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BACKGROUND

SUMMARY

Background. Musculoskeletal disorders (MSDs) are a leading cause of disability inter-
nationally, particularly low back pain (LBP), which accounts for 60% of occupational
diseases. Aquatic therapy has been used to treat various diseases. The aquatic setting
has properties that can be used to obtain benefit through exercise. The primary aim
of this systematic review was to evaluate physiotherapy qualitatively and quantitatively
in a water environment in patients with LBP carrying out a meta-analysis to provide a
guidance instrument about the efficacy of this kind of treatment.

Methods. This review was conducted in compliance with Preferred Reporting ITtems
for Systematic Reviews and Meta-analyses (PRISMA) protocol. We searched the
PubMed, Scopus, Web of Science, CINAHL, and PEDro databases for studies to
include. Only randomized controlled trials were included. To evaluate the risk of bias,
the Jadad and PEDro scales were used.

Results. After removing duplicate articles, 19 articles remained. Of these, 10 studies
were of high-quality, while the remaining 9 achieved a score indicative of a low qual-
itative level.

Conclusions. Aquatic therapy is beneficial to use in addition to conventional therapy
in patients with LBP, with outcomes visible in the short-term.

Study registration. Review was registered in Prospero website http://www.crd.york.
ac.uk/PROSPERO with registration number: CRD42021250750.
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Common healthcare problems may result from MSDs and

Musculoskeletal disorders (MSDs) are a leading cause of 2 failure to educate patients, including the overuse of radio-

disability internationally, particularly in industrialized coun-
tries, with poor quality healthcare being one of the causes
(1, 2). These conditions are a major contributor to disabil-
ity, accounting for 17.1% of years lived with disability (3)
and can lead to chronic musculoskeletal pain (https://www.
iasp-pain.org/advocacy/global-year/right-to-pain-relief/).
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logical imaging, surgery, and opioids (4).

The disability and reduced quality of life as a consequence
of MSDs are reported to be much more severe than those
associated with hypertension and high cholesterol (http://
www.boneandjointburden.org/). Disabilities resulting from
MSDs include low back pain (LBP), neck pain, hip and


https://www.crd.york.ac.uk/PROSPERO/#guidancenotes
https://www.iasp-pain.org/advocacy/global-year/right-to-pain-relief/
https://www.boneandjointburden.org/
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knee osteoarthritis, complex shoulder conditions, and other
joint conditions (1, 5).

LBP accounts for 60% of occupational diseases and is
the most common of all non-communicable diseases (6).
Current literature does not support a definitive cause for
initial episodes of LBP (7). LBP is the leading cause of
disability in the world and according to 2010 reports, 21.7
million people suffer from this disability each year (8, 9).
The correlation between imaging examination findings and
LBP is low. Psychosocial factors are involved in the onset of
LBP and its progression to chronic pain. Activity improve-
ment is more useful than rest (10, 11).

Over the past two decades, opioid prescriptions have been
overutilized in chronic pain management, resulting in abuse
and addiction (12). In recent years, conservative manage-
ment of chronic pain, specifically exercise and cognitive
behavioral therapy, has been recommended (13). To date,
some of the most commonly used techniques to treat and
prevent LBP are manual therapy, laser therapy, therapeu-
tic exercise, blood flow restriction, videoconferencing, and
transcutaneous electrical nerve stimulation (14-18).
Aquatic therapy (or aquatic physical therapy or hydrokine-
sitherapy) (19, 20) has been used to treat various diseases. The
aquatic setting has properties such as buoyancy, turbulence,
hydrostatic pressure, and resistance that can be used to obtain
benefit through exercise (21, 22). There are specific physical
laws that influence the immersed body’s behavior in static and
dynamic conditions. The intrinsic and dynamic characteris-
tics of water facilitate movement and allow the human body
to practice balanced and coordinated movements (23-25).
Other benefits are due to buoyancy, which provides support
and can reduce the probability of injury and joint degrada-
tion, the microgravity environment, which provides relief
from body weight, the continuous movement of the body so
that muscles are continuously activated to stabilize the body,
hydrostatic pressure and viscosity, which provide proprio-
ceptive and sensory feedback different from that provided
with land exercise, and the constant water temperature and
hydrostatic pressure that may facilitate blood circulation, ease
soft-tissue contracture, and relieve muscle spasms and fatigue
(26-29). Aquatic exercises are also a safe and enjoyable way
to improve physical functioning in patients with and with-
out MSDs or LBP and with other comorbidities (28, 30, 31).
Aquatic therapy refers to partial immersion movement thera-
py, which is based on exercising with the entire body or only
some of its parts, while benefiting from the properties and
characteristics of the aquatic environment (32).

The efficacy of this intervention is not clear in the current
literature, though it has been used in various rehabilita-
tion fields (21, 22, 27, 33). The primary aim of this system-
atic review was to qualitatively and quantitatively evalu-
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ate physiotherapy in a water environment in patients with
LBP carrying out a meta-analysis; it could provide a valid
guidance instrument about the efficacy of this kind of treat-
ment, evaluating all the effects that water can produce in
patients with LBP.

MATERIALS AND METHODS

Protocols and registration

This review was conducted in compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) protocol, which consists of 27 items based on
Methodological Expectations of Cochrane Intervention
Review (MECIR) Standards.

Eligibility criteria: types of studies, participants,
and interventions

All studies in the published literature that included the
keywords “aquatic therapy” OR “aquatic exercise” OR
“hydrotherapy” OR “water exercise” OR “water therapy”
AND “musculoskeletal disease” was considered.

We included only randomized controlled trials (RCTs). Stud-
ies that included the comparison between aquatic therapy
and land therapy, no therapy, or other therapies were consid-
ered. All studies based on aquatic therapy or on the use of
water (hot, cold, steam, or ice) to relieve discomfort and
fatigue, restore range of motion (ROM), postural balance,
muscle strength, cardio-respiratory response, endurance
during exercise, and muscle and tendon length, relieve pain,
and support joint mobility, quality of life, and a return to
daily life activities in individuals with MSDs were included.
No restrictions were applied to the type of intervention used.
Inclusion criteria were: RCTs or clinical trials concerning
MSDs, particularly LBP.

Studies on animals or other diseases were excluded. Articles
in languages other than English were excluded.

Search methods

The databases used to identify studies for inclusion were
the PubMed, Scopus, Web of Science, CINAHL, and
PEDro databases. All included studies were identified by
two reviewers.

The most recent study was conducted by Barker in 2014
(34). Research was conducted between May 2021 and
August 2021. Papers concerning numerous aspects of reha-
bilitation, such as fatigue, ROM, postural balance, muscle
strength, cardio-respiratory response, endurance during
exercise, muscle and tendon length, pain relief, joint mobil-
ity support, quality of life, and the return to daily life activi-
ties, were considered.
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Study selection

Titles, keywords, and abstracts identified through databas-
es were screened independently by two physical therapists.
In the first screening, the editors selected the relevant stud-
ies and removed duplicates. All articles that the editors
agreed upon were included in the second screening.
During the second screening, the full text of the included
studies was analyzed, and a final list of eligible studies was
compiled.

Data extraction and risk of bias

Data extraction was performed according to the Cochrane
method. The reviewers collected patient demographic
information. The following data were extracted from select-
ed studies: author, publication year, included sample char-
acteristics, type of treatment and type of control, outcomes,
and conclusions (table I). Regarding the intervention proto-
col, the type of exercise, duration of intervention, intensity,
and conclusions of the study were considered.

To evaluate the risk of bias, Jadad and PEDro scales
were used.

Meta-analysis

A quantitative analysis was conducted by comparing
outcomes. Follow-up results were also considered and
pooled as appropriate.

RESULTS

Search results

An initial keyword search retrieved a total of 1,409 articles,
after the screening 19 articles remained and were included in
the review, and 10 of these were included in the meta-anal-
ysis (35-44) (figure 1).

Study characteristics: types of design and
participants

All the included studies were RCTs that included a hydro-
therapy study group and a control group of another inter-
vention. Participants included males and females of a broad
range of ages (35-52).

The sample size in the studies varied from 19 to 262
participants. All the participants were adults and their
ages varied from 18 to 80 years. It was found that the
therapies used in the intervention group are: “Bad Ragaz
Ring Method” (BRRM), hydrotherapy, aquatic exer-
cise plus pain neurophysiology education, active groups,
“AquaStretch”, aquatic exercise together with deep water
running, “Back school” program (stretching and selec-
tive muscle reinforcement techniques), bath in reduced

92

sulphureous mineral water, water pilates and aquatic
training with aerobic and resistance session. As regards
the physiotherapy sessions, the duration was between 4
and 12 weeks, while the number of interventions varied
from 8 to 45 sessions.

Different outcome measures were used in the studies: VAS
(53), Roland Morris Disability Questionnaire (RMDQ) (54),
Single locus sequence typing (SLST) (55), Modified-Mod-
ified Schober Test (MMST) (56), US images, Oswestry
Disability Index (ODI) (54), McGill Pain Questionnaire
(57), Passive Straight Leg Raise (SLR) (58), tendon reflex
grading, strength grading, light touch sensation, Quebec
Back Pain Disability Scale (QBPDS) (59), Tampa Scale
of Kinesiophobia (TSK) (60), Quality Short-Form Health
Survey 36 (SF-36) (61), body mass index (BMI), Sit-and-
Reach Test (62), handgrip strength, Rockport 1 mile walk-
ing test (63), active range of motion (ROM), 6-Minute
Walk Test (64), manual measure of spasms and tender-
ness, Biodex balance system, Short Form-12 (SF-12) (65),
Biering-Sorensen test (66), electromyography, percent-
age of body fat (PBF), waist-hip ratio (WHR) (67), trunk
muscle mass, EQ-5D-3 scale (68), Functional Assessment
of Chronic Illness Therapy-Fatigue (FACIT-F) (69), peak
oxygen uptake.

The outcomes of studies varied: there was improvement in
disability, endurance, function, pain intensity, quality of life
and mobility in the experimental groups; the intervention
groups also showed more benefits than control groups or
the same benefits. The detailed characteristics of the includ-
ed articles are summarized in table I.

Intra-study risk of bias

The Cochrane risk of bias tool was used for the qualitative
analysis of the trials included in the systematic review. This
evaluation revealed that 10 studies received a score of 3 and
were of high quality. The remaining nine studies achieved a
score indicative of a low level of quality (figures 2, 3).

Meta-analysis

A quantitative analysis was carried out by comparing
outcomes and follow-ups. This pool was based on compara-
ble outcomes. Ten studies had comparable follow-up times
that were considered in the meta-analysis. These studies are
as follows:

Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: visual analogue scale
(VAS), follow-up at four weeks. Four studies were consid-
ered. Meta-analysis revealed statistically significant results
(p < 0.001) in favor of the experimental group compared
to the control group (mean difference = -1.22, 95% confi-
dence interval (CI) = -1.45--0.99) (figure 4).
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[ Identification of studies via databases ]
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Figure 1. Flow chart of the 19 included randomized controlled
trials.
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Figure 2. Risk of bias graph: investigators’ judgements about
each risk of bias item presented as a percentage across all
included studies.

Figure 3. Risk of bias summary: investigators’ judgements
about each risk of bias item for each included study.
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Figure 4. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS, follow-up at

four weeks.
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Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: VAS at six weeks.
Two studies were considered. Meta-analysis revealed
non-statistically significant results (p 0.20) (mean
difference = -0.48, 95%CI = -1.22--0.26) (figure 5).
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: VAS at eight weeks.
Two studies were considered. Meta-analysis revealed
statistically significant results (p = 0.001) in favor of the
experimental group compared to the control group (mean
difference = -1.37, 95%CI = -2.18--0.55) (figure 6).
Comparison between aquatic physical therapy wvs
conventional physical therapy for outcome 1: VAS at
12 weeks. Four studies were considered. Meta-analy-
sis revealed statistically significant results (p = 0.02) in
favor of the experimental group compared to the control
group (mean difference = -0.66, 95%CI = -1.2--0.12)
(figure 7).

Comparison between aquatic physical therapy vs conventional
physical therapy for outcome 2: Roland-Morris Disability Ques-
tionnaire at 12 weeks. Two studies were considered. Meta-anal-
ysis revealed statistically significant results (p = 0.05) in favor of
the experimental group compared to the control group (mean
difference = -1.12, 95%CI = -2.22-0.01) (figure 8).
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 1: VAS at 20 weeks.
Two studies were considered. Meta-analysis revealed
statistically significant results (p = 0.01) in favor of the
experimental group compared to the control group (mean
difference = -1.13, 95%CI = -2.03—-0.23) (figure 9).
Comparison between aquatic physical therapy vs conven-
tional physical therapy for outcome 3: 6-Minute Walk Test
at 20 weeks. Two studies were considered. Meta-analysis
revealed statistically significant results (p = 0.04) in favor
of the experimental group compared to the control group
(mean difference =26.33, 95%CI = 1.80-50.86) (figure 10).
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Figure 6. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS at eight weeks.
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Figure 7. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS at 12 weeks.

Muscles, Ligaments and Tendons Journal 2023;13 (1)

97



The Effect of Hydrokinetic on Patient with Low Back Pain

Experimental Contral

Mean Difference

Mean Difference Risk of Blas

Test for overall effect: Z = 1.98 (P = 0.05)

Bisk of bias legend

(A Random sequence generation (selection bias)

(B} Allocation condealment (selection bias)

1) Blinding of participants and personnel (performance blash
(D) Blinding of cutcome assessment (detection biasy

() Incomplete suteome data (atirition bias)

(F) Selective reporting (reporting blast

1G) Cnher bias

Study or Subgroup  Mean 5D Total Mean 50 Total Weight IV Fixed, 95% €1 IV, Fixed, 95% I ABCDEFG
Canvatha 2020 74 51 27 BE 54 27 156N -1.20[-4.00, 1.60] _— & [ 1]
Constantini 2014 5.2 21 27 63 24 27 B44% -110[-2.30, 0.10] —— a00068
Total [@5% CI) 54 54 100.0% -L12 [-2.22, -0.01] -

Heterogenedty: Chi' = 0.00, df = 1 (P = 0.95) ' = 0% * 7 ] 1

Favours [experimental] Favours [conrol]

Disability Questionnaire at 12 weeks.

Figure 8. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 2: Roland-Morris
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Figure 9. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 1: VAS at 20 weeks.
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Figure 10. Comparison between aquatic physical therapy vs conventional physical therapy for outcome 3: 6-Minute Walk

Test at 20 weeks.

DISCUSSION

The purpose of our study was to analyze the effectiveness,
methods, and parameters, such as intensity, type of interven-
tion, and duration, of rehabilitation programs for patients
with LBP. Results were statistically significant (p < 0.001)
concerning pain (VAS), disability (Roland-Morris Disabili-
ty Questionnaire), and walking (6-Minute Walk Test). The
study shows that aquatic therapy may be a valid alternative
to conventional therapy in the treatment of LBP.

The water environment is useful to facilitate therapeutic
exercise and to put patients in different positions (supine,
prone, lateral, standing, or kneeling) where the operator
can access them from all three dimensions of space. Phys-
ical exercise in water refers to the use of water to simpli-
fy the application of various interventions, such as stretch-
ing, muscle strengthening, articular mobilization (ROM),
balance improvement, deambulation, and resistance train-
ing. The physical properties of water are the key to this

98

method (70). All studies included were RCTs that includ-
ed a hydrokinesitherapy study group and a control group
of another therapeutic intervention (land-based exercise, Ai
Chi, delayed therapy, or conventional therapy). Results indi-
cate that hydrokinesitherapy is more efficient for relieving
pain in the short term, but is equivalent in terms of outcome
(disability, mobility). These results are in line with current
literature (19, 34, 71). Therefore, patients may choose aquat-
ic therapy as an alternative therapy if it appeals to them, and
this factor can improve their adherence and participation
in the treatment, which is an important element of reha-
bilitation (72). Many scales are used to measure outcomes,
including the VAS (73), Roland-Morris Disability Ques-
tionnaire (50), Modified-Modified Schober Test (74), and
Oswestry Low Back Pain Disability Questionnaire.

Billy et al. (37) compared the Bad Ragaz Ring Method (BRRM)
to the Ai Chi technique in water for pain and disability after
4 weeks of follow-up. The authors found that the two tech-

Muscles, Ligaments and Tendons Journal 2023;13 (1)
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niques were equivalent, though the BRRM resulted in slightly
quicker benefits, mostly in pain improvement concluded that
it made potential improvements in disability and global core
muscle endurance; also other 3 works showed an improve-
ment of disability through aquatic exercise (40, 46, 51).

Pires et al. (38) introduced pain neurophysiology educa-
tion as a variant to the hydrotherapy-based intervention.
The findings support the provision of pain neurophysiology
education as a clinically effective addition to aquatic exer-
cise. In many studies a positive effect was found on pain in
the intervention group (30, 31, 44, 46, 47, 49-51). Carvalho
et al. observed relieved pain only in the short term, after 9
weeks of aquatic exercise and deep water running (42).
Costantino et al. (43). compared the hydrotherapy group
with a control group that performed land-based exercises and
stretching (back school program). This study showed that
both methods were effective for LBP and that back school
programs should be favored for their simplicity and the small
number of resources required. Aquatic therapy also seemed
to have benefits on function and quality of life (36, 45). Keane
et al. used the technique of AquaStretch compared with land-
based stretching and showed that a combination of these two
is recommended (75); however, many studies recommend
adding water therapy to conventional therapies to obtain an
improvement on all fronts of rehabilitation.

Study limitations

A limit of this study was the lack of comparable outcomes.
We could thus only consider the VAS scale for pain, the
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