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ABSTRACT

الأهداف: تحديد آثار تدريب التكامل الحسي الحركي على التحكم 
الوضعي لدى مرضى باركنسون.

الطريقة: تم إجراء هذه التجربة الاستقصائية العشوائية ذات الشواهد 
منذ  الدراسة  هذه  إجراء  تم  تركيا(.  )أنقرة،  هاجيتيب  جامعة  في 
أغسطس 2012م وحتى مارس 2015م، وشملت 24 حالة من مرضى 
باركنسون من المراحل 2–3 وفقاً لمعيار هوهين ويار المعدّل. وتم تقسيم 
تلقّت مجموعة  والدراسة(. حيث  إلى مجموعتين )المراقبة  المرضى 
المراقبة العلاج الفيزيائي التقليدي، في حين تلقّت مجموعة الدراسة 
الفيزيائي  العلاج  إلى  بالإضافة  الحركي  الحسي  التكامل  تدريب 
لمدة  الأسبوع  في  مرتين  العلاج  تلقتا  المجموعتين  كلا  التقليدي. 
السريرية  التوازن  فحوص  باستخدام  المرضى  بتقييم  قمنا  أسابيع.   6
وفقاً  التقييمات  أُجريت  المحوسب.  الديناميكي  الوضعية  واختبار 

للتقديرات الأساسية )7 أسابيع(، والمتابعة لمدة 12 أسبوعاً.

المحوسب  الديناميكي  الوضعية  اختبار  قيم  كانت  النتائج: 
النظام  المركّب، ودرجات  والتوازن  والسادسة،  الخامسة  )الوضعيات 
وتم  المراقبة.  مجموعة  من  الدراسة  مجموعة  لدى  أعلى  الدهليزي( 
التي أجريت على مدى  المتابعة  أثناء  التحسينات  الحفاظ على هذه 

.)p<0.05( 12 أسبوعاً باستثناء درجات الوضعيات السادسة

الخاتمة: يُساهم تدريب التكامل الحسي الحركي مرفقاً بنهج العلاج 
النظام  تحسين  طريق  عن  الوضعي  التحكّم  تحسين  في  الفيزيائي 
الدهليزي لدى مرضى باركنسون وذلك بتحسين العمليات الحسية.

Objectives: To determine the effects of sensorimotor 
integration training on postural control in Parkinson’s 
disease.

Methods: This prospective, randomized controlled 
trial was conducted at Hacettepe University (Ankara, 
Turkey). The study was carried out from August 
2012 until March 2015 and included 24 Parkinson’s 
patients with stage 2–3 according to the Modified 
Hoehn&Yahr Rating Scale. The patients were divided 
into 2 groups (control and study). The control group 
received conventional physiotherapy; the study group 
received sensorimotor integration training combined 
with conventional physiotherapy, 2 times per week for 
6 weeks. We assessed the patients with clinical balance

tests and computerized dynamic posturography. 
Assessments were performed at baseline, 7- and 
12-weeks follow-up.

Results: Computerized dynamic posturography 
posturography values (5th and 6th positions, 
composite balance, and vestibular system scores) were 
higher in the study group than in the control group. 
The improvements were maintained at the 12-week 
follow up except 6th positions scores (p<0.05).

Conclusions: Sensorimotor integration training 
combined with conventional physiotherapy approach 
ameliorated postural control by improving vestibular 
system in patients with Parkinson’s disease by 
improving sensory processes.
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Postural instability is a symptom of Parkinson’s 
disease (PD) that causes severe disability.1 It 

involves a loss of postural control. The pathophysiology 
of postural instability in PD is complex and multi-
factorial. Poor and slow anticipatory postural responses, 
inadequately organized automatic postural reactions, 
defective somatosensory integration and modulation of 
afferent sensory information, orthostatic hypotension, 
age-related sensory and postural changes, rigidity, 
and other Parkinsonian signs can occur in postural 
instability, resulting in an increase in its severity.2-3 
Postural instability is poorly responsive to medications 
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containing L-dopa. Therefore, other therapies, such 
as physiotherapy, have come into prominence.4 Many 
different modes of physiotherapy intervention can 
be used to decrease postural instability. This includes 
classical balance training, external cueing training, and 
movement strategy training.5 The most commonly 
used treatment is balance training.3,6 However, the 
pathophysiology of postural instability suggests that the 
therapeutic program for postural instability should be 
complex and multifaceted.

The sensory integration training approach was 
devised by Jean Ayres to “take in, interpret, and integrate 
the spatial temporal aspect of sensory information from 
the body and the environment to plan and produce 
organized motor behaviors”.7 The approach usually used 
in children emphasizes the use of sensory and perceptual 
components to produce motor responses.8-9 The multi-
sensory aspect of this approach could contribute to a 
decrease in postural instability in PD patients when 
considering the pathophysiology of postural instability. 
Sensorimotor integration training (SMIT) was created 
to keep in mind the principles of sensory integration 
training and the mechanisms of postural instability in 
PD. A pioneering study that we previously completed 
with fewer participants and no follow-up results has 
shown that SMIT has improved some parameters in 
Parkinson’s patients.10 Therefore, we planned this study 
was to investigate the short and long time effects of 
SMIT on postural instability in PD patients.

Methods. Patients. This randomized controlled 
trial was conducted at Hacettepe University (Ankara, 
Turkey). The study was carried out from August 2012 
to March 2015, and it was approved by the local ethical 
committee of Hacettepe University (FON 12/26-5). 
The study was according to principles of Helsinki 
Declaration.

The inclusion criteria were as follows: patients 
diagnosed by a neurologist with idiopathic PD, scores 
of between 2 and 3 on the Hoehn Yahr Staging Scale 
(HYSS) and at least 26 points on the mini mental test,11 
ages of at least 50, no other neurologic diseases, and 
no changes in medications (levodopa/carbidopa and 
standard-release dopamine agonists) or dosages during 
the course of treatment. Patients with severe mental or 
psychological disorders were excluded.12 Additionally, 

patients who had participated in a physiotherapy 
program within the last 6 months were excluded.

Patients who had read and signed informed consent 
forms were randomly divided into study and control 
groups using a computerized random number table. 
Baseline assessments were made one week prior to 
training, and second measurements were obtained 
during the first week after the end of the 6-week 
training period. Follow-up measurements were carried 
out 6 weeks after the last session (at the 12th week). 
After the 6-week training period, all patients were asked 
to continue their normal daily activities and home 
exercises until their assessment at the 12th week. The 
evaluations were made during the “on” period.

Measurements. Clinical Measurements. The Unified 
Parkinson’s Disease Rating Scale (UPDRS) provides 
information about the severity of the disease and uses a 
point-scoring system ranging between 0 and 4 for each 
section.13 In our study, we used the sections assessing 
motor and daily life activities.

The Timed Up and Go Test (TUG) is one of 
the functional tests used to evaluate the dynamic 
components of balance.14 We repeated the test 3 times 
and used the mean values of the measurements. The 
Functional Reach Test (FRT) measures a person’s ability 
to maintain an upright position while being subjected 
to perturbations. It yields information about proactive 
and adaptive postural control.15 The Berg Balance Scale 
(BBS) is a functional scale assessing static and dynamic 
postural control associated with 14 different activities.16

Laboratory measurements. Computerized Dynamic 
Posturography (CDP) (Neurocom Smart Balance 
Master Systems, USA) is valid and reliable for measuring 
postural control, providing objective information. The 
system consists of a movable support surface within 
a movable surrounding (enclosure) consisting of an 
overhead support bar with a patient harness to prevent 
individuals from falling. The CDP includes many 
different tests, such as the Sensory Organization Test 
(SOT) and the Adaptation Test and Motor Control Test. 
The SOT protocol includes 6 different test positions in 
which the proprioceptive, visual, and vestibular systems 
are assessed.17 The data calculation for the SOT includes 
the composite balance score (CBS) and an analysis of 
sense. Sensory analyses detect functional losses in sense 
perceptions and/or abnormal sense priority. 

Interventions. Individuals in the control group 
received a classic 6-week physiotherapy program with 
1-hour sessions 2 a week. The individuals in the study 
group received 30-minute SMIT in addition to the 
classic physiotherapy program during the same session 
2 a week in the first 6 weeks. 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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Classic physiotherapy program. This program 
was individually tailored and included flexibility, 
strengthening, posture, breathing balance, walking 
exercises, and other functional activities. Balance 
training was one of the most important components 
of this program, and the balance training protocol 
described in Cattaneo et al.18 was performed in this 
study. The training programs progressed and intensified 
each week, depending on the individual’s performance, 
tolerance, and needs.

Sensorimotor integration training. We stimulated 
the patients’ proprioceptive, visual, and vestibular 
systems using appropriate methods. Considering the 
visual dependency of PD patients,19 exposure to visual 
stimuli was initially preferred. In the early stages of 
training, visual stimuli were chosen as the first sensory 
cue to improve balance via enhancing the body image, 
practicing regular and coordinated movements, or 
achieving postural changes required for movement and 
postural regulation. The training program was then 
redesigned to predominantly stimulate the most affected 
systems according to the results of the sensory analysis 
derived from the SOT. Visual stimuli were reduced, 
and the sensor motor integration training focused on 
using the other 2 sensory systems. When the intended 
responses were achieved for each system, the training was 

continued by combining the senses to enable modulation 
and a combination of sensory information in the higher 
brain. Furthermore, the exercises were redesigned to 
include the motor components of postural control and 
to improve sensory-motor-perceptual integration. To 
achieve this, we created a special “walking trail.” During 
patient training on this trail, principles associated with 
motor imaginary, body awareness, and auditory cues 
were used. Patients were encouraged to make decisions, 
adjust postural preparations, and decrease mistakes on 
the walking trail. These challenges became progressively 
more difficult as patients’ performance improved10 
(Table 1). 

Statistical analysis. We selected a p-value of 0.05 
for statistical significance. Statistical analysis was 
performed by the IBM SPSS Statistics for Windows 
version 17.0 (SPSS Inc, Chicago, IL, USA). Physical 
characteristics were assessed using the chi-squared test 
for gender and the Mann-Whitney U test for age and 
disease status. We used the Wilcoxon Signed Rank Test 
for intragroup comparisons and the Mann-Whitney 
U test for inter-group comparisons. The pre-therapy 
values were subtracted from the post-therapy values 
and follow-up values to calculate differences, which 
were then used for intergroup comparisons using the 
Friedman test to determine whether there were any 

Table 1 - Sensorimotor integration training program.

Visual training Posture exercises in front of a mirror
Locating the body parts according to the straight line that is drawn on the mirror
Training in terms of balance and strategy in front of the mirror
Following a stable object with one’s eyes while walking to avoid collapsing of the body 

Somatosensorial training Soft tissue mobilization on the sole
Mobilization of big and small joints forming the foot complex 
Cervical mobilization with the aim of stimulating type 1 proprioceptors in neck
Using a small device which vibrates when individuals increase their kyphosis
Bandaging with a non-elastic bandage in the shape of 8 whose midpoint is on the apex of the kyphosis on the back and stretching 
with the bandage towards a belt on the waist to set the back in the correct position. (moving towards elastic bands from non-
elastic bands)
Kinesiotape application to the trunk extensors and the quadriceps femoris muscle 
Balance education on hard ground and on an uneven ground
Using weights  for walking education

Vestibular training Anteroposterior and mediolateral rhythmic weight shift in the sitting and standing position

Exercises with ball:

Moving the ball forwards and backwards while sitting on the ball
Similarly, stimulating the otolith organ by little, slight, up and down jumps while sitting on the ball
Following with the eye the reference point located half a meter away from to develop vestibulo-ocular activities
Stimulating vestibular system by activities like jumping on mini trampoline and education on balance board in sitting position

Sensory motor 
perceptual integration 
activities

The walking trail including different surfaces (hard and soft), objects placed close to each other and different height barrier 
was designed. Initially, the environment containing less objects and different surfaces was created. Firstly, auditory cues were 
provided to encourage patients to complete the lap. Then the trail was changed to be difficult to walk. Individuals were asked to 
complete the trail according to the route. Walking time was determined with a stopwatch. When the time was getting shorter, 
route or surface changes were made. Dual activities (mental and motor) were added in later times.
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differences among the pre-therapy, post-therapy, and 
follow-up datasets. In cases where there was a difference, 
the Wilcoxon Test was used to determine which values 
were most significantly different. For both groups, we 
calculated Cohen’s d values for posturography (effect 
size) to determine the intragroup efficiency of the 
therapy. The efficiency of the therapy was accepted to be 
high if Cohen’s d value was equal to or larger than 0.8. 
Meanwhile, the efficacy was assumed to be of medium 
strength if Cohen’s d value was between 0.5 and 0.8.20 
The confidence interval was calculated for all disease 
severities and postural control values. 

Results. We evaluated 34 patients with PD. Of 
these, 30 were initially enrolled, but six did not complete 
the study. The remaining 24 patients who completed 
the 6-week training period were assessed. Ten patients 
dropped out for various reasons during the follow-up 
period, and 15 patients were eventually assessed at the 

Figure 1 -	Participant flow diagram for participant inclusion, allocation, follow-up, and analysis.

12th week (Figure 1). The demographic and clinical 
characteristics of the patients are shown in Table 2. 

Treatment Results. The UPDRS values (motor 
p=0.930, activities of daily living (ADL) p=0.113, and 
total p=0.297) of both groups were similar.

According to the clinical balance tests (FRT p=0.024, 
BBS p=0.027, and TUG p=0.027), the patients in the 
study group showed more improvements after treatment. 
The SOT values (fifth p=0.005 and sixth positions 
p=0.001, CBS p=0.0001, and vestibular system scores 
p=0.001) of the study group were significantly higher 
than those of the control group (Table 3).

Follow-up results. The study group showed 
improvements in all clinical balance tests, while the 
control group demonstrated significant improvements 
in only the motor-UPDRS and FRT values. When 
we compared the 2 groups, the BBS (p=0.037) and 
TUG (p=0.002) were higher for patients in the study 
group, while the 2 groups were similar with respect to 
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the UPDRS (motor: p=0.861, ADL: p=0.352, total: 
p=0.352) and FRT (p=0.115) scores.

According to the SOT values, the changes in the 
fifth and sixth positions, CBS, and vestibular system 
scores of the study group were unchanged. The control 
group’s values remained unaltered. When we compared 
the 2 groups, the fifth position p=0.027, composite 
balance p=0.042, and vestibular system scores p=0.048 
were higher in the study group (Table 3). 

Discussion. The most important result from this 
study was that, in addition to classical physiotherapy, 
SMIT improved the patients’ postural control by 
increasing their utilization capacity for vestibular 
information. The literature shows different results 
regarding the effects of balance training on the UPDRS 
score. Marchese et al21 found improvements in this 
scale after cued-balance training, while Smania et al22 
reported that the UPDRS scores did not change despite 

improvements in a patient’s balance. In our study, the 
UPDRS scores improved in 2 groups, and the groups 
were similar by the end of the study at follow-up. 
The improvement in the 2 groups may be related to 
our comprehensive conventional training program. 
Furthermore, the UPDRS scores of the two groups 
may be similar because the UPDRS is less sensitive to 
relatively small changes in postural control.

In our study, postural control was assessed using 
clinical tests and the SOT. The TUG, BBS, and FRT 
include dynamic transition activities that make postural 
stability more challenging.23 Complex integration 
between different control mechanisms is required 
during these activities. TUG and BBS include many 
activities used in daily life. For patients, the “up from 
the chair” activity is the most time-consuming stage of 
the TUG, and their balance may be shifted backwards 
because they are unable to move their body forward as 
a result of insufficient displacement and speed. Thus, 
patients are not able to bear weight on their forefoot. 
Therefore, the FRT is a difficult test for PD patients. 
The BBS is a more comprehensive evaluation, although 
it includes similar activities as the TUG and FRT. The 
improvement in BBS following balance training has 
already been shown in previously published studies, 
which were methodologically different from our study. 
The TUG values improved less than those using the 
BBS, whereas the FRT values did not change at all 
according to various studies using standard balance 
training.23-25 These results suggest that standard balance 
training is insufficient for improving FRT values. In 
the present study, the BBS, TUG, and FRT scores 
improved in the study group relative to the control 
group. Similarly, SOT values in the study group 
improved more than in the control group. Studies in 
the literature have shown that the third, fourth, fifth, 
and sixth positions scores, in addition to the CBS, 
vestibular system, and visual system scores are lower in 
PD patients than in healthy individuals.26 In our study, 
we found improvements in the fifth and sixth position 
scores and the CBS and vestibular system scores. Some 
studies, which were methodologically different from 
this study in terms of the control groups, applications, 
and follow-up, reported similar SOT results as in our 
study.27-29 However, the improvement in SOT values in 
our study were clearly higher than the improvements in 
these other studies. 

Our results indicate that there were significant 
differences between the groups with respect to postural 
control. Sensory inputs intensively used in the study 
group may be one of the reasons for these differences. 
The use of vestibular inputs was an important part of the 

Table 2 - Demographic and clinical characteristics of the groups.

Characteristics Study Group Control Group P-value

Mean±SD n
Gender Female/Male 5/7 6/6 0.682β

Age 71.83±9.71 72.75±9.23 0.885+

H&Y stage 2.5/3 6/6 8/4 0.408β

Duration 6.83±3.78 6.91±5.07 0.704+

Mini Mental Test 28.92±1.17 29.25±1.22 0.383+

UPDRS Motor 20.41±7.30 21.66±8.10 0.728+

UPDRS ADL 13.25±6.92 12.58±4.68 0.772+

CDP-SOT
Position 5th 23.99±28.54 37.99±32.17 0.308+

Position 6th 11.64±23.39 39.1±31.09 0.038+

Composite 51.66±13.55 62.33±19.93 0.133+

CDP-Sensory
SOM 97.67±2.74 94.25±8.67 0.812+

VIS 65.00±28.56 70.42±28.60 0.488+

VEST 25.66±30.59 41.58±33.89 0.224+

PERF 86.08±16.23 89.50±28.39 0.080+

Clinical Balance Tests
BBS 40.91±7.91 42.17±12.26 0.488+

TUG 16.59±8.29 16.75±10.45 0.583+

FRT 12.96±3.21 14.41±6.19 0.623+

N - Number of subject, SD - standard deviation, H&Y Stage - Modified 
Hoehn & Yahr Scale, UPDRS - Unified Parkinson Disease Rating 
Scale, ADL - activities of daily living, β - Chi square test, + - Mann 

Whitney U test, CDP-SOT - Computerized dynamic posturography 
– Sensory Organization Test, CDP-Sensory - Computerized dynamic 
posturography – sensory analysis, SOM - Somatosensory system score, 

VEST - Vestibular system score, VIS - Visual system score, PREF - 
Visual preference score, BBS - Berg Balance Scale, TUG - Timed Up 

and Go Test, FRT - Functional Reach Test
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SMIT. The vestibular system provides information about 
head and neck movements and regulates them via the 
vestibulo-ocular, vestibulo-collic, and vestibulo-spinal 
reflexes.30-32 This system has important connections 
with the cerebellum, which modulates multiple sensory 
inputs and plays a fundamental role in postural control 
by managing vestibulo-spinal reflexes and contributing 
to motor learning, perception, postural control, and 
orientation.33,34 In the light of this, we believe that the 
SMIT may engage the vestibular system, cerebellum, 
and their downstream pathways. Training on the 
walking trail in the SMIT protocol appeared to be one 

of the most effective factors at play because this exercise 
included the use of various multisensory approaches, 
such as motor imagery, auditory cues, and multisystem 
integration. Sehm et al35 reported that there were gray 
matter changes in the cerebellum and parietal, premotor, 
and anterior cingulate cortexes after balance training, 
and their findings support our hypothesis regarding the 
cerebellum and its pathways. 

We expected an improvement in proprioceptive 
system position scores following SMIT. Instead, we only 
observed improvements in vestibular system scores, but 
no changes in proprioceptive system scores. Considering 

Table 3 - 	Disease severity and postural control values of groups.
 

Outcome 
measurement

Study group Control group Statistic

T1-T0
N1=12

T2-T0
N2=7

T1-T0
N1=12

T2-T0
Mean± SD 
Con. Int.

N2=8

PT1-T0 dcorr PT2-T0

Mean± SD CI (lower bound – upper bound)

UPDRS
MOTOR -4.75±3.67*

(-7.08) – ( -2.42)
-2.75 ±  4.97 *

(-8.93) – (-1.35)
-5.08±2.50*

(-67.7) – (-3.49) 
-5.37±4.65*

(-9.27) – (-1.48)
0.930 0.040 0.861

ADL -5.00±2.59*
(-6.64) – (-3.35)

-4.85 ± 3.71 *
(-8.29) – (-1.42)

-3.17±2.44*
(-1.61) – (-4.71) 

-2.75±4.97 
(-6.91) – (1.41)

0.113 -0.340 0.352

UPDRS Total -11.00±5.49*
(-14.49) – (-7.51)

-11.14 ± 4.98 *
(-15.75) – (-6.54)

-8.66±4.40*
(-11.46) – (-5.87)

-8.13±7.12*
(-14.08) – (-2.17)

0.297 -0.169 0.352

CDP-SOT
Position 5th 37.89±23.55*

22.92 – 52.85
29.91 ± 24.25 *

7.48 – 52.33
10.05±10.25*
3.54 – 16.56

5.75±15.42 
(-7.14) – (18.64)

0.005++ 1.001 0.027++

Position 6th 41.08±24.99*
25.20 – 56.96

41.57 ± 31.83 *
12.13 – 71.01

4.64±10.55 
(-2.06) – (11.34)

9.00±13.54 
(-2.32) – (20.32)

0.001++ 1.364 0.064

Composite 22.16±10.77*
15.31 – 29.01

17.43 ± 11.18 *
7.09 – 27.77

4.17±5.20*
0.86 – 7.47

4.63±12.94 
(-6.19) – (15.44)

0.0001++ 1.214 0.042++

CDP-Sensory
SOM -0.83±2.62

(-2.49) – (0.83)
-0.14±3.43 

(-3.32) – (3.04)
2.58±6.11 

(-1.30) – (6.46)
3.14±8.07 

(-4.32) – (10.61)
0.089 -0.531 0.330

VIS 12.83±24.92
(-3.00) – (28.67)

5.85±8.76 
(-2.25) – (13.96)

8.50±25.43 
(-7.46) – (24.65)

6.71±42.85 
(-32.98) – (46.35)

0.256 0.130 0.898

VEST 42.08±26.57*
25.20 – 58.96

32.71 ±25.85*
8.80 – 56.63

7.67±14.08 
(-1.28) – (16.61)

7.28±20.58 
(-11.76) – (26.33)

0.001++ 1.142 0.048++

PREF 6.75±15.77
(-3.27) – (16.77)

14.00±17.73 
(-2.41) – (30.41)

7.00±30.13 
(-12.15) – (26.15)

15.42±38.08 
(-19.80) – (50.65)

0.560 -0.456 0.480

Clinical balance test
BBS 10.42±8.48*

5.03 – 15.80
11.71±10.90*

1.63-21.80
4.25±4.31*
1.5 – 6.99

1.37±8.79 
(-5.98) – (8.73)

0.027++ 0.609 0.037++

TUG -4.74±2.01*
(-6.02) – (-3.47)

-4.80±2.34*
(-6.97) – (-2.64)

-2.36±2.17*
(-3.75) – (-0.98) 

-0.69±1.21 
(-1.71) – (0.32)

0.001++ -0.285 0.002++

FRT 6.43±3.00*
4.53 – 8.34

6.14±4.56*
1.92 – 10.36

3.52±2.59 *
1.87 – 5.16

2.62±3.34*
(-0.17) – (5.42)

0.024++ 0.600 0.115

N - Number of subject, SD - Standard deviation, CI - Confidence of interval 95%, T1-T0 - post–treatment values - (pre–treatment 
values), T2-T0 - follow up values - (pre–treatment values), dcorr - Cohen d correction, *p<0.05 according to Wilcoxon test, ++ - 

p<0.05 according to Mann Whitney U test, UPDRS - Unified Parkinson Disease Rating Scale, ADL - activities of daily living, CDP-
SOT - Computerized dynamic posturography–Sensory Organization Test, CDP-Sensory - Computerized dynamic posturography–

sensory analysis, SOM - Somatosensory system score, VEST - Vestibular system score, VIS - Visual system score, PREF - Visual 
preference score, BBS - Berg Balance Scale, TUG - Timed Up and Go Test, FRT - Functional Reach Test
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the complex sensory structure associated with postural 
control, changes in this structure might not be solely 
attributed to vestibular system enhancement. Due to the 
patients’ high baseline scores, we could not demonstrate 
proprioceptive improvement. Nevertheless, we think 
that using intensive proprioceptive information 
in sensory organization training might indirectly 
contribute to increased postural control.

Our 6-week follow-up assessments revealed that 
improvements in the BBS, TUG, fifth position, CBS, 
and vestibular system scores were maintained in the 
study group. These results suggest that the positive 
effects of the SMIT are maintained for long durations. 
This may mean that the compensatory effects of the 
cerebellum on postural stability can be maintained after 
a combination treatment.

Study limitations. Our study had some limitations, 
the most important of which was our small sample 
size. We calculated the power of our study (28%) using 
the CBS after analyses made by comparing the post-
therapy values of both groups. The intergroup effect 
size was 0.558. Each group should include 47 patients 
for 80% power with this effect size and a p-value 
of 0.05; however, it may be difficult to attain these 
numbers in clinical settings. On the condition that the 
effect size was calculated using the pre-treatment and 
post-treatment values (Cohen’s d correction: dcorr = 
dposttest – dpretest),36 the power of the study was 81%. 
The intragroup power of the experimental group was 
99%. Another limitation of our study was the small 
number of patients who attended the 12-week follow-up 
assessment. This made it difficult to draw conclusions 
about the maintained development rate. Therefore, 
further work is needed about efficacy of SMIT in PD.

In conclusion, combining a classical physiotherapy 
program with the SMIT may be a successful approach to 
treatments geared toward decreasing postural instability 
and improving balance in PD patients. The vestibular 
system responds rapidly to treatments in patients with 
PD. Interestingly, the cerebellum is relatively unaffected 
even though it plays a part in motor learning, which 
should be considered when planning physiotherapy 
programs.
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