39).

Emphasis on quality of life, pain management, and
randomized trials (2014-2016). The themes of this
period are quality of life, pain, water, randomized
controlled trials, strength, treatment, exercise, knee
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osteoarthritis, sports, and the elderly. It shows that
the research began to emphasize the evaluation of the
broader impact of AET on patients’ quality of life and
pain relief. Randomized controlled trials began to do-
minate the literature, and the research focus shifted to
specific diseases of specific populations, such as knee
osteoarthritis in the elderly (40—42). These experiments
help to establish that AET is a beneficial treatment for
these people to keep healthy and relieve pain.

Standardization and verification (2017-2023). The
theme in this period is “advice, land exercise, adults,
disability, hydrotherapy, management, water sports,
verification, and reliability”. At this stage, the deve-
lopment of AET research developed from solving spe-
cific diseases, such as rheumatoid arthritis, to broader
health-related outcomes, such as quality of life and
disability management. Researchers began to try to
create a standardized AET plan, verify its effectiveness
and ensure its reliability in managing disability (43,
44). In addition, the comparison with land movement
also became a noteworthy research focus (45, 46).

Theme trend analysis reveals the evolution of AET
in this field. This change shows that AET is gradually
moving from clinical application to evidence-based
medicine, trying to provide standardized and scientific
solutions for actual health management.

Future research directions

While significant progress has been made, several
important research gaps remain. First, while AET has
shown effectiveness in improving short-term outco-
mes, there is limited evidence on its long-term benefits.
Future studies should focus on long-term follow-up
of patients who undergo AET to determine its lasting
impact on functional outcomes, disability prevention,
and quality of life. Second, there is a need to explore
how AET can be tailored for underrepresented popu-
lations, particularly those in low- and middle-income
countries where access to aquatic facilities may be li-
mited. Research into cost-effective models of delivery,
such as community-based aquatic programmes, would
help make AET more accessible and equitable. Third,
integrating AET with emerging rehabilitation technolo-
gies, such as virtual reality and wearable sensors, holds
great promise for enhancing the personalization and
effectiveness of AET. These technologies can provide
real-time feedback on patient performance, improve
patient engagement, and allow for remote monitoring,
making AET more adaptable and scalable. Combining
AET with cognitive-behavioural therapy and strength
training could further improve outcomes, especially
for individuals with chronic pain or those recovering
from surgery.
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There are also some limitations to this study. First of
all, the literature used comes from the Web of Science
database, which may not cover all relevant high-quality
research, especially the literature published in other
databases, which may lead to limitation of the results.
Second, we limited the language to English, which
may lead to selection bias. Third, this study includes
articles and comments, so there may be some devia-
tions in reflecting the academic influence of articles
through citation times.

Conclusion

This study provides a comprehensive overview of the
evolution of AET research for MSDs. The increasing
focus on holistic, patient-centred outcomes reflects the
growing importance of rehabilitation approaches that
address both the physical and psychological aspects
of musculoskeletal conditions. As the field progresses,
future research must continue to explore innovative
ways to integrate AET with emerging technologies,
while also expanding its reach to underrepresented
populations. By addressing these gaps, AET can play
a key role in improving the lives of individuals with
MSDs worldwide.

ACKNOWLEDGEMENTS

Funding/ financial support: This study is supported by the
Ningxia Social Science Planning Project (2024 Talent Introduc-
tion Special, grant number 24NXRCBO09).

The authors have no conflicts of interest to declare.

REFERENCES

1. GBD 2021 Neck Pain Collaborators. Global, regional, and
national burden of neck pain, 1990-2020, and projections
to 2050: a systematic analysis of the Global Burden of
Disease Study 2021. Lancet Rheumatol 2024; 6: el142-
el55. https://doi.org/10.1016/s2665-9913(23)00321-1

2. GBD 2021 Gout Collaborators. Global, regional, and natio-
nal burden of gout, 1990-2020, and projections to 2050: a
systematic analysis of the Global Burden of Disease Study
2021. Lancet Rheumatol 2024; 6: e507-e517. https://doi.
org/10.1016/s2665-9913(24)00117-6

3. GBD 2021 Rheumatoid Arthritis Collaborators. Global,
regional, and national burden of rheumatoid arthritis,
1990-2020, and projections to 2050: a systematic ana-
lysis of the Global Burden of Disease Study 2021. Lancet
Rheumatol 2023; 5: €594-e610. https://doi.org/10.1016/
$2665-9913(23)00211-4

4. GBD 2021 Osteoarthritis Collaborators. Global, regional, and
national burden of osteoarthritis, 1990-2020 and projections
to 2050: a systematic analysis for the Global Burden of Di-
sease Study 2021. Lancet Rheumatol 2023; 5: e508-e522.
https://doi.org/10.1016/s2665-9913(23)00163-7

5. Guduru RKR, Domeika A, Obcarskas L, Ylaite B. The ergono-
mic association between shoulder, neck/head disorders and
sedentary activity: a systematic review. J Healthc Eng 2022;
2022: 5178333. https://doi.org/10.1155/2022/5178333

6. Feigin VL, Vos T, Alahdab F, Amit AML, Barnighausen TW,
Beghi E, et al. Burden of neurological disorders across the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

p. 9 of 10

US from 1990-2017: a Global Burden of Disease Study.
JAMA Neurol 2021; 78: 165-176. https://doi.org/10.1001/
jamaneurol.2020.4152

. Sammaritano LR, Bermas BL, Chakravarty EE, Chambers

C, Clowse MEB, Lockshin MD, et al. 2020 American Col-
lege of Rheumatology Guideline for the Management of
Reproductive Health in Rheumatic and Musculoskeletal
Diseases. Arthritis Rheumatol 2020; 72: 529-556. https://
doi.org/10.1002/art.41191

. Santos EJF, Farisogullari B, Dures E, Geenen R, Machado

PM. Efficacy of non-pharmacological interventions: a syste-
matic review informing the 2023 EULAR recommendations
for the management of fatigue in people with inflammatory
rheumatic and musculoskeletal diseases. RMD Open 2023;
9. https://doi.org/10.1136/rmdopen-2023-003350

. Verhagen AP, Cardoso JR, Bierma-Zeinstra SM. Aquatic

exercise & balneotherapy in musculoskeletal conditions.
Best Pract Res Clin Rheumatol 2012; 26: 335-343. https://
doi.org/10.1016/j.berh.2012.05.008

Carayannopoulos AG, Han A, Burdenko IN. The benefits
of combining water and land-based therapy. J Exerc
Rehabil 2020; 16: 20-26. https://doi.org/10.12965/
jer.1938742.371

Dias JF, Oliveira VC, Borges PRT, Dutra F, Mancini, MC,
Kirkwood RN, et al. Effectiveness of exercises by telere-
habilitation on pain, physical function and quality of life
in people with physical disabilities: a systematic review
of randomised controlled trials with GRADE recommenda-
tions. Br J Sports Med 2021; 55: 155-162. https://doi.
org/10.1136/bjsports-2019-101375

Kechichian A, Lafrance S, Matifat E, Dubé F, Lussier D,
Benhaim P, et al. Multimodal interventions including re-
habilitation exercise for older adults with chronic muscu-
loskeletal pain: a systematic review and meta-analyses of
randomized controlled trials. J Geriatr Phys Ther 2022; 45:
34-49. https://doi.org/10.1519/jpt.0000000000000279
Zeng CY, Zhang ZR, Tang ZM, Hua FZ. Benefits and
mechanisms of exercise training for knee osteoarthritis.
Front Physiol 2021; 12: 794062. https://doi.org/10.3389/
fphys.2021.794062

Korthals-de Bos IB, Hoving JL, van Tulder MW, Rutten-van
Molken MP, Adér HJ, de Vet HC, et al. Cost effectiveness
of physiotherapy, manual therapy, and general practitio-
ner care for neck pain: economic evaluation alongside a
randomised controlled trial. BMJ 2003; 326: 911. https://
doi.org/10.1136/bmj.326.7395.911

Crofford LJ. Adverse effects of chronic opioid therapy for
chronic musculoskeletal pain. Nat Rev Rheumatol 2010;
6: 191-197. https://doi.org/10.1038/nrrheum.2010.24

Torres-Ronda L, Del Alcdzar XS. The properties of water
and their applications for training. J Hum Kinet 2014;
44: 237-248. https://doi.org/10.2478/hukin-2014-0129
Bento PC, Pereira G, Ugrinowitsch C, Rodacki AL. The ef-
fects of a water-based exercise program on strength and
functionality of older adults. J Aging Phys Act 2012; 20:
469-483. https://doi.org/10.1123/japa.20.4.469

Yazigi F, Espanha M, Vieira F, Messier SP, Monteiro C,
Veloso AP. The PICO project: aquatic exercise for knee
osteoarthritis in overweight and obese individuals.
BMC Musculoskelet Disord 2013; 14: 320. https://doi.
org/10.1186/1471-2474-14-320

Camilotti BM, Rodacki AL, Israel VL, Fowler NE. Stature
recovery after sitting on land and in water. Man Ther 2009;
14: 685-689. https://doi.org/10.1016/j.math.2009.03.007
Carroll LM, Volpe D, Morris ME, Saunders ], Clifford AM.
Aquatic exercise therapy for people with Parkinson disease:
a randomized controlled trial. Arch Phys Med Rehabil 2017;
98: 631-638. https://doi.org/10.1016/j.apmr.2016.12.006
Kargarfard M, Etemadifar M, Baker P, Mehrabi M, Hayat-
bakhsh R. Effect of aquatic exercise training on fatigue
and health-related quality of life in patients with multiple
sclerosis. Arch Phys Med Rehabil 2012; 93: 1701-1708.
https://doi.org/10.1016/j.apmr.2012.05.006

J Rehabil Med 57, 2025


https://doi.org/10.1016/s2665-9913(23)00321-1
https://doi.org/10.1016/s2665-9913(24)00117-6
https://doi.org/10.1016/s2665-9913(24)00117-6
https://doi.org/10.1016/s2665-9913(23)00211-4
https://doi.org/10.1016/s2665-9913(23)00211-4
https://doi.org/10.1016/s2665-9913(23)00163-7
https://doi.org/10.1155/2022/5178333
https://doi.org/10.1001/jamaneurol.2020.4152
https://doi.org/10.1001/jamaneurol.2020.4152
https://doi.org/10.1002/art.41191
https://doi.org/10.1002/art.41191
https://doi.org/10.1136/rmdopen-2023-003350
https://doi.org/10.1016/j.berh.2012.05.008
https://doi.org/10.1016/j.berh.2012.05.008
https://doi.org/10.12965/jer.1938742.371
https://doi.org/10.12965/jer.1938742.371
https://doi.org/10.1136/bjsports-2019-101375
https://doi.org/10.1136/bjsports-2019-101375
https://doi.org/10.1519/jpt.0000000000000279
https://doi.org/10.3389/fphys.2021.794062
https://doi.org/10.3389/fphys.2021.794062
https://doi.org/10.1136/bmj.326.7395.911
https://doi.org/10.1136/bmj.326.7395.911
https://doi.org/10.1038/nrrheum.2010.24
https://doi.org/10.2478/hukin-2014-0129
https://doi.org/10.1123/japa.20.4.469
https://doi.org/10.1186/1471-2474-14-320
https://doi.org/10.1186/1471-2474-14-320
https://doi.org/10.1016/j.math.2009.03.007
https://doi.org/10.1016/j.apmr.2016.12.006
https://doi.org/10.1016/j.apmr.2012.05.006
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Guo W et al. "Bibliometric analysis of aquatic exercise therapy for musculoskeletal disorders” p. 10 of 10

Pechter U, Raag M, Ots-Rosenberg M. Regular aquatic
exercise for chronic kidney disease patients: a 10-year
follow-up study. Int J Rehabil Res 2014; 37: 251-255.
https://doi.org/10.1097/mrr.0000000000000063

Peng MS, Wang R, Wang YZ, Chen CC, Wang J, Liu XC,
et al. Efficacy of therapeutic aquatic exercise vs physical
therapy modalities for patients with chronic low back
pain: a randomized clinical trial. JAMA Netw Open 2022;
5: e2142069. https://doi.org/10.1001/jamanetworko-
pen.2021.42069

Dundar U, Solak O, Toktas H, Demirdal US, Subasi V, Kavuncu
V, et al. Effect of aquatic exercise on ankylosing spondylitis:
a randomized controlled trial. Rheumatol Int 2014; 34:
1505-1511. https://doi.org/10.1007/s00296-014-2980-8
Dong R, WuY, Xu S, Zhang L, Ying J, Jin H, et al. Is aquatic
exercise more effective than land-based exercise for knee
osteoarthritis? Medicine (Baltimore) 2018; 97: €13823.
https://doi.org/10.1097/md.0000000000013823

Barker AL, Talevski J, Morello RT, Brand CA, Rahmann AE,
Urquhart DM. Effectiveness of aquatic exercise for mus-
culoskeletal conditions: a meta-analysis. Arch Phys Med
Rehabil 2014; 95: 1776-1786. https://doi.org/10.1016/j.
apmr.2014.04.005

Heywood S, McClelland J, Mentiplay B, Geigle P, Rahmann
A, Clark R. Effectiveness of aquatic exercise in impro-
ving lower limb strength in musculoskeletal conditions:
a systematic review and meta-analysis. Arch Phys Med
Rehabil 2017; 98: 173-186. https://doi.org/10.1016/j.
apmr.2016.08.472

Wang T, Wang J, Chen Y, Ruan Y, Dai S. Efficacy of aquatic
exercise in chronic musculoskeletal disorders: a systematic
review and meta-analysis of randomized controlled trials. J
Orthop Surg Res 2023; 18: 942. https://doi.org/10.1186/
s13018-023-04417-w

Feng XW, Hadizadeh M, Zheng LH, Li WH. A bibliometric
and visual analysis of exercise intervention publications
for Alzheimer’s disease (1998-2021). J Clin Med 2022;
11. https://doi.org/10.3390/jcm11195903

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC,
Ioannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and
elaboration. PLoS Med 2009; 6: €1000100. https://doi.
org/10.1371/journal.pmed.1000100

Foley A, Halbert J, Hewitt T, Crotty M. Does hydrotherapy
improve strength and physical function in patients with
osteoarthritis: a randomised controlled trial comparing a
gym based and a hydrotherapy based strengthening pro-
gramme. Ann Rheum Dis 2003; 62: 1162-1167. https://
doi.org/10.1136/ard.2002.005272

Silva LE, Valim V, Pessanha AP, Oliveira LM, Myamoto S,
Jones A, et al. Hydrotherapy versus conventional land-
based exercise for the management of patients with osteo-
arthritis of the knee: a randomized clinical trial. Phys Ther
2008; 88: 12-21. https://doi.org/10.2522/ptj.20060040
Bartels EM, Juhl CB, Christensen R, Hagen KB,
Danneskiold-Samsge B, Dadfinrud H, et al. Aquatic ex-
ercise for the treatment of knee and hip osteoarthritis.
Cochrane Database Syst Rev 2016; 3: Cd005523. https://
doi.org/10.1002/14651858.CD005523.pub3

Batterham SI, Heywood S, Keating JL. Systematic review
and meta-analysis comparing land and aquatic exercise for
people with hip or knee arthritis on function, mobility and
other health outcomes. BMC Musculoskelet Disord 2011;
12: 123. https://doi.org/10.1186/1471-2474-12-123
Choong P, Brooks P. Achievements during the Bone and
Joint Decade 2000-2010. Best Pract Res Clin Rheu-
matol 2012; 26: 173-181. https://doi.org/10.1016/j.
berh.2012.03.004

Lidgren L. The bone and joint decade 2000-2010. Bull
World Health Organ 2003; 81: 629.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Hall J, Grant J, Blake D, Taylor G, Garbutt G. Cardiorespi-
ratory responses to aquatic treadmill walking in patients
with rheumatoid arthritis. Physiother Res Int 2004; 9:
59-73. https://doi.org/10.1002/pri.303

Horvath K, Kulisch A, Németh A, Bender T. Evaluation of
the effect of balneotherapy in patients with osteoarthritis
of the hands: a randomized controlled single-blind follow-
up study. Clin Rehabil 2012; 26: 431-441. https://doi.
org/10.1177/0269215511425961

Kilicoglu O, D6nmez A, Karagllle Z, Erdogan N, Akalan
E, Temelli Y. Effect of balneotherapy on temporospatial
gait characteristics of patients with osteoarthritis of the
knee. Rheumatol Int 2010; 30: 739-747. https://doi.
org/10.1007/s00296-009-1054-9

Song MS, Yoo YK, Kim NC. Effects of aquatic exercise on
joint angle, pain, stiffness, and physical function in elderly
women with osteoarthritis. J Korean Gerontol Nurs 2015;
17: 89-97. https://doi.org/10.17079/jkgn.2015.17.2.89

. Ansari S, Elmieh A, Hojjati Z. Effects of aquatic exercise

training on pain, symptoms, motor performance, and
quality of life of older males with knee osteoarthritis. Ann
Appl Sport Sci 2014; 2: 29-38. https://doi.org/10.18869/
acadpub.aassjournal.2.2.29

Munukka M, Waller B, Rantalainen T, Hakkinen A, Nieminen
MT, Lammentausta E, et al. Efficacy of progressive aquatic
resistance training for tibiofemoral cartilage in postme-
nopausal women with mild knee osteoarthritis: a rando-
mised controlled trial. Osteoarthritis Cartilage 2016; 24:
1708-1717. https://doi.org/10.1016/j.joca.2016.05.007
Heidari F, Mohammad Rahimi N, Aminzadeh R. Aquatic
exercise impact on pain intensity, disability and quality of
life in adults with low back pain: a systematic review and
meta-analysis. Biol Res Nurs 2023; 25: 527-541. https://
doi.org/10.1177/10998004231162327

Manning OJ, Rancourt S, Tomasone JR, Finlayson M, DePaul
V. Water-based therapeutic exercise in stroke: a scoping
review. Disabil Rehabil 2023; 45: 1549-1562. https://doi.
org/10.1080/09638288.2022.2063415

Eyvaz N, Dundar U, Yesil H. Effects of water-based and
land-based exercises on walking and balance functions of
patients with hemiplegia. NeuroRehabilitation 2018; 43:
237-246. https://doi.org/10.3233/nre-182422

Cugusi L, Manca A, Bergamin M, Di Blasio A, Monticone
M, Deriu F, et al. Aquatic exercise improves motor impair-
ments in people with Parkinson’s disease, with similar or
greater benefits than land-based exercise: a systema-
tic review. J Physiother 2019; 65: 65-74. https://doi.
0rg/10.1016/j.jphys.2019.02.003

Fransen M, Nairn L, Winstanley J, Lam P, Edmonds J. Phy-
sical activity for osteoarthritis management: a randomized
controlled clinical trial evaluating hydrotherapy or Tai Chi
classes. Arthritis Care & Research 2007; 57: 407-414.
https://doi.org/10.1002/art.22621

Wang TJ, Belza B, Elaine Thompson F, Whitney JD,
Bennett K. Effects of aquatic exercise on flexibility,
strength and aerobic fitness in adults with osteoarthritis of
the hip or knee. J Adv Nurs 2007; 57: 141-152. https://
doi.org/10.1111/j.1365-2648.2006.04102.x

Assis MR, Silva LE, Alves AMB, Pessanha AP, Valim V, Feld-
man D, et al. A randomized controlled trial of deep water
running: clinical effectiveness of aquatic exercise to treat
fibromyalgia. Arthritis Care & Research 2006; 55: 57-65.
https://doi.org/10.1002/art.21693

Lim JY, Tchai E, Jang SN. Effectiveness of aquatic exercise
for obese patients with knee osteoarthritis: a randomized
controlled trial. PM R 2010; 2: 723-731; quiz 793. https://
doi.org/10.1016/j.pmrj.2010.04.004

Patrick DL, Ramsey SD, Spencer AC, Kinne S, Belza B,
Topolski TD. Economic evaluation of aquatic exercise for
persons with osteoarthritis. Med Care 2001; 39: 413-424.
https://doi.org/10.1097/00005650-200105000-00002

J Rehabil Med 57, 2025


https://doi.org/10.1097/mrr.0000000000000063
https://doi.org/10.1001/jamanetworkopen.2021.42069
https://doi.org/10.1001/jamanetworkopen.2021.42069
https://doi.org/10.1007/s00296-014-2980-8
https://doi.org/10.1097/md.0000000000013823
https://doi.org/10.1016/j.apmr.2014.04.005
https://doi.org/10.1016/j.apmr.2014.04.005
https://doi.org/10.1016/j.apmr.2016.08.472
https://doi.org/10.1016/j.apmr.2016.08.472
https://doi.org/10.1186/s13018-023-04417-w
https://doi.org/10.1186/s13018-023-04417-w
https://doi.org/10.3390/jcm11195903
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1136/ard.2002.005272
https://doi.org/10.1136/ard.2002.005272
https://doi.org/10.2522/ptj.20060040
https://doi.org/10.1002/14651858.CD005523.pub3
https://doi.org/10.1002/14651858.CD005523.pub3
https://doi.org/10.1186/1471-2474-12-123
https://doi.org/10.1016/j.berh.2012.03.004
https://doi.org/10.1016/j.berh.2012.03.004
https://doi.org/10.1002/pri.303
https://doi.org/10.1177/0269215511425961
https://doi.org/10.1177/0269215511425961
https://doi.org/10.1007/s00296-009-1054-9
https://doi.org/10.1007/s00296-009-1054-9
https://doi.org/10.17079/jkgn.2015.17.2.89
https://doi.org/10.18869/acadpub.aassjournal.2.2.29
https://doi.org/10.18869/acadpub.aassjournal.2.2.29
https://doi.org/10.1016/j.joca.2016.05.007
https://doi.org/10.1177/10998004231162327
https://doi.org/10.1177/10998004231162327
https://doi.org/10.1080/09638288.2022.2063415
https://doi.org/10.1080/09638288.2022.2063415
https://doi.org/10.3233/nre-182422
https://doi.org/10.1016/j.jphys.2019.02.003
https://doi.org/10.1016/j.jphys.2019.02.003
https://doi.org/10.1002/art.22621
https://doi.org/10.1111/j.1365-2648.2006.04102.x
https://doi.org/10.1111/j.1365-2648.2006.04102.x
https://doi.org/10.1002/art.21693
https://doi.org/10.1016/j.pmrj.2010.04.004
https://doi.org/10.1016/j.pmrj.2010.04.004
https://doi.org/10.1097/00005650-200105000-00002
http://www.medicaljournals.se/jrm

