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Abstract

Background: Parkinsonism is a progressive disorder of the nervous system for which only symptomatic treatment exists. Balance
dysfunction and postural instability observed in persons with Parkinson’s disease are important components of the disability.
Objectives: To investigate the effect of a selective 8-week Pilates exercises on the functional balance and falling risk in patients with
idiopathic Parkinson’s disease.

Methods: This randomized controlled trial included 30 patients with idiopathic Parkinson’s disease who were selected as subjects
non-randomly and purposely, and assigned into exercise groups or control group. Participants in exercise and control groups at-
tended an 8-week Pilate’s program or walking program respectively. Functional balance and falling risk was evaluated using Fuller-
ton balance scale (FAB) and timed up and go test (TUG), before and after interventions. In order to analyze the data paired samples
T-test and independent samples T-test and SPSS version 22 were used.

Results: Attending an eight-week Pilates exercise was associated with a significant improvement in functional balance and falling
risk (P = 0.001), while the difference of the functional balance and falling risk, before and after performing the protocol, in control
group was not significant (P = 0.364). Also the difference between the results of functional balance and falling risk scale scores of
two groups in post-test were significant (P=0.001).

Conclusions: Given that Pilate’s exercises involve both musculoskeletal system and nervous system, can be an effective intervention
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to improving balance and reducing falling risk, especially in people with postural control disabilities.

1. Background

Parkinson’s disease (PD) is a debilitating chronic
neurodegenerative disorder affecting the dopamine-
producing cells in the substantia nigra within the basal
ganglia resulting in motor dysfunction, which leads to
weakness, pain, and tightness, difficulty in walking, rising
from chairs, clumsy movements and a decline in physical
activity. It is the second most common neurological dis-
ease in the world that affects neurophysiologic function,
movement abilities, and quality of life (QOL) [1, 2]. Tremor,
bradykinesia, rigidity, balance dysfunction and postural
instability are the common incapacitating symptoms of
PD. Untreated balance dysfunction and postural insta-
bility and gait difficulty are highly associated with falls
in this population which in turn increases the chance of
developing comorbidity and disability by causing alter-
ations in postural control strategies during standing tasks
and when performing voluntary movements. Balance
dysfunction and postural instability are also associated
with a loss of equilibrium, sudden falls, progressive loss
of independence and immobility [1-5]. Among people with

PD, as many as 65% of fallers will experience an injury sec-
ondary to their falls, 33% will suffer a fracture and 75% of
falls will lead to use of a health care service. This results in
restriction of activities, compromising quality of life and
predisposing to secondary reductions in muscle strength
and cardiovascular fitness [6].

Regular physical exercises appear to afford therapeu-
tic benefits, increasing mobility and quality of life, in some
people living with PD [7]. The growth and popularity of
complementary physical therapies for PD attempt to fill
the gap left by exercise interventions, which does not al-
ways directly target wellbeing, enjoyment and social par-
ticipation [1, 7, 8]. There is mounting evidence that exer-
cise is beneficial for PD [9-11]. Exercise is an integral part of
the management of PD, because physical activity has been
shown to retard the deterioration of motor functions and
to prolong functional independence. Resistance-based ex-
ercises that address deficits in balance and strength have
shown positive effects. However, they require safety mon-
itoring and are equipment-dependent. Research on alter-
native forms of exercise that could improve balance, gait,
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and function in patients with PD is scarce [12-15]. On bal-
ance, alternative physical therapies are worthy of consid-
eration when selecting treatment options for people with
this common chronic disease [7].

Pilates has become a popular exercise modality that
combines strength and flexibility training and, with the
proposed benefits of improved muscular control of the
deeper abdominal muscles, may provide an effective
method of improving postural stability [16]. Pilates aims to
improve co-ordination and control of the core muscles of
the trunk, which contribute to the optimal lumbar-pelvic
stabilization needed for daily activities and function [17].
Pilatesis considered appropriate for all ages and fitness sta-
tus and has been used in multiple conditions, such as aged
related disabilities [18]. Previous studied demonstrated
that Pilates improved balance and reduced the number of
falls in older adults [17, 19, 20]. However, there is a lack of
studies with high methodological quality regarding the ef-
fects of Pilates especially in people with neurodegenerative
diseases. Pilates has been shown to improve balance in el-
derlyindividuals, butits impact on balance and falling risk
in idiopathic Parkinson’s disease (IPD) has not been evalu-
ated. Therefore the current study was planned to assess the
effects of an eight-week Pilates exercise program on bal-
ance and risk of falling in patients with IPD.

2. Methods

The present research is quasi-experimental, ap-
plied and randomized clinical trial in which the quasi-
experimental pretest-posttest design was used with a
control group. The research statistical population in-
cludes all patients with PD who referred to neurologists in
2016 in Guilan Province. After the necessary coordination,
all patients with Parkinson’s disease were examined by
neurologists in terms of eligibility for participating in
the research in order to select subjects. From among the
desired people, 32 patients with IPD were selected through
available targeted non-random method considering the
entry and exit criteria and given the person’s satisfaction
and they were randomly and consecutively divided into
two experimental and control groups. Referring to similar
studies and considering the sample size required for
experimental causal researches, the minimum size of each
group is 15 people. On the other hand, considering the
possibility of subjects’ withdrawal for any reason and for
preventing from disruption due to the possible loss of
subjects, the number of subjects was considered 16 people
for each group. It is worth mentioning that during the
research procedure, one person per group stopped con-
tinuing the research due to side effects of physical activity
(such as fatigue, muscle pain, cramp, and so on) and finally

the number of groups’ subjects reduced to 15 people. The
research entry criteria include having IPD at moderate
levels (levels II and III), age over 50 years old, passage of
at least 3 years after the disease diagnosis, lack of other
neurological diseases or any acute and chronic physical
or mental disorder, lack of cognitive disorders with the
approval of a specialist physician, the ability to stand
and walk independently, not using assistive devices for
keeping balance and walking, the history of balancing and
walking disorders due to PD, non-participation in sports
activities and or physiotherapy treatments influencing the
research process, and the ability to participate in practice
sessions regularly. The exit criteria include pain, limbs’
deformation and any disorder influencing the security of
practice program and or unwillingness to be present at
the research process. Before starting the research project,
during a briefing session, all subjects got familiar with the
environment of research and the method of study, and any
ambiguity was removed and any question was answered.
Considering the physical characteristics of patients with
PD and age group of these people, the environment of
research was completely immunized and selected near a
treatment center in order to have access to treatment mea-
sures in the shortest possible time in case of occurrence of
any possible problem. Then, all participants in this study
completed the consent form and personal information
questionnaire. After collecting demographic information
on age, gender, height, weight and familiarity of subjects
with the method of tests, variables under study including
balancing and falling risk indices were measured. It is
worth noting that all subjects in this study were under the
supervision of a neurologist and took medicine including
Levodopa, Madopar, Trifen and Bromocriptine which was
stable in dose and regularity of consumption and all
tests were conducted at least 2 hours after taking these
medicines.

2.1. Participants and Exercise Protocol

2.1.1. Characteristics of the Experimental Group

In the first exercise session, for the group taking Pilates
exercises, basic information about Pilates exercise and the
principles and method of taking exercise were provided by
Pilates trainer to subjects. The exercise program was done
three 1h sessions per week for 8 weeks. Each session was be-
gan with 10 minutes of warm-up exercises, continued with
45 minutes of taking 10 selected Pilates exercise (standing
side reach, bow and arrow, one leg stretch, oblique curl
up, knee fold scissors, knee opening, shoulder bridge, di-
amond press, prone leg pull, torpedo) with the purpose
of increasing the strength of body core muscles and lower
limb joints’ range of motion and finished with 5 minutes
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of cool down exercises. Before taking any exercise, its prin-
ciples were explained to subjects, including the method of
execution, keeping a desired body condition, trunk core
muscles contraction and correct breathing during exer-
cise. During exercises, there was adequate supervision for
patients and in case of expression of any unpleasant and
annoying feeling, including pain, dizziness, weakness or
palpitation, continuation of exercises is forbidden. Exer-
cises began with 6 - 8 replications and without any exer-
cise resistance given the abilities of subjects, and in the
process of implementing the protocol, the exercise volume
(replication and duration) was regularly increased during
8 weeks considering characteristics of each subject and Pi-
lates mini ball and Thera-Band were used for increasing the
strength [19, 21, 22].

2.1.2. Characteristics of the Control Group

Subjects in the control group were similar to those of
experimental one as much as possible and in addition to
taking daily physical activities, they started walking in the
duration similar to exercise group. Finally, after 8 weeks,
the exercise protocol relating to balancing and falling risk
was evaluated in both groups.

2.2. Patient Assessment

2.2.1. Fullerton Advanced Balance Scale (FAB)

Fullerton advanced balance scale (FAB) is a
performance-based measure that comprehensively ad-
dresses the multiple dimensions of balance. The scale was
specifically designed for use with independently function-
ing older adults. Performance on each of the 10 individual
test items is scored using a 5-point ordinal scale (0 - 4)
with a maximum score of 40 points possible. The total FAB
score was used as a predictor variable in this study. The FAB
scale is easy and quick to administer, can be conducted in
a relatively small area, and requires approximately 10 to
12 minutes completing [23-25]. The test requires relatively
inexpensive equipment to administer, including a stop-
watch, pencil, 12-inch ruler, 6-inch-high bench (length, 18
in (45.6 cm); width, 14 in (35.6 cm); height, 6 in (15.2 cm)),
masking tape, 2 foam pads (length, 18.5 in (47 cm); width,
15 in; height, 2.5 in (6.4 cm)), two 18 in lengths of nonslip
material, a yardstick, and a metronome. Individual items
on the FAB scale include static and dynamic balance activ-
ities performed in different sensory environments. The
10-item FAB scale involves the participant standing with
feet together and eyes closed (item 1), reaching forward
to retrieve an object (item 2), turning in a circle (item 3),
stepping up and over a bench (item 4), tandem walking
(item 5), standing on 1leg (item 6), standing on foam with
eyes closed (item 7), jumping for distance (item 8), walking
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with head turns (item 9), and recovering from an unex-
pected loss of balance (item 10). A full description of the
scale and its associated test administration instructions
is reported elsewhere [6, 7]. The FAB scale has shown high
test-retest reliability (0.96) as well as intra-(0.92-1.00) and
inter-rater reliability (0.91- 0.95) [23, 24].

2.2.2. Timed Up and Go Test (TUG)

Timed Up and Go test (TUG) is a simple test used to as-
sess a person’s mobility and requires both static and dy-
namic balance. It uses the time that a person takes to rise
from a chair, walk three meters, turn around, walk back to
the chair, and sit down [26]. To perform the TUG, partici-
pants started sitting in a chair with a back. From this po-
sition, they were instructed on the word “Go” to stand up,
walk out 3 meters from the chair, turn around, walk back
to the chair and sit down as quickly as they could safely
and without running. Performance was rated in seconds
and participants were timed from the moment the rater
said “Go” until they were seated again correctly in the chair
with their backresting on the back of the chair. Previous re-
search has established the reliability of this test as well as
its sensitivity to medication states in persons with PD [26,
27].

2.3. Data Analysis

After data collection, in order to study normal data dis-
tribution, Kolmogorov-Smirnov test was used. Data on sub-
jects’ characteristics, including age, height, weight and
other research variables were analyzed in two sections of
descriptive and inferential statistics by SPSS software, ver-
sion 22. For comparing the results obtained before and af-
ter the exercise intervention and also for comparing the
results obtained in two groups, paired-samples T-test and
independent-samples T-test were used respectively at the
significance level of P < 0.001.

3. Results

In this study, 30 patients with idiopathic Parkinson
with disease level II-II in two experimental and control
groups were investigated in terms of functional balance
and falling risk.

In Table 1, the frequency distribution for each of
the qualitative variables and descriptive characteristics of
quantitative variables were explained in experimental and
control groups.

The correlated T-test results in the experimental group
showed that scores of functional balance (P = 0.001) and
falling risk (P = 0.001) were significantly improved af-
ter participating in the selected Pilates exercise program
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Table 1. Participants’ Demographic Data (N=15)*

Variables Experimental Group Control Group
Age 57+ 6.24 58314737
Gender

Female 7 5

Male 8 10
Height, cm 164.67 1 8.49 164.94 + 8.83
Weight, kg 7178 £+ 5.78 73.40 % 8.50
PD Duration, y 7.27 £3.80 819 +3.14
HandY Score (Range1-5)

I 5 6

11T 10 9

Abbreviations: H and Y, Hahn and Yard; FAB, Fullerton Advanced Balance; TUG,
Timed Up and Go.
?Data are presented as mean =+ SD.

while no significant difference was observed in scores of
functional balance (P = 0.364) and falling risk (P = 0.816)
(Table 2).

The results of dependent T-test showed a significant
difference between the effects of the selected Pilates exer-
cise program and walking on the functional balance and
falling risk (P = 0.001) (Table 3).

4. Discussion

The present research was designed with the purpose of
studying the effect of one period of the selected Pilates ex-
ercise program on the functional balance and falling risk
among patients with Parkinson. Considering the results
obtained in the present research, it was observed that tak-
ing the selected Pilates exercises for 8 weeks is accompa-
nied by the significant improvement of functional balance
in patients (P = 0.001) while the difference observed in the
functional balance of control group who walked in a sim-
ilar duration was not significant (P = 0.364). In addition,
the difference evaluated between the score results of func-
tional balance scale in the posttest was significant between
two Pilates exercise and control groups (P=0.001). The pos-
tural instability was one of the most debilitating aspects of
Parkinson disease and could lead to the increase of falling
and reduction of mobility and functional capacity of pa-
tients. Patients with Parkinson suffer less stability range
and more postural sways compared to their peers and the
impaired postural control is significantly related to the in-
creased falling risk in these people [3]. Many studies claim
that taking regular exercises affects the improvement of
motor and non-motor symptoms in these people. Indices

of body posture control are importantaspects affecting the
independence maintenance and life quality among these
patients who significantly look for improvable exercise in-
terventions [5, 28, 29]. Different exercise interventions in-
cluding aerobic exercises, hydrotherapy, balance exercises
and walking could have significant treatment advantages
with the increase of functional capacity among patients
with Parkinson [7, 30]. There are different theories about
the effect of exercise program on the improvement of bal-
ance [31]. Considering results of researches conducted, it
was determined that exercises accompanied by resistance
and balance exercises affected the improvement of balance
disorders, especially in patients with mild and moderate
levels of Parkinson more than other exercises [8]. Since Pi-
lates exercises are a kind of resistance exercise in which the
body weight is imposed and the principle of overload is in
the form of replications increase and based on physiologi-
cal principles, skeletal muscles can be severely influenced
by these exercise [32]. The balance improvement resulted
from the effect of Pilates exercises can be studied based
on the theory of systems. According to the theory of sys-
tems, the ability of body control is the result of simultane-
ous and complex interaction between nervous, muscular
and skeletal systems (postural control system). In order to
control posture for maintaining balance and consequently
motion through the above systems, the combination of
sensory data (for determining the body condition in space)
and the ability of musculoskeletal system for imposing
proper force are necessary. In this model, the central ner-
vous system is studied using the information of visual,
vestibular and proprioceptive system (including joint po-
sition sense and environmental sense), the center of grav-
ity’s situation against the gravity and supporting surface
conditions, and a proper motor response is provided in the
form of pre-planned motor patterns. Therefore, referring
to the theory of systems and the effect of physical activity
on the improvement of each of these systems, Pilates exer-
cises can be accompanied by the improvement of balance
in patients with Parkinson who suffer balance disorders re-
sulted from functional decline in the central nervous sys-
tem [33, 34]. Furthermore, the improvement of balance as
the result of Pilates exercises is due to the improvement
of muscular power and mental factors (stress and anxiety)
in participants because the reduction of lower limb mus-
cle strength puts the center of gravity in front of the an-
kle joint leading to a disturbance in balance and falling.
On the other hand, improvement of muscular power can
lead to the dislocation of center of gravity to the ankle and
improve the balance. Therefore, it seems that Pilates exer-
cise method affects the modification of impaired balance
by focusing on the improvement of core muscular perfor-
mance and body axial stability through muscular nervous
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Table 2. Differences Between Pretests and posttests in Experimental and Control Group for FAB and TUG

Variables Groups Mean =+ SD Mean Difference T PValue df
E i tal Pre-test 7+£229
xperimenta -25.66 £ 3.67 -27.031 o0.001° 14
group
Post-test 32.67 £516
FAB
Pre-test 7.01+2.54
Control group -0.26 110 -939 0.364 14
Post-test 7.27£2.84
Experimental Pre-test | 17.60 & 6.09 )
ou 8.93 + 4.46 7.751 0.001 14
group Post-test 8.67 £ 2.55
TUG
Pre-test 17.27 £ 6.37
Control group -0.46 +7.60 -0.238 0.816 14
Post-test 17.73 £ 5.47
*Significant difference at the significance level of P < 0.001.
Table 3. Differences Between the Groups (Control vs. Experimental) for FAB and TUG
Variables Mean Difference T PValue df
FAB 25.40 152 16.692 o0.001° 28
TUG -0.96 +1.55 -5.816 0.001* 28

?Significant difference at the significance level of P < 0.001.

compatibilities [12, 16, 32, 35]. In this regard, according to
Kibar et al. (2015), the effect of 8 weeks of Pilates exercises
is accompanied by useful effects on the static and dynamic
balance and body central endurance among elderly people
while no significant relationship was found between the
body central endurance and balance [36]. It was concluded
by Kloubec (2010) that Pilates exercises were accompanied
by a significant improvement in the body core muscular
power in elderly people while they did not have any sig-
nificant effect on the balance and body condition [37]. In
the comparison of the effects of Pilate’s exercises and bal-
ance exercises on the unstable level and balance abilities
of elderly women, Hyun showed that both exercise meth-
ods significantly affected the improvement of static and
dynamic balance among elderly women and were accom-
panied by the increase of balance abilities in these people.
Nevertheless, considering the security of most Pilates exer-
cises, it seems that they are a more reliable method for im-
proving the balance capacity of elderly people [38]. Given
asignificant difference in the functional balance of people
who participated in Pilates exercise program compared to
the control group, it can be concluded that the selected Pi-
lates exercise program used in this research has an optimal
effectiveness in order to improve impaired balance among
patients with Parkinson and results of the presentresearch
are consistent with results of Bird et al. (2013), Campos de
Oliviera et al. (2015), Mesquita et al. (2015) and Jonson et al.
(2013) [16, 18, 20, 33,39].
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In addition, results of the present research showed
that taking the selected Pilates exercises for 8 weeks was
accompanied by a significant improvement in the reduc-
tion of danger among patients with Parkinson (P = 0.001)
while no significant difference was observed in terms of
falling risk in the control group (P = 0.816) and the differ-
ence in results relating to the anticipation of falling risk
in the posttest was significant between two groups (P =
0.001). Generally, patients with Parkinson are at risk two
times more than other peers. In these patients, compen-
satory steps for keeping balance during falling were 1.5
times shorter than the normal state and they need an effort
to achieve objects safely by keeping balance [40]. Many re-
searches show that physical exercises lead to the improve-
ment of control of situation and reduction of falling in pa-
tients with Parkinson [8, 31]. Research findings indicate
positive effects of exercise interventions on the improve-
ment of parametersrelating to balance and walking as well
asthereduction of falling among these patients. Results of
studies conducted in this area show the early effectiveness
of exercise on the improvement of balance components
while there is no study on the early effectiveness of exer-
cises on the reduction of falling in these people [11, 28]. In
aresearch by Sparrow et al. (2016), the effect of progressive
balance exercises and in a research by Allen etal. (2015), the
effect of combined walking, balance and strength exercises
on the reduction of falling, improvement of balance and
reduction of fear to fall were significantly positive [12, 15].
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In this regard, in a research with the purpose of determin-
ing the possible effect of exercise program on the improve-
ment of falling factors among patients with Parkinson, a
significant improvement in factors such as dynamic bal-
ance, muscular power and walking quality among these
people as the result of participating at strength and bal-
ance exercise programs was reported by Canning et al.
(2009)[6]. Muscular weakness, reduction of ankle irritabil-
ity and loss of muscle synergy mechanisms all have a role
in the falling. Therefore, implementation of the physical
readiness program is a proper strategy to avoid falling be-
cause it leads to the increase of muscular power, flexibility
and motion control. By providing exercise opportunities
and challenges for balance mechanisms, the physical activ-
ity improves them. In the meantime, Pilates is an exercise
program which encourages the use of thinking for control-
ling muscles. It emphasizes the ability of muscles condi-
tion for balancing the body and supporting the improve-
ment of vertebral column situation [29, 41]. Considering
the significant difference in the reduction of falling risk in
Pilates group compared to the control one, it can be con-
cluded that one period of exercise program based on Pi-
lates principles is accompanied by the reduction of falling
risk among patients with Parkinson and the results ob-
tained from this research are consistent with the results of
studies conducted by Irez et al. (2011), Josephs et al. (2016)
[17, 42-44]. The effect of Pilates exercises on the reduction
of falling risk through physical readiness factors includ-
ing balance, muscular power and flexibility among elderly
population was evaluated as a significant positive effect by
Barker et al. (2016) and Bird et al. [22, 45]. Pilates exercise
can lead to the improvement of balance and risk of factors
affecting the falling of elderly people. On the other hand,
some of the characteristics of a proper exercise program
in reducing the falling risk among elderly people include
strength during progressive exercises, specialty, proper in-
tensity, implementation at home or in group and involve-
ment of parameters affecting the body condition control,
including Pilates exercise method.

4.1. Conclusion

Based on the fact that Pilates exercises involve both
muscular and nervous systems of body, they can be use-
ful in treating impaired balance, especially in groups with
control of situation disorders. Therefore, this type of exer-
cise program can be suggested as a modality for such pa-
tients.

4.2. Limitations

Due to the limitation in the selection of subjects, the
present research was conducted on patients with Parkin-

son at age group of 50 years old and both males and fe-
males were present. Furthermore, due to the limitation
of patients’ cooperation in the implementation of project,
only patients with Parkinson levels II and III were selected
as subjects. Since it was impossible to accurately control
patients’ medicine and or stop taking medicine during
the research, subjects were entered into the study with the
supervision of neurologists and with more similarity in
terms of the intensity and duration of medicine.

4.3. Suggestions

It is suggested that in future studies with similar sub-
jects, not only the increase of sample size and gender seg-
regation of groups and duration of exercise interventions,
but also the effect of other exercise methods on the pa-
tients’ performance are studied in order to determine the
most effective protocols for improving other disorders in
any type of disease. In addition, researchers are suggested
to use patients with disease levels IIl and IV in future stud-
ies.
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