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Abstract

Purpose The objective of this pilot study was to compare
the effects of water-based exercise to conventional land-
based exercise on postural sway and quality of life in
people with Parkinson’s disease.

Methods Twenty people (male) with Parkinson’s disease
were randomly divided into two groups of ten. Both groups
carried out an 8-week (three sessions per week) physical
exercise protocol. Postural sway and quality-of-life
parameters of two groups were measured in pre- and post-
intervention sessions.

Results The between-group analyses indicate a greater
reduction and thus improvement in the mean velocity of
sway (p = 0.01) and an increase in the quality-of-life
scores (p < 0.001) in the water-based group compared to
land based.

Conclusions Water-based exercises were more beneficial
than land-based exercises when considering improvements
to postural stability and the quality of life of those with
Parkinson’s disease. The aquatic therapy is a promising
intervention in the rehabilitative care of people with
Parkinson’s disease.
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Introduction

Parkinson’s disease (PD) is a degenerative neurological
disorder affecting between 1 and 3% of older people [1].
Bradykinesia, muscle weakness, and poor motor control
have been identified as the causes of movement disabilities
and have, therefore, been the focus of the training exercises
in the past research [2]. Physical exercise is essential for
restoring joint mobility, muscle strengthening, and whole-
body coordination and, therefore, is an integral part of a
specific rehabilitation program to restore mobility and
increase QoL in people with PD [3].

Postural instability is frequently demonstrated in people
with PD [4] that contributes to their risk of falling [S] and
poor quality of life (QoL) [6]. The ability to control
standing postural sway is a prerequisite for many func-
tional activities of daily life and for safe mobility; thus, it is
commonly measured as a main parameter of human bal-
ance [7]. Using objective and precise measurements is
essential in clinical and research evaluations. A force plate
is an instrument that measures the ground reaction force
and is used to quantify the postural sway in upright
standing. Previous studies have demonstrated that the
sensitivity and reliability of the Centre of Pressure (CoP)
parameters measured with a force plate are sufficient to
differentiate people with PD from their healthy peers of
similar age [8]. Furthermore, the force plate data can also
be used to show the changes of dyskinesia-induced postural
instability [9] and predict postural instability in people with
PD [10]. People with PD have shown less body sway in
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standing and a reduced limit of stability in dynamic tasks,
and a higher risk of falling [11, 12].

Physical exercises that address deficits in postural sta-
bility have shown positive effects to increase motor
function and independence in people with PD [13, 14].
Equipment-based resistance trainings have shown benefi-
cial effects on balance, gait, and function in people with PD
[15, 16]. The alternative forms of physical training that
could retard balance deficits and prolong individual inde-
pendence have recently gained more attention in research
[17-20]. Aquatic training is currently used as a treatment
method for people with PD [21, 22]. Emerging anecdotal
results have indicated that this modality has beneficial
effects on balance and an individual’s ability to complete
exercise activities when used in conjunction with existing
land-based exercises [22-24]. Aquatic training has previ-
ously been reported to be a useful treatment that improves
postural stability for a variety of health conditions [25-29].
There is still limited scientific evidence about the potential
benefits of aquatic training on the postural stability of
people with PD [22]. Laboratory-based parameters of bal-
ance, measured using a force plate, have gained less
attention than clinical outcome measures in studies of the
effects of aquatic therapy in people with PD. A thorough
search of the relevant literature yields no related study
which has reported the effects of aquatic therapy on pos-
tural sway of people with PD during standing. The purpose
of this study was to investigate the effects of aquatic
exercise on standing postural sway, as well as quality of
life in individuals with PD.

Method

Twenty males with PD volunteered in a randomized par-
allel-group controlled clinical trial. Participants were
initially assessed by a neurological specialist to check their
eligibility to take part in this study and then subsequently
referred to the study. The referred subjects were diagnosed
to be in stage II or III according to the “Hoehn and Yahr
Scale” [30] and scored 22.5 £ 7.9 according to UPDRS III
(Unified Parkinson’s Disease Rating Scale, Part III) at
screening [31]. All participants had been taking dopamin-
ergic medication (Levodopa) as a part of their therapeutic
program. Participants had a freezing gait pattern (but were
able to walk unaided) and had experienced at least one fall
in the last 6 months. They had no signs of dementia (Mini-
Mental Examination Scores more than 24) and gave
informed consent. Participants were excluded if they had a
history of fracture or have had orthopedic surgery within
the last year. Participants were allocated to one of two
groups: (1) water-based exercise group and (2) land-based
exercise group (Fig. 1) via random allocation. To ensure

@ Springer

both the comparison groups consisted of the same number
of Hohen and Yahr stage-matched participants (four people
were at stage II and six people at stage III), the random
allocation was determined by selecting a sealed envelope,
by the participant, from a bag. Medication dose in the two
groups was controlled. Each participant took about
50 £ 10 ml/h of oral levodopa and no participant had any
change in their medication during the study period. Ethical
approval was obtained from the University’s Research
Committee. The assessment sessions were carried out in
the University’s facilities and the exercise programs (in-
cluding both land and aquatic training) took place in a city
gym/pool complex. This study only included men, because
a male trainer was responsible for the participants’ exercise
therapy and the lack of gender compatibility is a cultural
concern, where this study was carried out. All participants
completed their exercise programs and testing procedures.

Evaluations

All evaluation sessions ran between 8 a.m. and 11 a.m. to
control the possible confounding effects of PD symptoms
on the study outcomes. All participants were instructed not
to take the anti-PD medications during the 8-h period
before the evaluation sessions. The primary outcome
measure was posturographic evaluation. Each participants’
ability to keep balance was tested by measuring postural
sway, while bilaterally standing on a Kistler™ force plate
(Model: 9260AA6, Kistler instrument AG, Sweden), and
mounted in the floor of the gait laboratory. During postural
sway testing, the participants stood barefoot (feet were
placed shoulder width apart and were slightly externally
rotated) on the force platform, and they were unassisted
and were required to put their feet within a marked area.
Their arms were relaxed by their sides and they were
required to look straight forward at a reference cross
(X) that was placed 10 cm lower than their height on the
wall in front of them. The participants were asked to
maintain a quiet standing position for 90 s. The sampling
rate of the force plate was set at 100 Hz. Three trials were
recorded for each participant and averaged to produce a
representative value for their postural sway. The force plate
was calibrated and reset before each trial to remove the
offset signals. Between each repetition, the participants
were allowed to have a 2-min break to prevent fatigue.
The Parkinson’s Disease Quality-of-Life (PDQL) ques-
tionnaire was used to measure the participants’ quality of
life [32]. This self-administered instrument had 37 ques-
tions which were classified into four scales. The different
scales were: Parkinson’s disease symptoms (PS) with 14
questions, systematic symptoms (SS) with 7 questions,
emotional functioning (EF) with 9 questions, and social
functioning (SF) with 7 questions. The score for each scale



Sport Sci Health (2017) 13:341-348

343

[ Enrollment ]

Assessed for eligibility (n=27 )

Excluded (n=5)

+ Not meeting inclusion criteria (n=1)

+ Declined to participate because time
and accessibility constraints (n=4 )

Randomized (n=22)

!

A

—

Allocation | v

Allocated to aquatic exercise (n=11)
+ Received allocated intervention (n=11)
+ Did not receive allocated intervention (n=0)

Allocated to land exercise (n=11)

+ Received allocated intervention (n=10)

+ Did not receive allocated intervention (gave up to
attend a concurrnt medical assessments) (n=1)

~ [

Follow-Up ] v

Lost to follow-up (did not make the post-test for
time constraints) (n=1)
Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention give reasons () (n=0)

Analysis ] L 4

J

Analysed (n=10)
+ Excluded from analysis (n=0)

Fig. 1 Study flow chart

ranged from 1 to 5, designed as a Likert-scale question-
naire. A high score implied favourable quality-of-life
measurements. The original (English) questionnaire was
translated into Farsi (Persian language) and its validity (the
range of convergent validity: 0.42-0.8; discriminate
validity: 0.15-0.7) and reliability (Cronbach alpha: 0.95)
have been reported to be acceptable [33]. The Farsi version
of PDQL was used in this study.

Exercise program

Both land and water-based protocols consisted of a
24-session program. The program lasted 8 weeks (three
sessions per week) and was conducted under the supervi-
sion of an expert physical trainer. The aquatic program had
the same design as the land program in terms of session-
lengths and exercise manoeuvres. All sessions for both
comparison groups started with 10 to 15-min warm-up
phase specifically designed for each participant’s walking

Analysed (n=10)
+ Excluded from analysis (n=0)

ability. During warm-up, the participants in the aquatic
group were asked to walk across the pool, waist-deep, in
water that was 30 °C. The non-aquatic group walked across
a basketball court. After the warm-up period, a 40-min
exercise program (primary treatment exercise period) was
completed, which was tailored to each individual’s ability.
The treatment exercises included stepping forward and
backward, walking in a straight line, walking in alternating
directions, walking on tiptoes, walking on the heels of the
feet, passing a Swiss ball to the trainer (stood in front of
them), catching the ball (passed by the trainer), and
catching then passing the ball to and from alternate sides.
The last 5-min phase was a cooling-down period that
consisted of gentle stretching exercises. This exercise
protocol was developed based on the guideline of the
American College of Sports Medicine (ACSM) for physi-
cal exercise of the elderly with chronic conditions [34]. As
recommended by ACSM, each exercise was initially star-
ted with two sets of ten repetitions for each manoeuvre [34]
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and was increased by approximately two repetitions,
depending on each participant’s tolerance, every 2 weeks
until 20 repetitions was achieved. Progression began
mostly in the second and third weeks when participants
found the task less difficult in the determined level of
repetition and velocity.

Data processing

The CoP signals were passed through a second-degree
curve filter with a 10 Hz cut-off frequency (Qualysis®
software, Qualysis Inc., Sweden). The first and last 15 s of
each trial were cropped (remaining 60 s). This was to limit
the effect of possible adjustments, and the participant
might have carried out to find a comfortable position over
the force plate at the beginning of tests or when antici-
pating the end of recording time. The acquired CoP time
series had two components, anteroposterior (AP) and
mediolateral (ML) in a coordinated system. The 2D
resulting distance (RD) was calculated from these two
point measures as follows:

RD = 1/ (AP)* + (ML)*.

The range and mean velocity of CoP were computed
using Microsoft Excel. The CoP-based parameters of body
sway were:

The sway range (R) was the maximum distance between
two points of the CoP path [35]:

R = COP(max> — Cop(min)-
Mean velocity (V) was the average velocity that CoP

moves and is calculated by dividing total excursion of the
CoP by the recording time [35]:

D P \/(APn +1—APn)> 4+ (MLn + 1 — MLn)*
V= .
T

Sway area (SA) was the area covered by CoP excursion
per unit of time [36]:

N-1

SW = %;(MLM +1) x AP(n) — ML(n) x AP (n+ 1)|.

Mean frequency (F) was the frequency of the CoP tra-
jectory if it had travelled in a circle with the radius of mean
distance [36]:

%
2y N VAP + MLi?
In these equations, T stands for trial duration, » is data

points to be calculated, and N is the total number of data
points.

F:
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Statistical analysis

Two separate one-way between-group analyses of covari-
ance (ANCOVA) were conducted to compare the
effectiveness of aquatic and land-based exercises on pos-
tural sway and QoL outcomes. The independent variable
was the type of exercise (aquatic- and land-based) and the
dependant variables consisted of postural sway and QoL
parameters recorded after the exercise protocols were
completed. The participants’ baseline measures of postural
sway and QoL were used as the covariant in these statis-
tical analyses. Preliminary statistics were conducted to
check that there was no violation of the assumption of
normality, linearity, homogeneity of variances, homo-
geneity of regression slopes, and reliable measurement of
covariate. Upon demonstration of a significant difference
between two intervention groups on post-intervention
parameters, post hoc tests were conducted to identify the
source of any significant difference between- or within-
group comparisons. Between-group differences were ana-
lyzed using independent and paired ¢ tests. The paired ¢ test
was used to compare pre- and post-intervention results
within each group. Statistical analyses were carried out
using the Statistical Package for the Social Sciences
(SPSS) version 16 software. The level of significance was
set at 0.05 for all tests.

A power analysis was performed using the G.Power
software (V.3.1, Heinrich Heine, University of Dusseldorf,
Germany) to check the impact of a small sample size on the
results. The CoP velocity of the post-intervention session
was selected for this analysis, because this parameter has
been reported as the best representative parameters of CoP
that has a high correlation with clinical balance perfor-
mance [37]. The calculated power of this study was 0.65.
Fifteen participants in each group should be recruited to
obtain the acceptable power at the 0.8. In this calculation,
the adjusted level of alpha (0.15) was used as advised for
the studies with a small group size [38].

Results

Twenty-two participants initially volunteered and 20 people
completed the interventions (see Fig. 1 for dropouts) after
attending over 80% of the sessions. None of the people that
completed the trial had taken part in other exercise activities
while involved in the study. The participants in the aquatic
group were 60.5 £ 5.44 years, 72.55 £ 3.07 kg, and
168.1 &+ 4.7 cm and those in the land group were
63.2 £ 4.94 years, 71.25 £ 28.6 kg, and 165.7 £ 4.07 cm.
The ¢ test showed no significant difference for these param-
eters between the two groups (p > 0.05).
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ANCOVA analyses showed significant differences
between two exercise groups on the post-intervention mea-
sures of: the mean velocity of CoP excursion [F (1, 17) = 8.02
p = 0.01, ;72 = 0.32] and PDQL scores [F(1, 17) = 155.2,
p <0.001, 7> = 0.9]. The results indicated that the two groups
were similar at baseline (pre-intervention) parameters
(p > 0.05). Within-group comparisons (paired # test) showed
some significant changes in postural sway and QoL parame-
ters after the exercises. The aquatic group showed significant
improvements in mean velocity [p <0.01; 95% CI (3.3, 9.8)],
sway area [p < 0.01; 95% CI (5.6, 16.6)], and mean frequency
[p <0.01; 95% CI (0.05, 0.17)] of the CoP in the post-inter-
vention session. Both groups showed improved sway range
[land: p = 0.03; 95% CI (1.87, 23); aquatic: p = 0.05; 95% CI
(—0.61, 43.3)]. In post-intervention results, the mean velocity
of postural sway and PDQL score (including all the sub-di-
visions but the EF) were significantly different between
aquatic and land groups (details in Tables 1, 2). The aquatic
group showed a higher improvement in mean velocity of CoP
[p=0.01;95% CI (-5.2,—0.66)] and PDQL scores [p <0.001;
95% CI (8.1, 16.7)].

Discussion
The results of this study showed that a program consisting

of thrice-weekly exercise therapy, for 8 weeks, improved
the postural sway and QoL parameters in people with mild-

to-moderate PD. Water-based exercise was more effective
in improving the postural control and QoL parameters
when compared with the same exercise protocol performed
on land. The results of this study were in agreement with
previous research [22, 23, 39-41], which showed that
water-based exercise has a better improvement of balance
in people with PD compared to that of land-based exercise.
Previous research has mainly measured the effects of
physical activity “subjectivity” through clinical assessment
tools; this study assessed such an effect “objectivity” using
instrumented measurements.

People with PD have less body sway in standing and
reduced limit of stability in dynamic tasks and higher risk
of falling [11, 12]. The reduction of falling after training is
reported to be associated with the increased area and range
of body sway in those with PD [12]. The increased range
and area of CoP excursion could, therefore, be interpreted
as improved balance in the participants. The CoP param-
eters used in this study are commonly used outcomes and
have been shown to have a good association with the
clinical parameters of balance [42, 43]. The velocity of
CoP excursion is reported to be the most sensitive
parameter to predict the risk of falls and balance perfor-
mance in clinical evaluations [37, 42]. The reduction in
mean velocity of CoP excursion suggests that training
improves postural control [42]. As reported in previous
research, the average value of the mean velocity of CoP is
about 20 mm/s in people with PD, 13 mm/s in healthy

Table 1 Results of between-group (B.G) and within-group (W.G) comparisons for CoP parameters characterizing postural stability in aquatic

and land-based groups

CoP measure Group Pre-test (M £ SD)  Post-test (M & SD)  W.G comparison Factor evaluation
p (95% CI)
Sway range (mm) Aquatic 45.77 £ 10.61 67.12 + 28 0.055 (—6.1, 43.3) Fi17 =023; p = 0.63;
Land 46.24 + 25.16 58.69 + 29.34 0.03* (1.7, 23) 7 = 0.01
B.G comparison  0.96 (—19.2, 18.3) 0.52 (-18.5, 35.4) -
p (95% CI)
Mean velocity (mm/s)  Aquatic 19.65 + 4.99 13.11 £ 1.6 0.001* (3.3, 9.8) Fi17 = 8.02; p = 0.011%;
Land 18.94 & 4.73 16.05 & 3.03 0.1 (0.7, 6.5) =032
B.G comparison  0.74 (-3.8, 5.2) 0.01* (-5.2, —0.66)  —
p (95% CI)
Sway area (mm?/s) Aquatic 12.98 + 4.3 24.09 + 1031 0.001% (2.4, 5.6) Fy 17 = 15.06; p = 0.001%;
Land 2137 + 1327 19.6 + 9.77 0.38 (6.1, 2.5) =047
B.G comparison  0.07 (-5.2, 0.66) 0.33 (4.9, 13.9) -
p (95% CI)
Mean frequency (Hz)  Agquatic 0.38 £ 0.09 0.27 £+ 0.11 0.003* (0.03, 0.05)  Fy 7 = 0.85; p = 0.37;
Land 0.32 + 0.07 0.3 & 0.85 0.5 (~0.06, 0.12) 7 = 0.05
B.G comparison  0.15 (-0.02, 0.13)  0.59 (-0.18, 0.9) -
» (95% CI)

The table also represents the effect of fixed-factor (group) evaluation along the whole comparisons (* indicates significant difference; #° stands
for partial eta squared; C/ means confident interval)
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Table 2 Results of between-group (B.G) and within-group (W.G) comparisons for values of Parkinson’s disease Quality of Life (PDQL) in

aquatic and land-based groups

PDQL score Group Pre-test Post-test W.G comparison Factor evaluation
M £ SD) M + SD) p (95% CI)
Parkinson symptoms (range Aquatic 449 + 251 53.8 £ 3.08 <0.001* (-9.6, —8.2) Fi17 = 208.9; p < 0.001%;
2
14-70) Land 4374263  46.6 + 236 <0.001% (=3.4, —2.4) n- =092
B.G 0.31(-1.2,3.6) <0.001* (4.6, -
comparison 9.8)
p (95% CI)
Systematic symptoms (range  Aquatic 223 + 1.83 272 £1.93 <0.001* (=5.7, —4) F, 17 =36.23; p < 0.001%;
2
7-35) Land 211+ 1.85 234+ 1.77 <0.001% (2.8, —1.8) 1" = 0.68
B.G 0.16 (-5.2,2.9) <0.001* (2, -
comparison 54)
p (95% CI)
Emotional functioning (range = Aquatic 278 + 14 31.5 £ 1.58 <0.001* (4.2, -3.2) Fi117 =637, p=0.2;
2
7-35) Land 29.1+ 1.6 31.9 4+ 2.02 <0.001%* (-3.4, —2.1) n- =027
B.G 0.07 (2.7, 0.63 (0.26, 3.3) -
comparison 0.11)
p (95% CI)
Social functioning (range 9—  Aquatic 249 + 1.8 279 £ 1.5 <0.001* (-3.5, -2.5) Fi, 17 =9.26; p <0.01%;
2
45) Land 239+ 1.8 26.1 + 1.7 <0.001%* (-2.8, —1.6) n” =035
B.G 0.23 (-0.7,2.7)  0.02* (0.26, -
comparison 3.3)
p (95% CI)
Total score (range 37-185) Aquatic 119.9 £ 42 1404 + 4.6 <0.001* (=22, —19) Fi17 = 155.2; p < 0.001%;
2
Land 117.8 £ 4.6 128 + 4.4 <0.001* (-11.2, -9.2) n- =09
B.G 0.3 (-2, 6.2) <0.001* -
comparison (8.1,16.6)
p (95% CI)

The table also represents the effect of fixed-factor (group) evaluation along the whole comparisons (* indicates significant difference; #° stands

for partial eta squared)

aged-matched (older), and 10 mm/s in healthy young
people [44]. Comparison of the data recorded can help us
to recognize that training can improve outcomes towards
normative values of healthy people.

The reduced QoL in people with PD is associated with
deterioration in physical activity [45]. The participants’
improvement in QOL in both exercise groups was signifi-
cant. The improvement in QoL shown in this trial indicates
that the rehabilitation program is a useful method of
improving the participants’ physical capabilities. Aquatic
exercise showed a better improvement of QoL scores than
land-based exercise. Considering that many people with
PD do not have access to a pool for aquatic therapy; land-
based exercise can still be beneficial.

Water-based exercise or aquatic training uses the unique
properties of water, such as hydrostatic pressure, to facil-
itate functional mobility and reduce muscular fatigue
during exercise [23, 46]. Efforts were made to control the
intensity of protocol throughout both groups; however,
participants showed different progressing rates, because
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their physical fitness were varied at baseline. To ensure that
inhibiting conditions of postural stability were addressed
by the exercise protocol, a specific therapeutic training was
tailored for each participant [47]. Bradykinesia, muscle
weakness, and poor motor control were identified as the
causes of postural instability and were, therefore, the focus
for the training exercises [2]. The applied training included
stepping forward (heel-to-toe exercise) and backward (toe-
to-heel exercise) to promote ankle sway and the strength-
ening of the leg muscles that stabilize the ankle.
Alternating the direction of walking was a self-induced
perturbation to compensate for a shift in the line of gravity,
towards the marginal limits of the base of support. The
external perturbation (passing and catching the Swiss ball)
and the rotational movements were to enhance the control
of hip and trunk muscles taking part in the hip strategy
movement. These inherent aspects of exercise may have
led to improved postural sway, in this study. Although the
current findings imply that exercise would be effective in
the improvement of postural control, the underlying
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mechanisms of the therapeutic effects on the motor control
system were out of the scope of this study and warrant
further investigation.

Study limitations

All the participants had continuous contact with a neuro-
logical specialist. This specialist may have used an updated
therapy that aided the improvement in physical condition.
However, recruitment in this way was necessary to ensure
that the condition was correctly diagnosed and specialist care
was essential to ensure that the condition was not worsened
due to neglect. This study only included men; therefore,
these results could not be generalized to women. This study
also has some other limitations that restrict the generaliz-
ability of the findings in the following ways. First, due to the
small sample size, the reported results should be considered
as a preliminary finding of an exploratory study. Second, this
was not a blind study, since the participants were aware of
interventions they received. The participants may have had
positive expectations about the benefits of exercise. As a
result, individuals who participated in the exercise environ-
ment that was new to them (in the water) may have had
higher expectations compared with those participating in the
more conventional method (the exercise on the land). Third,
the non-exercised condition was not included; therefore, the
net benefit of each exercise method could not be determined;
however, since exercise is known to improve the PD con-
dition, it is arguably unethical to force an individual to not
exercise at all. Finally, the follow-up evaluation is missing,
which would have investigated how long the effects of the
intervention would have lasted. This major limitation could
affect the clinical importance of the results.

Conclusion

Findings suggested that aquatic training is a promising
therapeutic intervention to improve the postural stability
and perception of QoL of males with moderate stage PD
who had a history of falling. Further studies with a long-
term monitoring period are needed to check whether these
improvements persist over time.
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