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Abstract
Objective

It was a survey of the effect of a combined program of aquatic exercise and swimming on standing
stability of three different clinical forms of Multiple Sclerosis (MS).

Design

31 MS subjects were divided into three groups, based on spasticity, ataxia and ataxic-spastic syndromes.
Standing stability was assessed in open and closed eyes conditions in quiet standing by use of Kistler
force platform. The Ashworth Scale and Brief Ataxia Rating Scale (BARS) were used to determine the rate
of spasticity and ataxia rating, respectively. All patients participated in the intervention (3 sessions in
week for 2 months). All tests repeated after the exercise. Paired t-test and ANOVAs (repeated measure)
were used to determine the effects of exercise on standing stability parameters.

Result

The total path length of center of pressure (eyes open position) before intervention was
1415.5±575.75mm, 1216.4±817.38mm and 1662.3±540.27mm compared to 1119.7±435.51mm,
655.53±256.31mm and 1169.6±369.67mm after intervention in ataxic, spastic and ataxic-spastic
subjects, respectively (p<0.04). The rate of spasticity, EDSS and BARS decreased after the exercise
program (p<0.05).

Conclusion

Aquatic exercise and swimming skill improved MS subjects' standing stability. Therefore, they are
recommended to use the aquatic training as a complement treatment aside from medication treatments.

Introduction
Multiple sclerosis (MS) is one of the most common chronic, progressive and disabling neurological
disorders. Its diagnosis is based on the detection of multiple in�ammatory demyelinating white matter
lesions (1). The main cause of this disease is still unknown. The prevalence of MS in the world varies and
depends on geographical location. Its prevalence varies between 5.05/100,000 in Ecuador (2) and
80/100,000 individuals in Europe (3) and in Iran, the age ranges 16-35, 14/100,000 (4). Isfahan City in
Iran has the highest level of prevalence of MS diseases (5).

The most common disabling complaint associated with this disease is balance disorder due to
demyelinating vestibular nerve or areas surrounding vestibular nucleus in brain stem and it is not
depending on the severity of the disease (6-8). Several studies showed that these patients have
signi�cantly more trunk sway during Romberg and tandem gait tests (9), reduced magnitude of
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anticipatory postural adjustments (APAs), delayed latency of APAs and had smaller anticipatory center of
pressure (COP) displacement (10) as compared to healthy control subjects.

Various types of treatment methods such as use of various assistive devices (kinds of orthotics, robotics,
and etc.) and rehabilitation exercise have been used to return the abilities of the MS subjects in standing
and walking. Aquatic exercise is the most common treatment suggested for these patients. Some studies
showed the effect of aquatic therapy exercise program on some different variables such as quality of
life(11-13), enjoyment or fun(14), musculoskeletal function(15, 16), cardiovascular �tness and
fatigue(17), fatigue and muscle function(18, 19), pain(20), gait(21, 22), muscular force (23) and balance
(24, 25). Despite the potential bene�ts of aquatic therapy, there is limited research examining the effects
of water activity on individuals with different clinical forms of MS. Therefore, the aim of this study was to
evaluate the effects of the aquatic exercise and swimming (AE&S) program on standing stability of these
subjects. The main hypothesis associated with this study was that this exercise will in�uence the
standing stability of MS subjects with three different clinical forms.

Method
Trial design: A range of symptoms such as ataxia, spasticity and both ataxia and spasticity, will be
dominant in MS patients with EDSS more than 3.5. Therefore, the MS population is a heterogeneous
population that is split into fairly homogenous groups. As a result, strati�ed sampling was used in this
study. In addition, three groups of patients received only a parallel rehabilitation program. The
rehabilitation program included a combination of aquatic exercise and swimming.

Sample size: The sample size was estimated by the sample size calculation formula for quantitative
variables (26). In this formula, N=204, S=0.15 (static balance variable) (25), t=1.96 and d=0.05
(con�dence interval=95%) were estimated, and n=29 was calculated. 31 patients participated in
coherence to this study. Table 1 shows the characteristics of the subjects participated in this study.

A neurologist referred 204 patients with symptoms of ataxia (n=70), spastic (n=67) and ataxia-spastic
(n=67), but the details of the research were unknown for the neurologist and the other investigators. For
allocation of the patients, a computer-generated list of random numbers was used and the patients were
randomly assigned to 3 groups. Among these, 18 patients (the larger number of patients being due to
losses or exclusions after randomisation) were selected randomly in each stratum while 54 patients
participated in the study with complete consent and desire. 15 patients were excluded due to lack of
cooperation and irregular presence at exercise sessions, and 8 patients did not continue training due to
relapse and physical problems and they were also excluded. At the end, 31 patients (ataxia (n=11),
spastic (n=10) and ataxia-spastic (n=10)) completed exercise program.

Subjects: MS subjects were divided into three groups, based on spasticity, ataxia and ataxic-spastic
syndromes.
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The study was done at the MS clinic of Azahra Hospital in Isfahan, Iran. The MS subjects were selected
from those referred to Azahra Hospital for periodic evaluation based on the following inclusion criteria.

Eligibility criteria for participants included a de�nite diagnosis of MS (relapsing-remitting and progressive
type) with a duration of 5 years, being relapse-free during the past 30 days before testing, having an
EDSS range of 4-6.5, having dominate symptoms of spasticity or ataxia, or both symptoms, and being
between the ages of 25 and 52 years old. Criteria for rejection included the inability to give informed
consent, pregnancy, lactation or pregnancy during the study, having cognitive disorders; severe disorders
in visual function, serious psychological disorders, intense arthritis in the knees or hips, and skin
diseases. Table 1 shows the characteristics of the subjects who participated in this study.

An ethical approval was obtained from Isfahan University of Medical Sciences, ethical committee (No.
5850/9/35/16 / C). Each subject was asked to sign a consent form before data collection. The
neurological impairment of the MS subjects was diagnosed by a neurologist and was divided into three
groups based on clinical tests. The Ashworth Scale and Brief Ataxia Rating Scale (BARS) were used to
determine the rate of spasticity and ataxia rating, respectively.

The Expanded disability status scale (EDSS) is an eight functional system scale that includes: motor,
sensory, cerebellar, brain stem, visual, mental, and sphincters parameters. Each domain was graded from
0 = no disability, to 6 or 6.5 = maximal disability based on history and physical examination. According to
this scale, 0 was scored as normal and 10 was scored as death from MS (27). The spasticity of lower
extremity musculatures was evaluated by use of modi�ed Ashworth scale, which is considered to be a
validated clinical measurement to grade spasticity (28). This involves mobilization of individual joints to
provide a clinician-based assessment with an ordinal outcome. The scale ranges from a score of 0 = no
increase in tone to 4 = limb rigid in �exion or extension. Four groups of lower extremity musculatures
were evaluated in right and left sides separately (ankle plantar �exor, knee �exor and extensor, and hip
adductor). The mean values of both right and left sides in every joint and total mean of both of the leg
muscles groups were recorded for �nal analysis. Ataxia was scored using the Brief Ataxia Rating Scale
(29) which is graded from 0 = Normal, to 30 = high disability. All of these scales measured before and
after the Aquatic exercise and Swimming (AE&S) program.

Test Protocol: The subjects were instructed about the testing procedure and instruments, and then their
weight and height were measured and recorded. A Kistler force platform (model: Kistler Instrument AG
Winterthur-Switzerland, Type 5233A2; size: 400×600mm) was used to measure the Centre of Pressure
(COP) which is considered to be a good approximation to sway. The reliability of the force plate, based on
excursions of the COP in the mediolateral and anteroposterior directions, was measured by many
investigators and was more than 0.75 (30-33). The accuracy of the force platform according to the
manufacturers manual is very high and the error of this system is less than 1% (34). Analogue signals
were sampled at a frequency of 120 Hz with an analogue to digital converter and were stored on a
computer. The signal of the force plate was �ltered with a Woltring �lter with cut off frequency of 10 Hz
(33, 35). They were asked to stand on the force plate for one minute. Data was acquired with subjects in
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double leg stance with feet at pelvic width during normal standing. They were instructed to look straight
ahead, with their head erect and their arms at their sides in a comfortable position. This test was
performed with opened and closed eyes conditions and was measured before and after the AE&S
program. The tests were repeated 3 times and data was collected for 60 seconds.

Standing Stability Parameters: The standing stability of the participants was evaluated by the use of a
linear approach based on COP sway. Linear analysis was done by evaluating COP excursions in both
anterior-posterior and mediolateral planes and path length of COP in mediolateral and anterior-posterior
directions. The following equations were used for �nal analysis (36, 37):

where COPEAP, COPEML, PLAP, PLML, and TPL are the excursion of the center of pressure in the anterior-
posterior direction, excursion of the center of pressure in the mediolateral direction, path length in the
anterior-posterior direction, path length in the mediolateral direction, and total path length, respectively.

Aquatic exercise and swimming (AE&S) Program: During the �rst training session, subjects were asked to
control their body in water with a Noodle belt. This program was completed 3 days a week for 8 weeks
(24 sessions, 70-minute exercise sessions). The study stopping guideline was a reputation of
measurements in the end of 24 sessions of training. Training intensity was established at 60 to 75
percent of the subjects' estimated maximal heart rate. In addition, subjects performed 3 sets of 10
repetitions (at �rst) to 15 repetitions at the end of the program (rest time, 4 minutes between sets to
control fatigue) (38). Repetitions on every joint in lower and upper extremities performed in small,
medium, and full of range of motions (ROM). The water temperature was 27 to 28 ° C. (38). Fatigue and
increased body temperature are the risk factors for MS patients and should be controlled in exercise
programs. In each moment of practice, patients felt cold, fatigue, dizziness, spasms and other symptoms;
therefore, they were removed quickly from the water environment and were under direct surveillance until
recovery. All investigators and patients were kept masked to outcome measurements and trial results.
Patients were made aware of training in water but they were blinded about the effects of aquatic exercise,
the kinds of movements that were performed in water, and exercise protocol. AE&S program details are
presented in Table 2.
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Statistical Analysis: Statistical analysis was carried out using SPSS version 21. The Shapiro-Wilk test
was used to check the normal distribution of the parameters. The differences between three groups in
age, height, weight, and disease duration were determined by one-way ANOVAs. The difference between
stability parameters, EDSS, BARS, and the Ashworth Scale before and after exercise was evaluated by a
paired t-test. Measures of standing stability between three groups of MS subjects were analyzed using
between-groups repeated measures general linear model. Factors were vision (two levels: eyes-open
versus eyes-closed) and session (two levels: pre-intervention versus post-intervention). The signi�cance
was de�ned as P-value less than 0.05 (95% con�dence interval).

Result
Thirty one patients' completed the exercise protocol and their measurements were entered in the
statistical analysis. The results of the Shapiro-Wilk test showed that all parameters had normal
distribution. There were not any signi�cant differences in age, height, weight of four groups, EDSS, and
disease duration between three groups of MS subjects (P > 0.05).

According to Table 3, the mean value of EDSS was 4.64±0.98 in ataxic subjects, 5.65±0.85 in ataxic-
spastic subjects, and 4.15±0.85 in spastic subjects before exercise. After the AE&S program, the data
changed to 4.13±1.19, 3.65±0.97, and 5.40±0.84 in ataxic, spastic, and ataxic-spastic group, respectively
(P < 0.01). Before the exercise program, the mean values of BARS were 9.09±4.04 and 11.00±4.6 in ataxic
and ataxic-spastic groups, respectively, compared to 4.82±3.34 and 9.20±5.45 after exercise (P < 0.01).
The total mean of spasticity decreased after the AE&S program in spastic and ataxic-spastic groups (P <
0.006).

The mean values of COP excursion in the anterior-posterior direction before the AE&S program were
55.66±21.68, 49.37±16.8, and 49.80±21.78 in ataxic, spastic, and ataxic-spastic subjects, respectively. In
contrast, it decreased signi�cantly in spastic and ataxic-spastic groups after exercise (P < 0.05). The
same result was observed for COP excursion in the mediolateral direction. The path length of COP in
anterior-posterior direction before the AE&S program was 940.97±318.08mm, 724.32±263.03mm, and
1099.9±461.80mm compared to 779.29±246.55mm, 494.69±102.76mm, and 801.55±311.17 after
exercise in ataxic, spastic and ataxic-spastic subjects, respectively. Table 4 summarizes the results of the
standing stability evaluation before and after the exercise.

The mean value of stability parameters in eyes-closed condition between three groups of MS subjects are
shown in Table 5. All of the stability parameters (COP excursion in the anterior-posterior and mediolateral
directions, path length of COP in the anterior-posterior and mediolateral directions, and total path length
of COP) were signi�cantly decreased after the exercise program.

Interaction between the stability of three groups of MS and vision factor was signi�cant (p-value=0.02)
(Graph 1, A). Interaction between the stability performance of three groups of MS and session factor (two
levels: pre-intervention versus post-intervention) is shown in Graph 1, B. There was no interaction between
the groups (P =0.7).
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The result of the difference between-groups is shown in Table 6. There are differences between most of
the stability parameters of spastic subjects with ataxic and ataxic-spastic subjects. Also, there is no
difference between the ataxic and ataxic-spastic groups.

Discussion
Multiple Sclerosis (MS) is one of the neurological disorders, which in�uence the abilities of the subjects
to stand and walk. Based on the results of various studies, the stability of those with MS differs from that
of normal subjects. (6) (39), (8), (40). Therefore, various treatment approaches have been used to
improve their stability and to decrease risk of falling. There was not enough evidence in literature
regarding the effects of aquatic exercise and swimming program on the standing stability of subjects
with different clinical forms of MS. Therefore, we examined the effects of aquatic exercise and swimming
program on the standing stability parameters, EDSS, spasticity and brief ataxia rating of three different
clinical forms of Multiple Sclerosis (spastic, ataxic and ataxic-spastic) with high EDSS.

The result of this study showed that patients with ataxic and ataxic-spastic disorder have less stability
than that of spastic subjects. As seen in Tables 3–5, ataxic and ataxic-spastic MS subjects had
instability in both mediolateral and anterior-posterior directions. However, those with spastic symptoms
had better stability that may be due to stiffness of the muscles surround on knee and hip joints. In
addition, there was a signi�cant interaction between stability performance of three groups of MS subjects
and vision factor. It means that ataxic and ataxic-spastic group in closed eyes condition had worse status
than spastic subjects were. There is no doubt that subjects with ataxic and ataxic-spastic symptoms
have weakness, spasm or wrong timing of muscular contraction which are the main factors which
produce imbalance (41). Moreover, the result of this study also showed that these subjects are
excessively, dependent on their vision as one of the sensory mechanisms to control their standing
stability.

Other results of this research showed that the stability of three groups of MS subjects improved following
the AE&S program, which may be due to the effects of exercise on decreasing spasticity, EDSS and rate
of ataxia following exercise. Although there were contrasting studies in literature on using various
exercises on stability of MS, none of them focused on various forms of MS. Kileff and Ashburn showed
that aerobic exercise improved stability and walking ability and decreased fatigue and disability (42).
White et al showed that resistance training exercise improved the strength of lower extremity muscles,
walking and functional performance in subjects with MS (43). Yazdini et al also showed that aquatic
exercise improved dynamic balance of MS subjects (based on berg balance scale) (24). Hejazi et al
measured balance using a balance gauge and con�rmed aerobic exercises in water improved balance in
MS patients (25). Our results were con�rmed by these studies. In contrast, DeBolt and McCubbin did not
con�rm the effects of resistance exercise on stability and mobility adults with Multiple Sclerosis (44).
Coco et al did not �nd any effect on the rate of EDSS after the aquatic program (23), which contrasted
our �ndings.
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It should be noted that water creates weight relief and helps subjects ambulate with less assistance and
without any assistive devices. Water allows subjects to move their lower and upper extremities through a
full range of motion without any problem. In addition, water has a resistance effect and controls
increasing body temperature. Supine swimming and lower and upper body exercises improve muscle
strength, coordination, physical power, range of motion, muscle control and reduction of muscle rigidity
(16, 18). Therefore, it could be emphasized that this type of exercise is helpful in improving stability of
various forms of MS.

There is a limitation, which should be acknowledged in this study, which is that only static stability was
evaluated in this study. In addition, the stability was evaluated only based on a linear approach.
Therefore, it is recommended that both static and dynamic stability be evaluated in future studies based
on linear and non-linear approaches. Another limitation is the lack of three control groups in this study.
These subjects would not show the intervention effects because patterns of diseases relapse and
progress. It is a di�culty for these studies to �nd matching control subjects. In addition, participants were
selected from among women due to the exercise in the water, and ethical issues in the Muslim countries.

Conclusion
As a whole, aquatic exercise and swimming improved stability parameters of MS patients. The stability
of ataxic and ataxic-spastic groups of MS differs from spastic subjects. Ataxic and ataxic-spastic group
in closed eyes condition had worse statues than spastic subjects were. The rate of spasticity, EDSS and
ataxia rating decreased after aquatic exercise and exercise had the same effect on three groups of
patients. Therefore, it can be concluded that this is the �rst study to evaluate the effects of aquatic
exercise and swimming on stability of the subjects with several cases of MS disorder. Combined program
of aquatic exercise and swimming is recommended for MS patients. They can use these trainings as a
complement treatment beside medication treatments.
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Tables
 Table 1: The characteristics of the subjects recruited in this study

Spastic group (N=10)Ataxic-spastic g. (N=10)Ataxic G. (N=11) 

42.60±9.1641.00±6.7136.82±10.85Age (year)

1.61±0.061.57±0.061.59±0.07Height (m)

69.00±10.7858.00±11.1266.82±18.23Weight (kg)

8.20±5.278.90±5.288.64±5.77disease duration(year)

 

Table 2: Exercise program

Time Stages Explain

15
min

Warm-up  Walking; supported by Noodle belt (increased distance from 100m to 500m
end of the program). 

(Forward, backward, left and right sideways walking with upright position and
longitude length step, maximum �exion and extension of hip and knee joints,
maximum dorsi�exion of ankle with heel contact), training through a full ROM. 

20
min

Aquatic
exercise

Upper and lower body exercise and balance training; supported by Noodle belt
(stretching, endurance and strength training), worked on �exor, extensor,
abductor and adductor muscles of upper and lower body. 3 set 10-15
repetitions (small, medium, and full ROM). Performing of balance training
(closed-open eyes) in shallow water.    

20
min

Swimming Supine swimming; wearing Noodle belt, (completed it and increase distance
from 50m to 300m by end of the program) 

15
min

Cool-down Walking, stretching and relaxation training.   
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 Table 3: Mean and standard deviation of EDSS, BARS and Modi�ed Ashworth scales in three groups of
patients

Scales Intervention Ataxic G. Spastic G. Ataxic-Spastic G.

EDSS Pre 4.64±0.98 4.15±0.85 5.65±0.85

post 4.13±1.19 3.65±0.97 5.40±0.84

P-value 0.000 0.001 0.01

BARS  Pre 9.09±4.04 0.3±0.48 11.00±4.6

post 4.82±3.34 0.00 9.20±5.45

P-value 0.005 0.08 0.016

Ashworth Hip Adductors Pre 0.00 0.35±0.41 0.55±0.36

post 0.00 0.2±0.42 0.30±0.42

P-value - 0.21 0.14

Ashworth Knee Extensors Pre 0.00 0.50±0.47 1.15±0.97

post 0.00 0.15±0.33 0.70±0.88

P-value - 0.02 0.19

Ashworth Knee Flexors Pre 0.00 0.45±0.68 0.75±0.54

post 0.00 0.25±0.42 0.40±0.12

P-value - 0.10 0.04

Ashworth Ankle Plantar Flexors Pre 0.32±0.46 2.35±0.94 2.50±0.71

post 0.18±0.40 1.70±1.00 2.10±0.93

P-value 0.43 0.004 0.02

Total mean Ashworth Scale Pre 0.08±0.11 0.91±0.53 1.24±0.33

post 0.05±0.10 0.58±0.46 0.87±0.37

P-value 0.43 0.002 0.006
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 Table 4: Mean and standard deviation of Stability Parameters in eyes-open condition in three groups
of subjects

Parameter Intervention Ataxic G. Spastic G. Ataxic-spastic G.

COPEAP

(mm)

pre 55.66±21.68 49.37±16.84 49.80±21.78

post 42.70±16.11 30.10±10.60 41.39±16.31

p-value 0.06 0.004 0.01

COPEML

(mm)

pre 64.27±67.96 25.04±12.35 63.85±53.78

post 31.17±20.30 14.48±5.96 35.27±35.97

p-value 0.09 0.01 0.006

PLAP

(mm)

pre 940.97±318.08 724.32±263.03 1099.9±461.80

post 779.29±246.55 494.69±102.76 801.55±311.17

p-value 0.001 0.01 0.002

PLML

(mm)

pre 1046.5±518.28 957.52±700.69 1229.4±350.88

post 804.50±378.67 503.05±100.41 880.38±309.18

p-value 0.01 0.08 0.005

TPL

(mm)

pre 1415.5±575.75 1216.4±817.38 1662.3±540.27

post 1119.7±435.51 655.53±256.31 1169.6±369.67

p-value 0.003 0.04 0.001

 

 Table 5: Mean and standard deviation of Stability Parameters in eyes-closed condition in three groups of
MS subjects
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Parameter Intervention Ataxic G. Spastic G. Ataxic-spastic G.

COPEAP

(mm)

pre 83.22±42.57 48.46±14.38 73.29±25.75

post 57.84±21.51 35.62±12.63 54.96±18.23

p-value 0.02 0.047 0.002

COPEML

(mm)

pre 105.60±94.82 19.40±7.96 85.28±63.69

post 33.48±24.71 19.96±10.14 41.91±22.60

p-value 0.01 0.87 0.03

PLAP

(mm)

pre 1627.1±720.98 937.19±308.27 1571.3±489.85

post 1140.1±621.86 647.55±133.26 1109.0±356.18

p-value 0.01 0.01 0.003

PLML

(mm)

pre 1631.7±821.93 1188.3±805.07 1588.9±493.39

post 1088.4±754.55 663.20±160.56 995.75±172.39

p-value 0.000 0.066 0.002

TPL

(mm)

pre 2333.4±1052.9 1530.5±829.96 2262.9±606.21

post 1598.6±884.01 924.10±200.56 1506.1±323.64

p-value 0.004 0.044 0.001

 

 

Table 6: multiple comparisons between stability parameters of three MS groups and vision factor
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Parameter Interv. At.&Sp. At.&A.S. Sp.&A.S. O. Power

COPEAP Pre 0.55 0.74 0.41 0.99

post 0.01 0.98 0.03 0.90

COPEML Pre 0.001 0.9 0.007 0.55

post 0.09 0.76 0.01 0.25

PLAP Pre 0.006 0.97 0.002 1.00

post 0.003 1.00 0.003 0.97

PLML Pre 0.54 0.98 0.32 0.99

post 0.01 1.00 0.02 0.51

TPL Pre 0.13 0.98 0.06 1.00

post 0.001 0.99 0.003 0.92

Interv. = Intervention, At. = ataxic, Sp. = Spastic, A.S. = Ataxic-Spastic, O. power = observed power  

 

 

 

 

Figures
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Figure 1

A: Interaction between (MS group*vision) (Pvalue=0.02), B: Interaction between (MS group*exercise) (P-
value=0.7)


