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40 years, and rarely during childhood or in older ages. 
The disease course usually is a relapsing-remitting pro-
gression, with a transition to a secondary after some 
length of time, or a primary progression right from the 
start. The precise etiology of MS still remains unclear.2

MS currently has no cure and available treatments 
are offered to slow the progression of the disease, re-
duce relapses, or improve symptoms.3 Therefore, the 
symptomatic and supportive interventions that aim to 

Multiple sclerosis (MS) is a chronic inflammatory 
disease of the central nervous system (CNS), 

which causes multifocal demyelination along with as-
trocytic gliosis and variable axon loss in the brain and 
spine. MS is one of the most common causes of non-
traumatic disability in young adults and approximately 
1-2.5 million people around the world are estimated to 
be affected, depending on the publication.1, 2

MS usually manifests itself between the age of 20 to 
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A B S T RAC   T
BACKGROUND: Multiple sclerosis (MS) is a disabling chronic disease of the nervous system in which the myelin system of the central nerv-
ous system is deteriorated. This study aimed to evaluate the effectiveness of an aquatic exercise program on the physical condition of patients 
suffering from multiple sclerosis.
METHODS: The study included 26 participants divided into two groups: an experimental group (EG) with 13 individuals and a control group 
(CG) also with 13 individuals. The EG underwent 12 weeks of aquatic exercise, three times per week and 45-60 minutes per session. The groups 
were evaluated pre- and post-intervention, and were later compared to check for differences between groups. Data was collected by using func-
tional tests such as the Timed “Up and Go” Test, the Timed 7.62 Meters Walk Test, the Getting up from a Sitting Position Test and the Balance 
Test.
RESULTS: Significant differences were found between the groups in the post-intervention stage. Furthermore, significant differences were also 
observed in all domains of physical condition of EG patients, in the post-intervention stage. Results obtained from the intention-to-treat analysis 
were consistent with those found in the literature.
CONCLUSIONS: Therefore, this study’s results suggest that aquatic exercise programs can effectively improve multiple sclerosis patient’s 
physical condition and should be considered when coping with this public health problem.
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All subjects underwent a pre-test, after which the EG 
began aquatic exercise training. The control group did 
not participate in any prescribed physical training, as 
confirmed in the interviews conducted at the end of the 
intervention. All patients who participated in this study 
had previously received medical clearance to do so, and 
the eligibility criterion used was having been diagnosed 
with MS for over a year. All volunteers were informed 
about the study and signed the authorization form (in-
formed consent) according to Resolution 466/2012 of 
the National Ethics Committee - CONEP, the National 
Health Council, in accordance with the ethical princi-
ples expressed in the Declaration of Helsinki (1964, re-
formed in 1975, 1983, 1989, 1996 and 2000), the World 
Medical Association.

Patients were classified according to Functional Sys-
tems and the Expanded Disability Status Scale (EDSS).10 
Thus, 15.4% of the EG individuals had mild disability 
(mild), 76.9% had moderate disability and 7.7% had 
high disability. Moreover, 23.1% of subjects belonging 
to the control group had mild disability (mild), 61.5% 
had moderate disability and 15.4% had high disability 
(Table II). No patients with serious disabilities (very 
high disabilities) were identified in this study.

Instruments

The aquatic exercises were performed in a 25 m x 
12.5 m unheated pool, with an average depth of 1.5 m, 

improve daily functioning of patients with MS are im-
portant.4 Exercise training is considered an important 
behavioral strategy with significant implications for 
slowing MS progression.5

The American Physical Therapy Association has es-
tablished preferred practice patterns that provide a basis 
for therapy exercises for patients, including those with 
MS.6 One specific type of physical therapy that is rec-
ommended by the American Physical Therapy Asso-
ciation is the aquatic exercise. The buoyant nature and 
viscosity of water facilitate physical activities for indi-
viduals with physical weaknesses. In addition, as pa-
tients with MS may experience exacerbated symptoms 
when exposed to heat, aquatic exercises can help reduc-
ing weakness and other neurologic symptoms.7

Notwithstanding, there is limited information about 
the types of physical activity performed by MS pa-
tients.8, 9 There is also little knowledge on the relation-
ship between aquatic exercises and improved physi-
cal condition in patients with MS, in particular when 
assessed through tests of balance, walking, and lower 
limb strength.

Thus, this study aimed to evaluate the influence of 
aquatic exercises on physical condition, measured by 
walk, lower limb strength and balance tests, in patients 
affected by MS.

Materials and methods

Sample

The study began with 28 patients, divided randomly 
(by lottery) into two groups, both with 14 individu-
als each: the control group (CG) and the experimen-
tal group (EG). At the beginning of the second week 
of aquatic exercises, a patient from the EG withdrew 
from the program, leaving the EG with only 13 indi-
viduals. For the remainder of this study, no other patient 
left the program. However, an individual from the CG 
failed the post-intervention physical assessment. Thus, 
at the end of the program, the EG was composed by 13 
individuals, four males and nine females, whereas the 
CG was also composed by 13 individuals, but with five 
males and eight females, as seen in Table I.

The intervention was performed using the program 
called “New Horizons”, developed by the Third Mili-
tary Fire Battalion in Belo Horizonte, Minas Gerais, 
Brazil.

Table I.—�Sample characteristics.
Mean±SD 

experimental group
Mean±SD 

control group

Age (years) 41.3±7.3 43.6±7.6
Age (years) — male 40.8±9.6 44.5±8.0
Age (average±SD) — female 41.6±7.6 43.2±5.8
Gender (male/female) (%) 4 (30.1)/9 (69.9) 5 (38.5)/8 (61.5)
SD: standard deviation.

Table II.—�Sample distribution according to EDSS by group and 
gender.

Occurrence 
experimental group

Occurrence 
control group

Mild disability (male/female) (%) 2 (100)/0 (00) 1 (25)/2 (75)
Moderate disability (male/female) (%) 3 (30)/7 (70) 2 (25)/6 (75)
High disability (male/female) (%) 0 (00)/1 (100) 1 (50)/1 (50)
EDSS: Expanded Disability Status Scale.
Mild disability: 0 to 3.0; moderate disability: 3.5 to 5.5; high disability: 6.0 to 7.5; 
very high disability: -8.0 to 10.0 (not addressed in the study).
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onds was recorded for each patient. When reaching the 
30 seconds mark, if the participant was in the middle of 
an attempt, this attempt was still included/recorded.13, 14

Balance Test

The balance test assesses the risk of falls using the 
Berg Balance Scale, according to the model of Shum-
way-Cook et al.15 These tests were chosen because they 
are functional, easy to apply, cost effective, and have 
been validated and internationally accepted.11, 16

The Berg Balance Scale serves several purposes, such 
as the quantitative description of functional balance; the 
risk factor assessment of loss of independence and falls; 
and to determine the effectiveness of interventions in 
clinical exercises and research. The scale evaluates stat-
ic and dynamic balance, based on 14 common items of 
daily life, such as reach, turn, standing up and standing. 
The maximum score that can be achieved is 56 points. 
This test was applied in accordance with the procedures 
described by the authors who translated the test to Por-
tuguese and adapted the test for its use in Brazil.16

The model of Shumway-Cook et al.,15 which estab-
lished the relationship between the Berg Balance Scale 
and the risk of falls (10-100%), was used for quantita-
tive prediction of the risk of falls. With this model, full-
scale sensitivity was 91% and the specificity 82%. The 
probability of correct prediction increases in a non-lin-
ear fashion with decreasing score on the Berg Balance 
Scale. Each one-point decrease in the range of 56 to 54 
points is associated with an increased risk of falls of 3 
to 4%. From 54 to 46, one-point changes are associated 
with 6-8% increased risk, and below 36 points the risk 
of falls quickly approaches 100%.15

EDSS

Neurological deficiency and disability was determined 
by the Functional Systems and EDSS proposed by Kurtz-
ke.10 The EDSS is a neurological disability measure con-
sisting of 20 intervals of “0.5” point, where “0” indicates 
normal neurological examination, “5.5” indicates ability 
to walk without aid or rest for at least 100 meters and 
“10” means death due to MS. For those scoring less than 
“8” on the EDSS, the classification is based on mobility 
and neurological evaluation focused on eight functional 
systems (Functional Systems): visual, pyramidal, sen-
sory, cerebellar, sphincter, brain, brainstem and others. 

and the equipment used for the water activities included 
water dumbbells, buoys/floats and water noodles.

Functional tests

Timed “Up and Go” Test

The Timed “Up and Go” Test evaluates agility, 
strength and balance. In this test, the evaluator measures 
the time taken by an individual to stand up from a chair 
with armrests, walk three meters, turnaround, return to 
the chair and sit down.11 This is a practical test to mea-
sure lower limb function since it does not require spe-
cial equipment or training from the evaluators.

Timed 7.62 Meter walk

The Timed 7.62 Meter Walk Test is a measure of 
lower limb function present in the multiple sclerosis 
functional composite (MSFC). This instrument was de-
veloped in 1994 by the American Society of Multiple 
Sclerosis and is currently increasingly used in clinical 
studies involving people with MS.12 The test requires 
the patient to walk, as quickly as possible, a distance of 
7.62 m (25 feet) to a previously marked point on a non-
slippery floor. Each test consisted of two timed attempts 
and the patient was allowed to use any kind of support 
for walking if needed.

Getting up from a sitting position

This test is used to evaluate the functional capacity of 
the lower limbs and consists of the individual, starting 
from a sitting position, getting up from a chair without 
armrests. Equipment used for this test was a chair (with 
back, without armrests and a seat height of 43 cm) and a 
Model SW 50 timer (Cassio, Japan). During the test, the 
chair remained leaning against a wall. The test began 
with the individual seating on the chair with his back 
straight, feet shoulder width apart, and arms crossed 
at breast height. The participant then stands up, using 
only the lower limbs, and returns to a sitting position, 
repeating this sequence as many times as possible in 
30 seconds. Prior to the first assessment, the evaluator 
demonstrated the test to the participants. Afterwards, 
the patients performed two trials to allow familiariza-
tion with the procedure. In the actual tests, the greatest 
number of correctly performed repetitions in 30 sec-
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and the CG did not participate in any specific physical 
activity, as confirmed in the post-intervention interviews.

The activities were carried out three times a week, 
in sessions lasting 45-60 minutes in the period from 
07:00 to 19:00 hours. The training sessions consisted of 
a warming up exercises out of the water (walking) and 
activities in the aquatic environment, such as walking 
exercises in the pool, various movements and exercises 
with specific equipment and swimming.

The sessions were composed by walking out of the 
water (warming up) (5-10 minutes), walking in chest-
high water level (sternum) (5-10 minutes), water bicycle 
using the noodle (5-10 minutes), exercises for the upper 
and lower limbs (5-10 minutes), breathing exercises (5 
minutes), swimming (10 minutes) and a recovery period 
(5 minutes).

Statistical analysis

In this study, data were reported as mean±standard 
deviation. Normality of the data was verified using the 
Shapiro-Wilk Test, given the sample size. A two-way 
ANOVA, using “moment” and “group” as categorical 
variables (each with two levels; pre- and post-interven-
tion, and CG and EG respectively), was used to assess 
changes in the physical condition of the participants. 
Afterwards, Tukey HSD post-hoc tests were performed 
to determine if there were differences between groups 
at each moment (pre- and post-intervention) and if 
there were changes within the groups after 12 weeks 
of intervention. For these analyses, a significance level 
of P≤0.05 was used. To verify the effect size, Cohen’s 
f2 test was used, with adopted cutoff points from 0.02 
to 0.15 indicating small effect, 0.16 to 0.35 indicating 
moderate effect size, and greater than 0.35 indicating 
large effect size.20 All analyses were conducted using 
the statistical software SPSS, version 20.0.

Results

Participants were assessed before and after the aquat-
ic exercise training intervention (Table III).

There were significant differences (P≤0.05) in all 
Functional Measures of physical condition in post-inter-
vention, when comparing EG with CG. Effect size was 
large in the balance activities and in the averages for the 
tests Timed “Up and Go”, Timed 7.62 Meter Walk and 
Getting up from a Sitting Position (lower limb strength).

Scores from 0 to 3.0 (light) would represent minimal 
losses in terms of walking. Scores from 3.5 to 5.5 (mod-
erate) indicate that the person can probably walk 100 m. 
At scores of “6.0 to 7.5” (high) the person has much dif-
ficulty with activities of daily living, and from scores of 
“8.0” the person is likely restricted to bed (very high dis-
ability) (Cutter et al. 1999; Hobart et al. 2000). Scoring 
of “8.5 to 9.5” is based on self-care functions.10 Despite 
emphasizing movement and despite problems with stan-
dardization, sensitivity, reliability and inter-tester vari-
ability, this is still the most widely used measure in clini-
cal trials, which include people with MS.17

Evaluation of subjective perception of effort (OMNI Scale)

Intensity control

The Scale of Perceived Exertion (OMNI) was used 
according with the procedure adopted by Lagally and 
Robertson 18 and Gearhart et al.19 Instructions were 
carried out using pictures to describe the perception of 
effort during the familiarization and training sessions. 
The effort level was marked on a scale of “extremely 
easy” (0) to “extremely difficult” (10), with the partici-
pant pointing to the number corresponding to the inten-
sity of exercise. The strength-training load was adjusted 
during the intervention to fit the recommended OMNI 
Scale values of 6-8.

Familiarization

After the individuals had filled in the questionnaires, 
two familiarization sessions were made where the ex-
ercises were demonstrated and the OMNI Scale was 
explained to them. During the familiarization, instruc-
tions were given on how to use the scale with figures 
(mentioned above), which would be used during the in-
tervention. The scale was presented to the participants 
during each strength training session, and they were 
requested to indicate a numerical value on the scale cor-
responding to their perceived exertion at that moment.

Procedures

The tests were applied before the start of the physical 
activity program (pre-intervention) and after 12 weeks 
(post-intervention). Between pre-intervention and post-
intervention, EG underwent the aquatic exercise program 
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mentioned functional tests that require more strength to 
perform the tasks generally show better improvements 
than the short and long walking tests.

Results indicate that balance in EG patients improved 
significantly (41.83±5.19 to 44.61±5.22, P=0.012) af-
ter the aquatic exercise program, according to the Berg 
Balance Scale and the Timed “Up and Go” Test. Similar 
results were obtained by various authors, in which the 
application of an aquatic exercise program increased the 
balance in special groups.28, 29 The authors are unanimous 
regarding the recommendation of aquatic exercises for 
individuals with increased fear and risk of falling.28, 29

In relation to the Timed 7.62 Meter Walk Test, im-
provements were observed in EG, resulting in a re-
duction in the walking/running time (8.41±4.32s to 
6.91±4.44s). Testing for the ability to walk is based on 
its association with the disease’s progression 30 and it is 
considered an important personal function 31 with pro-
found implications for independence, quality of life, 
and daily-life activities of many patients.32 Hence, the 
results of this walking performance test can indicate a 
promising clinical outcome for MS patients and, subse-
quently, has been receiving more attention.33

Another perspective on identifying the appropriate 
duration of walking performance tests might involve 
considering physiological variables such as the rate of 
oxygen consumption (VO2). For example, there is abun-
dant evidence in health controls that VO2 increases in a 
curvilinear manner over the initial 2-3 minutes of sub-
maximal exercise, until reaching a plateau or “steady-
state” that is maintained over the remainder of submaxi-
mal exercise.34, 35

Regarding the lower limb strength, evaluated with 
the Getting up from a Sitting Position Test, there was 
significant improvement (12.12±3.11 to 13.72±3.23, 
P=0.042) in the EG. This result may be related to the 
need for overcoming the water’s resistance, since it af-
fects speed and hampers movement. Hence, perform-
ing a movement pattern in the water will require more 

Discussion

Muscle weakness is a hallmark symptom of MS and is 
associated with fatigue, reduced functional capacity and 
increased disability. In this study, we hypothesized that 
individuals with MS would increase muscle strength 
and improve physical condition in response to a conven-
tional twelve-week aquatic exercise training program.

This study demonstrates that the aquatic program 
for individuals with MS is capable of improving their 
physical condition. Hence, this work’s results contrib-
ute in two significant ways to current knowledge. First, 
they strongly support the clinical recommendation of 
considering aquatic exercise programs for patients with 
MS. Second, this data suggests that the effect size of 
improvement in the balance test is significantly greater 
after 12 weeks of aquatic exercise, when compared with 
the beginning of the training program. These results 
show the importance of aquatic exercise training for the 
studied group, since the loss of balance in MS patients 
restricts their daily activities and is responsible for fre-
quent falls, which may cause injuries to the patients.21

In this sense, therapeutic exercise (aerobic fitness and 
muscle strength training) and physical therapy (range 
of motion, muscle activity, toning, coordination, and 
balance) are therapeutic elements of paramount impor-
tance in MS.22 They accomplish three major objectives 
inherent to physical activity, emphasizing the ease in 
performing tasks, maintaining or increasing physical 
condition and increasing aerobic condition.23

EG patients showed an improvement in the Timed 
“Up and Go” Test (13,96±4,33 to 9,54±3,81, P=0.043) 
after the water training program. Several studies have 
conducted the Timed “Up and Go” test. Some studies 
observed no change in the Timed “Up and Go” Test,24, 25 
with one of the studies showing a tendency (P=0.09) 
for a 13% improvement.25 Others studies observed im-
provements in the Timed “Up and Go” Test of 8% 26 and 
9%,27 corroborating the results of this study. The afore-

Table III.—�Functional measures of physical condition pre- and post-intervention in the experimental (EG) and control (CG) groups.
Test EG pre EG post CG pre CG post P Cohen’s f2

Up and Go 13.96±4.33 9.54±3.81* 14.01±4.23 14.17±4.54 0.043 0.334
7.62 m 8.41±4.32 6.91±4.44* 8.35±3.80 8.36±4.12 0.031 0.348
Lower limb strength 12.12±3.11 13.72±3.23* 12.33±3.54 12.31±3.44 0.042 0.323
Balance Test 41.83±5.19 44.61±5.22* 41.58±6.18 41.44±6.13 0.012 0.670
*P≤0.05 (two-way ANOVA and Tukey HSD post-hoc test).
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ground walking in mildly disabled persons with multiple sclerosis. 
Neurol Sci 2011;32:255-62.
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strength from the individual than performing the same 
exercise out of the water.36 Furthermore, movements 
increase the turbulence of the water, leading to a con-
stant search for balance. Therefore, there is increased 
demand of leg strength for maintaining the standing po-
sition within the aquatic environment.36

Conclusions

Thus, it can be concluded that the water exercises tend 
to be beneficial for people affected by MS, improving 
their lower limb muscle strength, walking, sitting and 
standing. Furthermore, the effect size tends to be larger 
in physical traits related with balance. Thus, aquatic ex-
ercise stands as an important tool for maintaining and 
improving the physical condition of MS patients.
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