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ABSTRACT
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Introduction: Non-motor symptoms of Parkinson disease have significant effects on the
Article info: ¢ quality of life in this group of patients. Among these symptoms, dizziness is associated with the
. changes in Orthostatic Hypotension (OH). About 30% of people over 65 years have dizziness;
However, the exact mechanism of dizziness in these patients was not clear. Dizziness has
symptoms such as fainting, light headache, vertigo and imbalance. The present study is based
on the given fact that one of the reasons for dizziness in Parkinson patients is the disturbance
of balance systems. In addition, the vestibular system is one of the main elements involved
in normal balance. As, the role of vestibular system in Parkinson disease has been suggested
in previous studies. The main aim of current study is to investigate the effects of vestibular
exercises on the dizziness of Parkinson patients.
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Materials and Methods: Twenty-four patients participated in this study based on the inclusion
criteria and were randomly assigned into intervention and control groups. Dizziness Handicap
Inventory-Persian (DHI-P) was used for dizziness measurement. In addition, Berg Balance Scale
(BBS), Functional Reach (FR) and 2 Minutes Walking Test 2MWT) were used for measuring the
postural control before and after interventions. The intervention group performed the vestibular
exercises and the control group performed the conventional exercises (3 days a week for 60 minutes
and a total of 24 sessions).

Results: The total score of DHI-P showed a significant improvement in the intervention group
compared to the control group (P<0.001). Also, the BBS tests (P<0.001), FR (P<0.001), 2MWT
(P=0.001) showed a significant improvement in the intervention group.

Conclusion: Based on the results of this study, it could be suggested that vestibular exercises, as

Keywords: : none sophisticated, feasible, and low cost rehabilitation—protocol has beneficial effects for patients
Parkinson disease, Dizziness, . with Parkinson disease. This protocol does not need any particular equipment and can be used in
Vestibular exercises, Physical . all environments while it can reduce dizziness and improve motor skills and postural control in this
rehabilitation : group of patients.
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1. Introduction

arkinson disease is among the progressive

diseases of nervous system. The pathology

of Parkinson disease is attributed to the

impairment of basal ganglia and the dis-

ease is diagnosed with symptoms such as
motor retardation, joints stiffness, tremors and postural
instability [1]. According to a study, the rate of Parkinson
disease was estimated to be 222.9 patients per 100000
people in Tehran [2].

Vestibular dysfunction is associated with Postural and
equilibrium disturbances, and a number of problems
such as imbalance and persistent falls, immobility and
bed ridden are the consequences of these common symp-
toms [3]. Ample of evidences had shown the role of sen-
sory signals and in particular, sensory integrity from var-
ious organs such as mechanoreceptors, vestibular system
and special sense (i.e. vision) for normal equilibrium and
balance. This means that the sensory messages from ves-
tibular organs together with the visual sensory messag-
es and signal from proprioceptors are being integrated
with the activity of the cerebellum, extra pyramidal and
limbic systems and cortex [4]. In case of disturbances of
these systems, they might cause postural instability, diz-
ziness, and vertigo [5].

Dizziness is one of the Non-motor symptoms of this
disease which have significant impact on the quality of
life of the Parkinson patients. Dizziness is attributed
to the changes in Orthostatic Hypotension (OH) [6];
Although, about 30% of people over 65 years are af-
fected by dizziness, but the precise mechanism is not
fully understood in Parkinson patients [7]. Dizziness
has symptoms such as fainting, light headaches, vertigo
and imbalance [8].

The aim of this study was to investigate the role of ves-
tibular system as one of the important organs involved
in balance by considering disturbances in orientation,
equilibrium and sensory integrity systems as sources
of dizziness in Parkinson patients. Based on the previ-
ous studies, Parkinson patients suffered from vestibular
dysfunction [3] and it could be managed by vestibular
rehabilitation exercises [9]. Vestibular rehabilitation is a
group of exercises for patients with balance and equilib-
rium disorders; these exercises can stimulate the plastic-
ity of central nervous system and accordingly, improve
the postural stability. Furthermore, they teach the brain
how to adapt to unspecified stimuli [3].

Journal of

Modern Rehabilitation

As it was suggested, vestibular dysfunction has devas-
tating effects on the daily activities of patients [10].
Awareness of the negative effects of vestibular dys-
function on quality of life is an important part of the
Vestibular rehabilitation program. In this study, the
translated version of DHI [11] was used; DHI (Dizzi-
ness Handicap Inventory) is the first self-assessment
questionnaire to assess the disability caused by dizzi-
ness and also to evaluate the effects of vestibular exer-
cises on rehabilitation plans. [12].

2. Materials and Methods

This is an interventional study with a single-blind
clinical trial design. Evaluations were made by another
specialist who was not aware of the patients grouping.
Sampling was based on the availability; all patients who
entered to the current study were among the Parkinson
patients referring to Rasoul-e-Akram and Imam Kho-
meini hospitals. In first stage, five subjects participated
in the study as a pilot sample and then; the sample size
were determined based statistical analysis and then,
24 patients were voluntarily participated in the study.
Twelve subjects were then randomly assigned in to the
control group (6 women, 6 men, mean age 63.08 yrs.)
and 12 subjects to the intervention group (8 men, 4 wom-
en, mean age 63.16 yrs.) based on the inclusion criteria
through encoded envelopes.

The inclusion criteria for the study were as following:
Disease level of 1 to 4 according to the Hoehn and Yahr
(H & Y) scale [3], the ability to walk with or without
axillary crutches for at least 100 meters [13], videonys-
tagmography indicating the Vestibular disorders, per-
formed by an Audiologist [14], cognitive performance
above 23 on the MMSE test [15], depression score less
than 29 based on Beck Depression Inventory (BDI) [16,
17], lack of severe sleep disorder based on the Pittsburgh
Sleep Quality Index (PSQI-P), score less than 5 [18] and
lack of stress and anxiety based on Depression Anxiety
Stress Scales-21 (DASS-21) [19].

Depression, anxiety and stress item have a score of less
than 20, 14 and 25 respectively [20]. All tests and evalu-
ations were performed in condition that the symptom of
the disease related to non-use of the medications drug
had completely subsided [21]. However, the medication
consumption was discontinued 24 hours before the vide-
onystangography test [14]. No diabetes, no pain related
to osteoarthritis and osteoporosis, particularly in lower
limbs, no neurological diseases including stroke or se-
vere visual and auditory disorders. The exclusion criteria
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for the study were lack of cooperation during the tests
and exercises.

Protocol

The patients were asked to complete the Dizziness
Handicap Inventory-Persian (DHI-P) questionnaire af-
ter completing the consent form; then the assessments
were performed by an occupational therapist who was
not aware of grouping. The patients were randomly as-
signed in to the intervention and control groups. In the
intervention group, Vestibular exercises, as described in
appendix [13], were completely performed for 24 ses-
sions about 55 minutes to 60 minutes, 3 days a week.
The patients were also allowed to rest for 1 minute in the
event of a feeling tired or to resume another appointment
if they were unable to continue the workout.

In the control group, conventional exercises included
5 minutes of warm-up (slow and inactive walking),
muscle stretching exercises (scapular muscles, pelvic
flexors, hamstrings and gastrocnemius) [22] and also
standing and sitting body rotation were performed for
15 minutes respectively. The patients were given time
to rest during the training if they felt tired. To assess the
effectiveness of Vestibular Rehabilitation interventions,
Berg Balance Scale (BBS), Functional Reach (FR) and
2 Minutes Walking Test 2MWT) were performed be-
fore and after the interventions.

Dizziness with Dirty Handicap Inventory-Persian
(DHI-P) questionnaire consists of 25 questions, divid-
ed into three sub-items: 9 physical questions, 9 func-
tional questions and 7 emotional questions. There are
3 options for each question: Yes with 4 points (highest
score), sometimes with 2 points and no with 0 points.
The total score of this questionnaire is between 0-100,
in a way that 100 indicates the highest level of dizzi-
ness. The score below 30 represents mild disabilities,
31-60 reports moderate disabilities and more than 60
indicates severe disabilities. Nineteen is the minimum
score for discriminating variations in DHI-P [11]. Also,
Cronbach’s alpha for DHI-P, the emotional sub item, the
physical sub item and the functional sub-item were 0.79,
0.82, 0.83 and 0.9 for total; respectively.

Based on the reliability and good internal correlation
found in the Persian version of DHI-P, it provided a reli-
able tool for assessing the effect of dizziness on quality
of life [11]. Berg Balance Scale (BBS), as a basic func-
tional test consists of 14 items which is, scored from 0
to 4. Total score of this scale is 56 that represents excel-
lent balance and a score of 0 indicates severe equilib-
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rium damage. The Persian version of BBS is also a valid
and reliable instrument for Iranian elderly and Cerebral
Palsy children (ICC=0.93, 0.094 respectively) [23, 24].

Functional Reach test (FR) has been developed as a
rapid screening tool for balance problems and risk of
falling in elder population. To perform this test, the sub-
ject stands up, opens the legs as wide as the width of the
shoulders and lifts and stretches the hand for 90 degrees
from the front. The subject stands in stable position, and
extend his hand forward as long as he can while, main-
taining his balance; then, the distance of the stretched
hand is measured by a meter; this test has a test-retest
reliability (ICC=0.94) [25].

There are 12 minute walking, 6 minutes walking and 2
minutes walking tests for tolerance evaluation and there
are no differences between these tests in the evaluation
value of tolerance. However, the 2 minutes walking
test is easier and less time consuming for the patients.
Therefore, this test was used in this study [26]. To carry
out these tests, the subject stands behind a starting line
marked on the ground and the therapist asks him to walk
as quick as possible a 21 meters distance; as therapist set
the chronometer for 2 minutes and the distance will be
measured at the end [27].

Statistical analysis

The variables (DHI-P, total score and sub items, Berg,
FR and 2MWT were compared by independent sample
t test for both groups and P<0.05 was considered statis-
tically significant (SPSS V.24). The paired t test was
used (based on normality of data) for comparison of the
scores before and after the intervention in both groups.
Also, to determine the significance level of information
about the inclusion criteria between the two groups, in-
cluding demographic data such as age, gender and his-
tory of the disease, the two independent t-test and chi-
square tests were used.

3. Results

Twenty four Parkinson patients were evaluated and
treated based on the inclusion criteria in this study.
They were randomly assigned in two groups. The de-
mographic information and entry criteria were shown in
Table 1; Normal distribution of data based on kolmo-
grov-smirnov test was shown and no significant differ-
ences were between the groups (P=0.352) Twelve sub-
jects were in the vestibular exercise group (mean age
16.63), of which 4 were afflicted with grade III and 8
subjects had grade II Parkinson according to Hoehn &
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Table 1. Demographic data, mean scores and standard deviation

Variable Intervention Group Control Group Significance Level
Age (year) 63.16(SD+8.05) 63.08(SD+9.49) 0.982
Gender (male/ female) 4.8 6.6 0.408°
History of disease (year) 3.33(SD#1.55) 3.75(SD+1.60) 0.525
H &Y Grade I/ 11l 4.8 5.7 0.178°
BMI 25.30(SD+3.18) 25.07(SD+4.19) 0.884
MMSE 24.81(SD+0.98) 25.23(SD+1.01) 0.549
Normal of distribution of data in both intervention and control groups based on Kolmogrov-Smirnov test. JVIR
a: P was assessed by K square test
Table 2. Dizziness scores within the groups before and after the intervention (at the end of 24* session)
Variable Control Intervention
Before the intervention 19.50(SD+8.27) 18.33(SD+7.32)
After the intervention 19.33(SD+8.05) 16(SD+5.72)
DHI p?tfr:a' sub Changes -0.16(SD+1.33) -2.33(SD+2.93)
95% Cl -1.01to0 0.68 -4.19 to -0.46
P 0.674 0.019
Before the intervention 10.66(SD+5.86) 13.50(SD+7.77)
After the intervention 10.66(SD+5.86) 11.16(SD+5.62)
o el il Changes 0 -2.33(SD#3.49)
item
95% Cl 0 -4.55 to -0.46
P = 0.041
Before the intervention 13.83(SD+7.15) 19.33(SD+7.78)
After the intervention 13.83(SD+7.15) 12.66(SD+5.54)
DHI fur?ctional sub Changes 0 6.66
item
95% Cl 0 -9.33t0-3.99
P - <0.001
Before intervention 44(SD+18.15) 51.16(SD+18.78)
After the intervention 43,83(SD+17.99) 39.83(SD+13.84)
DHI total score Changes -0.16(SD+1.33) -11.33(SD+6.16)
95% Cl -1.01 to 0.68 -15.25 to -7.41
P 0.674 <0.001
JVR

95% Confidence Interval (95% CI): 95% confidence interval and P; (P): Showed significance level Before and after the interven-

tion for both groups.
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Table 3. BBS, FR, 2MWT test scores within the groups before and after intervention (end of session 24)

Variable Variable Control Group (n=12) Intervention Group (n=12)
Before the intervention 45.91(SD+6.18) 47.83(SD+4.78)
After the intervention 46.08(SD+6.03) 55(SD+14)
BBS Changes 0.16(SD+0.57) 7.16(SD+3.24)
95% Cl -0.20t0 0.53 5.10t09.22
P 0.339 <0.001
Before the intervention 21.83(SD+5.84) 21.41(SD+4.88)
After the intervention 22.91(SD+5.4) 28.41(SD+4.20)
FR Changes 1.08 7(2.17)
95% Cl 0.36 to 2.52 5.61to 8.38
P 0.127 <0.001
Before the intervention 113.75(SD+28.12) 116(SD+24.84)
After the intervention 115(SD+29.01) 139.75(SD+24.30)
2MWT Changes 1.25 23.75(SD+16.73)
95% ClI 0.26t0 2.76 13.11t034.38
P 0.096 0.004

JVR

95% Confidence Interval (95% CI): 95% confidence interval and P; (P) Showed significance level before and after the interven-

tion for both groups.

Yahr scale. In addition, 12 subjects were in conventional
exercise group (mean age 63.08 yrs), of which 5 were
afflicted with grade III and 7 others had grade II of the
disease. In the control and intervention groups, the mean
total scores of DHI-P, before the intervention were 44
(SD=18.15) and 16.51 (SD=18.78) respectively, The to-
tal score of DHI-P and the sub items before and after the
intervention in the control and intervention groups were
presented in Table 2.

The findings showed that the total score of DHI-P ,af-
ter training, in the intervention group was lower than
the control group. In the intervention group, 4 patients
(33%) reported an improvement of more than 19 points
compared to before intervention in DHI-P. However,
no (i.e. 19 points) changes were observed in the con-
trol group. The scores of BBS, FR, 2MWT equilib-
rium tests were 45.91(SD=6.18), 21.83(SD=5.84) and
113.75(SD=28.12) in the control group before interven-
tion, respectively. The scores before intervention were
47.83(SD=4.78), 21.41(SD=4.88) and 116(SD=24.84)
respectively in the intervention group (Table 3). The
scores of BBS, FR, 2MWT equilibrium tests showed a
higher improvement in the intervention group compared

to the control group after the intervention. The full report
of the findings was presented in Tables 3, 4.

4. Discussion

The results of present study showed that Vestibular ex-
ercises had significant effects on dizziness and improve-
ment of postural control in Parkinson patients in compar-
ison with the conventional exercises. The effectiveness
of Vestibular exercises on dizziness and Improvements
of Performances were also investigated by using scores
of DHI-P, BBS and FR, and 2MWT. Based on our find-
ings, there were significant improvements in the inter-
vention group (i.e. vestibular rehabilitation) compared to
the control group (conventional exercises).

Reviewing the literature, there were very few studies
in this area for comparison of our data with previous
research. In fact, the present study, by our knowledge,
is one of the pioneers of clinical trial researches in this
field reported some cliinical benefits of vestibular ex-
ercise for Parkinson patients; that is in line with our
results. Zeigelboim also attributed their findings rein-
forced the hypothesis that “vestibular rehabilitation can



http://jmr.tums.ac.ir/index.php/jmr

January 2018, Volume 12, Number 1

Journal of

Modern Rehabilitation

Table 4. Comparison between intervention group and control in DHI, BBS, FR, 2MWT tests

Comparison Between the Intervention Group and the Control Group

Variable
T
DHI physical sub item
P
T
DHI emotional sub item
P
T
DHI functional sub item
P
T
DHI total score
P
T
BBS
P
T
FR
[}
T
2MWT
P

-2.328

0.034

-2.310

0.041

-5.490

<0.001

-6.128

<0.001

6.860

<0.001

-6.514

<0.001

-4.611

0.001

JMR

T an independent test and P showed a significant level before and after the intervention for both groups.

accelerate the mechanisms of central compensation by
means of neuroplasticity with the execution of repeti-
tive exercises” [9].

There is another study regarding the effects of virtual
exercises on dizziness, albeit, the neurophysiological ef-
fects of virtual exercises might not be alike as vestibular
exercises; however, it can be concluded that the signifi-
cant difference between the DHI-P scores before and
after Virtual exercises, reported by Severiano et.al, was
in line with the finding of present research [28]. Further-
more, by comparing the results of our study with previ-
ous studies, one might argue that the differences between
BBS (P=<0.001), FR (P=<0.001), 2MWT (P=0.004)
scores could be attributed to the effects of Rehabilitation
exercises that were compatible with the results of Rossi-
Izquierdo et al. (2009), Hebert et al. (2011).

However, in the later study, Vestibular rehabilitation
was used for multiple sclerosis [3, 13]. In addition, previ-
ous study had suggested that part of the vestibular train-
ing protocol that was related to equilibrium exercises had
conditioning effects; in other word, it might prepare the
Central Nervous System (CNS) to provide efficient reac-

tion. Consequently, these exercises could provide proper
signals needed for the control of body during standing
and walking [13]. Therefore, it seems that the significant
results obtained in this study were somehow related to
the improvement of motor and functional skills. Accord-
ingly, As a result of decreasing dizziness, there was a
positive effect on the physical and functional items of
DHI questionnaire. For this reason, it might be suggested
that Vestibular rehabilitation might cause central nervous
system modulation in our patients.

Furthermore, in another study, Petzinger et al. sug-
gested that neuroplasticity in Parkinson patients can be
considered as a result of functional improvement. In
other word, physical activity through exercises could
cause some neuroplastic changes in brain, probably,
at the levels of neurotransmitters, synaptogenesis and
neurogenesis. This in turn, might cause, positive ef-
fects on neural circuits and, subsequent changes after
training might occurs due to exercises [29]. Therefore,
improvements of equilibrium and walking strategies
partly are attributed to the muscle coordination after
performing vestibular exercises.
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Previous studies had shown that saccade disorder and
eye movement impairment were present in Parkinson
patients based on videonystagmography results [14]. As,
oculomotor exercises, is part of the vestibular exercises
and comprise of saccades, pursuit (follow-up), and Ves-
tibuloocular reflexes [13], consequently, oculomotor
exercises might had some beneficial effects for the pa-
tients. Also, according to Oculomotor studies system, the
Oculomotor disturbances could also be the representa-
tive of control disabilities Of these patients [30].

Oculomotor exercises could coordinate movements of
the head, body, and pelvic girdle during walking. As a
result, Oculomotor exercises in the form of eye move-
ments might had a key role in neuromuscular reorgani-
zation through neuromuscular plasticity [31]. Hence, in
other words, these exercises can maintain postural sta-
bility through Vestibulo-ocular and Vestibulo-spinal re-
flexes by activating the antigravity muscles and then, can
enhance the functional abilities of the patients [32, 33].

The results of this study showed that Vestibular exer-
cises can have significant Positive effects on dizziness,
orientation and improve the equilibrium disorders and
functional abilities of Parkinson patients. Reviewing of
the relevant literatures, previous studies had attributed
the positive changes to the neuroplasticity of central
nervous system. It seems that relatively long term exer-
cises, used in the current study, had been able to affect
the mechanisms involved in neuroplasticity, although
there is no direct evidence in this study for the measure-
ment of changes in brain connections at molecular level
and neural circuits.

Nevertheless, this might be inferred from the results of
other studies that had shown evidences on the effect of
training on neuroplasticity at the neurotransmitter levels,
synaptogenesis, and neurogenesis [29]. With regard to
the present evidences, we strongly suggest the vestibular
exercises for the physical rehabilitation of Parkinson pa-
tients in order to improve dizziness, balance, daily activi-
ties and walking functions.

Limitations should be acknowledged. The objective
tools that could be useful to evaluate, the progression of
Dizziness and equilibrium, more efficiently and docu-
mentary such as Functional Magnetic Resonance Image
(FMRI). Although the sample size should be more than
this study to regard carefully ample of characters and dif-
ferences between patients.
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