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Abstract
Aim: A review of the literature on the effect of hydrotherapy on the symptoms of fatigue, pain, spasticity
as well as on the balance and gait of people with Multiple Sclerosis (MS).
Method: Search databases such as MEDLINE, Cochrane Library, Science Direct and PEDro were used
to search the literature. The inclusion criteria were studies that included physiotherapy and mainly
hydrotherapy as a means of rehabilitation in MS.
Results: Hydrotherapy programs significantly reduced the symptoms of fatigue, pain, spasticity as well
as significantly improved balance and gait in patients with MS, as reflected in the evaluation tests.
Conclusions: Hydrotherapy is proposed as a safe, effective and enjoyable method of rehabilitation in
patients with MS to reduce symptoms and improve balance and gait.
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1. Introduction
Multiple Sclerosis (MS) is an inflammatory demyelinating disease of the Central Nervous
System (CNS). The onset of the disease usually occurs in people aged 20-40 years. The
prevalence ratio of the disease in women compared to men is reported to be 3: 1 [1]. It is the
most common neurological disease in North America and Europe [2]. It is the third leading
cause of neurological disorders in adults and affects approximately 2.5 million adults
worldwide. About 400,000 young people get sick in the US and the incidence increases by
about 10,000 people each year [3]. The global median prevalence of the disease increased from
30 per 100,000 in 2008 to 33 per 100,000 in 2013 [4].
The exact etiology of MS is unknown and a multifactorial cause is generally accepted where
both genetic and environmental factors determine the morbidity risk of an individual in a
complex interaction that is not yet fully understood [5]. Among the environmental factors
reported is Epstein-Barr virus infection [6], smoking [7], latitude [8], low vitamin D levels and
elevated Body Mass Index (BMI) during adolescence [5]. However, the causes of MS are still
largely unknown and there are currently no documented risk factors for preventing the disease [9].
Because MS can affect any part of the CNS, symptoms range from cognitive, motor, sensory,
visual to bladder and bowel dysfunction. However, some symptoms such as difficulty in
walking, spasticity, pain, tremor, fatigue, cognitive decline, depression and sexual dysfunction
can sometimes be the most harmful and are often not treated adequately [10, 11]. CNS damage
results in a slowing of nerve conduction and a reduction in motor activation which leads to
reduced motor performance [12]. Motor dysfunctions such as abnormal biomechanics of gait,
changes in balance, muscle weakness and fatigue, are one of the most common parameters
affected and associated with MS [13]. These physical limitations and neuropsychiatric disorders
may affect the quality of life of patients with MS, which includes biological, economic, social
and psychological needs [14].
Physiotherapy is a common rehabilitation strategy that can be effective in improving gait
disorders in people with MS. Physiotherapy may include exercise (e.g. aerobic exercise,
resistance exercise, neurophysiological approaches, and yoga), electrotherapy, orthotics,
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massage, or hydrotherapy
and should be aimed at
preventing the decline of physical condition and mental
ability, as well as preventing the development of disability,
balancing the loss of functioning, adapting the patient to
changes in environmental conditions and creating appropriate
conditions for maintaining independence [16].
Hydrotherapy is used to treat many diseases as the aquatic
environment has unique properties such as buoyancy,
resistance and hydrostatic pressure which can be used for the
benefit of patients [17]. Water characteristics such as
hydrostatic pressure, buoyancy, density, temperature and
resistance have a positive effect. They allow the patient to
exercise balanced and coordinated movements [18]. Buoyancy
makes it possible to perform movements that are not possible
on land [19]. The microgravity environment allows patients to
actively participate in exercise. Due to the lack of a stable
position of the body in the water, the muscles are constantly
activated in order to stabilize it. This makes it possible to gain
strength, flexibility and balance. Hydrostatic pressure
provides proprioceptive and sensory feedback different from
that on land. In addition, as patients with MS may experience
symptoms on heat exposure, hydrotherapy helps reduce
weakness and other neurological symptoms [20]. Elevated
body temperature is also one of the main problems of patients
with MS during physical activity and it is argued that water
can partially prevent a rise in body temperature resulting in
the patient exercising and cooperating more effectively [20].
There is a lack of literature on the effect of hydrotherapy on
the various symptoms of MS. The aim of this review is to
investigate the literature on the efficacy of hydrotherapy, as a
physiotherapy tool, in the various symptoms of MS such as
fatigue, pain, spasticity and functional characteristics such as
gait and balance of people with MS.
2. Literature review
2.1 The effect of hydrotherapy on fatigue
Fatigue is one of the most common symptoms in patients with
MS [21]. Fatigue in MS has been defined as a reversible, motor
and cognitive impairment with reduced motivation and desire
for relaxation, whether occurring spontaneously or caused by
mental or physical activity, humidity, acute infection and
ingestion of food. It may occur at any time, but usually
worsens in the afternoon. In MS, fatigue can occur on a daily
basis, usually coexisting for years and is more serious than
any precursor fatigue [22]. It often leads to job loss [23], social
isolation [24], affects mental health [25] and generally reduces
the ability of the individual to perform their daily activities
[26]
.
Fatigue can be primary and is the result of the effects of the
disease itself and especially of the inflammation,
demyelination or loss of the axis caused by MS, or secondary,
which is due to other factors such as drugs, sleep and mood
disorders [27]. The pathophysiological mechanisms of fatigue
in MS have been extensively investigated and it is reported
that fatigue is a central component of MS [28]. The biological
complexity of these mechanisms also reflects the
heterogeneity in the measurement scales of this common
symptom [29]. Fatigue measurement scales include the Fatigue
Severity Scale (FSS) [30], the Modified Fatigue Impact Scale
(MFIS) [26], the Fatigue Assessment Scale (FAS) [31], the
Fatigue Scale for Motor and Cognitive Functions (FSMC) [32]
and the Unidimensional Fatigue Impact Scale (U-FIS) [33].
Hydrotherapy is recommended as a means of physiotherapy in
patients with MS by the American Physical Therapy
Association. Kargafard et al. [34] investigated the effect of

hydrotherapy on the improvement of fatigue and the effect of
an 8-week hydrotherapy program compared to a 4-week
program in patients with MS. The hydrotherapy program
consisted of three sessions per week, lasting 60 minutes each
(10 minutes warm-up, 40 minutes exercise and 10 minutes
recovery). The intensity of the exercises was prescribed at
50% -75% of the Maximal Heart Rate Reserve (HRRmax).
The temperature of the pool was maintained between 28 °C
and 30 °C while the patients were informed to report the
possible presence of symptoms during the program such as
some difficulty or excessive fatigue. The results showed that
the intervention group at both four and eight weeks had lower
scores on the MFIS. Furthermore, the score in the intervention
group was lower at eight weeks compared to four weeks. The
researchers suggest hydrotherapy as an effective and safe way
to improve fatigue in patients with MS. No accidents,
excessive fatigue or any other side effects related to the
intervention program were reported. Moreover, further
research with a larger number of participants and a higher
degree of disability is proposed, as well as the comparison of
hydrotherapy with aerobic-type programs on land.
2.2 The effect of hydrotherapy on pain
In people with MS symptoms such as headache, neuropathic
limb pain, back pain, painful convulsions as well as the
Lhermitte effect are common. Chronic pain can be defined as
"pain that occurs continuously or intermittently for at least
three months after treatment time" [35]. Pain in patients with
MS can be a significant problem [36]. It is estimated that 4290% of patients with MS experience pain as it manifests in all
stages of the disease [37]. MS-related pain can cause both acute
and chronic symptoms, is reported as one of the most severe
symptoms in 8-32% of patients with MS [38] and often
coexists as a combination of acute, paroxysmal and chronic
pain in the same or different parts of the body [39].
According to the underlying pathophysiological mechanisms,
pain is divided into five categories: (1) Neuropathic pain,
defined as pain arising directly from an injury or condition
affecting the somatosensory system [40], which may present as
persistent limb pain and numbness, as trigeminal neuralgia,
and as the Lhermitte phenomenon (defined as the transient
sensation associated with movements of the neck, back, lower
back, and other parts of the body) [41], (2) Nociceptive pain,
whether inflammatory or non-inflammatory, which includes
musculoskeletal and back pain that may be related to posture,
optic neuritis [42], headaches and pain caused by treatment, (3)
Psychogenic pain, which is difficult to identify and refers to
somatoform pain associated with psychiatric conditions such
as depression and anxiety or pain behaviors developed in
patients with chronic, persistent pain, (4) Idiopathic pain,
which includes diseases that are not fully understood, such as
fibromyalgia, interstitial cystitis and atypical facial pain, and
(5) Mixed pain, which includes a heterogeneous group of pain
with different pathophysiological mechanisms, which are
caused by MS, such as muscle spasms and spasticity pain.
In the literature only one study has investigated the effect of
hydrotherapy on pain in patients with MS [43]. The researchers
used a structured Ai-Chi exercise program in the water. The
individuals of the intervention group participated in the
hydrotherapy program twice per week for a total duration of
20 weeks. The researchers used different scales to assess pain
and found that the intervention group showed a statistically
significant reduction in the Visual Analog Scale (VAS) for
pain score, which was maintained for up to 30 weeks. No
statistically significant differences were observed in the
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control group at any time point. Additionally, the intervention
group exhibited a significant decrease in the VAS score, in
terms of convulsions, during the 20th week. The authors
report that an Ai-Chi-based hydrotherapy program reduces
pain in patients with MS, an effect that is maintained for 10
weeks after the end of treatment. It also improves other
symptoms associated with MS, such as disability, depression
and fatigue. The results of this study are superior to or
equivalent to those of an exercise program in a treatment
room.
2.3 The effect of hydrotherapy on spasticity
Spasticity is one of the symptoms of MS [44] and is a major
problem for 60-80% of patients with MS [45]. The most
commonly used definition of spasticity is that of Lance [46],
who states that: “Spasticity is a motor disorder characterized
by a velocity-dependent increase in tonic stretch reflexes
('muscle tone') with exaggerated tendon jerks resulting from
hyperexcitability of the stretch reflex”. Spasticity can predict
future falls [47] and is reported to affect quality of life by
increasing fatigue, pain, disability and posture deficits [48, 49].
Non-pharmacological treatment of spasticity in patients with
MS generally includes the avoidance of activating agents and
regular physiotherapy [50]. Treatment includes a wide range of
physiotherapy approaches such as exercise, therapeutic
postures, electrostimulation and vibration. It is reported that
physiotherapy is the most appropriate treatment for spasticity
[51]
. Physiotherapy interventions aim to maintain muscle
length, prevent contractions and change the mechanical
properties of the musculoskeletal system and plasticity within
the CNS [52].
Hydrotherapy may have a positive effect on spasticity in
patients with MS [53], however to date there is no study in the
literature on the effect of hydrotherapy on spasticity in
patients with MS. This hypothesis is supported by a recent
relatively systematic review of non-pharmacological
approaches to spasticity in MS, which does not include any
reference to hydrotherapy programs [54].
2.4. The effect of hydrotherapy on balance
Balance is one of the components of physical condition [55].
Balance disorders or imbalance are common symptoms of MS
[56]
. Overall, 50-80% of people with MS experience balance
problems [57]. Motor problems and balance disorders are due
to decreased muscle strength, exercise tolerance, coordination
and reaction time that may increase the risk of falls [58].
Balance requires many CNS-controlled functions and many or
all of these functions can be affected by MS, which is the
reason why balance is considered to be regularly affected in
people with MS. MS can cause damage to vestibular function,
proprioception, vision, eye movement, coordination, cognitive
function and strength. Balance dysfunction in MS is often
perceived as three interrelated problems: reduced ability to
maintain position, limited and slow motion at the limits of
stability, and delayed responses to shifts and disturbances. In
addition, the performance of functional balance can be
affected in cases of simultaneous work, as in many real
situations, balance is required when performing other motor
or cognitive work [59].
Various evaluation tools have been used to assess balance in
patients with MS, such as the Timed Up-and-Go (TUG) test
[60]
, the Berg Balance Scale (BBS) [61], the Tinetti
Performance Oriented Mobility Assessment (POMA) [62], the
Dynamic Gait Index (DGI) test [60] and the Guralnik Test
Battery [63]. There is a lack in the literature on the effect of

physiotherapy interventions on the balance of patients with
MS. In particular, few studies have examined the efficacy of
hydrotherapy programs on the balance of people with MS.
Kargarfard et al. [64] studied the effect of an 8-week
hydrotherapy program on the gait of patients with MS.
Participants were 32 women with a mean age of 36.4 ± 8.2
years, who were randomly divided into two groups, the
intervention group consisting of 17 women and the control
group consisting of 15 women. The hydrotherapy protocol
included three sessions per week for 8 weeks. Each session
had a duration of 60 minutes at an intensity of 5075%HRRmax. Each session consisted of 10 minutes warmup, 40 minutes hydrotherapy exercises and 10 minutes
recovery. Exercises aimed at mobilizing the joints, functional
exercises, balance exercises and walking at different
intensities were used. The program was performed in cycles
in stations and each exercise included 10-12 repetitions. The
BBS was used to assess balance. The results showed that the
intervention group score on the BBS improved significantly
while in the control group it decreased. The interaction of
group-time factors was statistically significant on the BBS
score.
In another study, Majdinasab et al. [65] while researching the
effect of hydrotherapy on balance in women with MS found
that there was a significant improvement in balance in the
experimental group for the Forward Reach, Left Reach and
Right Reach tests but not for the TUG test. The study
involved 40 women, who were randomly divided into two
groups, intervention and control. Each group consisted of 20
women. The hydrotherapy program had a duration of eight
weeks and a total of 24 sessions were held, three each week.
Each session lasted 60 minutes and consisted of 10 minutes
warm-up, 40 minutes hydrotherapy exercises and 10 minutes
recovery. Stretching exercises, balance exercises, walking and
cycling were used. The exercises were performed in three sets
of 10 repetitions for the first four weeks and in three sets of
20 repetitions for the next four weeks.
Salem et al. [66], studied, among other things, the effect on the
balance of a hydrotherapy program in the community. The
study involved 11 patients with MS, while only 10 completed
the program, of which eight were women and two men. The
study did not have a control group. The hydrotherapy program
had a total duration of five weeks and took place in a
swimming pool with a constant temperature of 31°C. There
were two sessions per week and each session lasted 60
minutes and consisted of warm-up, hydrotherapy exercises
and recovery (the times were not mentioned). The warm-up
included moderate-intensity aerobic exercise, flexibility
exercises and neck, upper and lower limb exercises. The
hydrotherapy exercises included activities aimed at joint
mobility, muscle strength, balance, posture, as well as
functional activities. The BBS and the TUG test were used to
assess balance. The results showed that the score on the BBS
increased statistically significantly, while there was a
significant decrease in the score on the TUG test. During the
intervention, there was no change in the level of fatigue, and
no side effects related to the program were observed. The
percentage of patient satisfaction for the experience, quality
and organization of the program reached 100%. The
researchers concluded that a community hydrotherapy
program has significant benefits and is necessary for the
rehabilitation of patients with MS.
2.5 The effect of hydrotherapy on gait
Walking is one of the most basic and oldest functions of the
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human species
and is strongly related to the autonomy and
quality of life of individuals [68]. Gait is one of the functions
most affected in patients with MS [69] at 89% as assessed by
the Expanded Disability Status Scale (EDSS) [70]. In patients
with MS, gait disorders are considered to be one of the
leading causes of disability [68]. People with MS walk more
slowly, with fewer, smaller and wider steps. have increased
variability in time between steps and spend more time on
double support compared to healthy individuals [71, 72]. MS is
also highly associated with reduced levels of walking in
everyday life as reflected by accelerometers or pedometers
[73]
, resulting in reduced levels of physical activity compared
to the recommended levels [74].
In the study of Salem et al. [66], which is briefly described in
the balance section, the results showed a significant
improvement in gait speed in patients with MS after the end
of the hydrotherapy program. From the literature review, no
other study was identified on the effect of hydrotherapy on
gait in people with MS.
3. Discussion
The main purpose of this study was to review the literature on
the effect of hydrotherapy on characteristic symptoms of MS
such as fatigue, pain and spasticity as well as on functional
characteristics such as balance and gait. The results show that
there is a relative lack of literature on the use of hydrotherapy
as a physiotherapy tool in MS and its effect on all the
aforementioned factors. The few studies that have been
conducted either include a small number of participants, do
not report detailed results, or the control group is absent.
However, hydrotherapy is proposed as an effective and
enjoyable rehabilitation method for patients with MS, which
can reduce the levels of fatigue, pain and spasticity and
improve both balance and gait parameters.
The effect of hydrotherapy on fatigue in people with MS can
be explained by two mechanisms. The first one is that because
MS patients are sensitive to heat and symptoms worsen in hot
environments, pool water can lower body temperature and
increase exercise tolerance compared to land exercise
programs. The second is that water buoyancy reduces gravity
and resistance to body movements and helps MS patients
engage in physical activity for longer periods of time with less
fatigue [34].
Regarding pain, hydrotherapy programs can reduce pain in
patients with MS and this effect is reported to be maintained
up to 10 weeks after the end of the programs [75, 76]. Spasticity,
which has a significant impact on overall disability in MS, is
significantly improved with hydrotherapy due to the fact that
patients are able to perform more movements as they immerse
themselves in water [77]. Increasing the level of exercise also
has a positive effect on fatigue [78].
In patients with MS, loss of balance is a major problem due to
reduced power and motor control [79]. Therefore, the risk of
fractures from falls in patients with MS increases by 2 to 3.5
compared to healthy individuals [80]. Hydrotherapy programs
can improve balance as evidenced by BBS scores [64, 66].
However, no studies longer than eight weeks are available [64].
A limitation of the BBS is that it does not assess the vertical
axis or cognitive factors that affect balance, thus affecting the
risk of falling [81].
Targeted hydrotherapy programs that include specific
exercises can improve gait speed in patients with MS [66]. This
improvement may be due to the appropriate combination of
exercises and the properties of water as well as the fact that
exercises can be performed by patients with MS in water,

which cannot be performed on land

[82]

.

4. Conclusions
Hydrotherapy is proposed as a safe, effective and enjoyable
method of rehabilitation in patients with MS to improve
fatigue, pain, spasticity, balance and gait as evidenced by
studies. Furthermore, no hydrotherapy-related injuries,
accidents or side effects have been reported. However, longer
studies are needed with a larger number of participants that
will include, in addition to hydrotherapy programs, land
exercise programs in order to produce comparable results.
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