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Abstract Introduction Parkinson disease (PD) is a progressive degeneration characterized by
motor disorders, such as tremor, bradykinesia, stiffness and postural instability.
Objective To evaluate the independence, confidence and balance in the development
of daily activities in patients with PD before and after rehabilitation.

Methods A descriptive, retrospective cross-sectional study was carried out with 16
patients (mean 57.6 + 18.7 years), submitted to anamnesis, otolaryngological evalua-
tion and vestibular assessment. The Vestibular Disorders Activities of Daily Living
(VADL) and the Activities-Specific Balance Confidence (ABC) scales were applied before
and after rehabilitation with virtual reality.

Results a) The instrumental subscale of the questionnaire showed statistically significant
result (p=0.022; 95% Cl 1.21; 2.21) between the first and second assessments; b) The
correlation between the questionnaires showed statistically significant result in the ambulation
subscale (p = 0.011; 95% Cl —0.85; —0.17) firstand (p = 0.002, 95% Cl —0.88; —0.31) second
assessments, and the functional subscale was only verified in the second assessment
(p=0.011, 95% Cl —0.85; —0.17); and c) The patients presented clinical improvement in
the final assessment after rehabilitation with significant result for the tightrope walk (p = 0.034,

Keywords 95% Cl —12.5; —0.3) and ski slalom games (p = 0.005, 95% Cl —34.8; —6.6).
= Parkinson disease Conclusions Our results showed that the VADL and ABC questionnaires, applied
= postural balance before and after rehabilitation, were important tools to measure the independence,
= quality of life confidence and balance while developing daily activities. The VADL and ABC ques-
= rehabilitation tionnaires may effectively contribute to quantify the effect of the applied therapeutics
= virtual reality and, consequently, its impact on the quality of life of patients with PD.
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Introduction

Parkinson disease (PD) is a chronic disorder with progressive
degeneration of the dopamine-producing cells in brain
structures, including the substantia nigra. Its major symp-
toms are motor disorders, such as tremor, bradykinesia,
stiffness and postural instability,’? causing functional de-
cline, impairing the performance of activities of daily living
(ADLs) and resulting in the reduction of physical indepen-
dence and quality of life (QOL).> Patients with PD have
difficulties performing ADLs, specially tasks demanding co-
ordination and balance.*>

The elderly population, who have the greatest incidence of
PD, present impaired balance. Postural instability occurs as
the disease progresses, thus causing functional indepen-
dence and, consequently, increasing the risk of falls.%’
Although falls significantly affect the ADLs and the QOLof
patients with PD, the underlying neural mechanisms associ-
ated with frequent falls in PD patients are still unclear.”

Vestibular rehabilitation (VR) aims to modify the postural
control system by means of specific, repetitive physical
exercises under different conditions. It has been shown to
act physiologically upon the vestibular system, being con-
sidered a therapeutic resource due to its performance pro-
posal, based on the central mechanisms of neuroplasticity.?
The central nervous system (CNS) processes the information
and responds to it by means of reflexes, the vestibulo-ocular
reflex (VOR), which allows visual stabilization during the
head movements, and the vestibulospinal reflex (VSR), which
generates a body compensation movement in order to keep
head and body stability, thus preventing falls. Neuroplastic-
ity refers to the capacity of the CNS to modify some of its
morphological and functional properties as a response to
environmental changes.®

Imbalance and fear of falls may hinder the performance of
ADLs, especially activities demanding fast head motions, and
trunk and/or head flexions.’ Difficulties in carrying out ADLs
can be assessed by means of formerly validated question-
naires. Among the existing instruments, we point out the
Vestibular Disorders Activities of Daily Living (VADL) and the
Activities-Specific Balance Confidence (ABC) scales.

Thus, the objective of the current study was to evaluate
the independence, confidence and balance in the develop-
ment of daily activities in patients with PD before and after
rehabilitation.

Methods

Participants and Study Design

This study was approved by the Research Ethics Committee
(Plataforma Brasil)—opinion number 832.502/2014, and
authorized by the patients, who signed the Free Informed
Consent Form. The study follows the principles of the Decla-
ration of Helsinki.

A descriptive, retrospective cross-sectional study was
carried out. The sample included 16 patients (6 female and
10 male) with PD who were referred by the department of
neurology from the clinical hospital for assessment in the
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department of otoneurology of a teaching institution in
the same city. The diagnosis of PD was held according to
the Queen Square Brain Bank criteria. The mean age of the
patients was between 18 and 82 years (mean 57.5 +18.7
years). The mean disease duration was 5.1 4- 3.2 (1 year, and
11 years maximum).

Adult patients with PD, not diagnosed with middle-ear
disorders, no use of walking devices, and not formerly
submitted to any rehabilitation therapy were included in
the study. Patients with ear disorders, incapable of comply-
ing with and understanding simple verbal commands, and
visually impaired were excluded.

All patients underwent otorhinolaryngological assessment,
anamnesis and vestibular system screening with digital vector
electronystagmography (VENG), which has its own software
VecWin2 (Neurograff Eletromedicina LTDA, S3o Paulo, SP,
Brazil), a rotating chair model COD 14200, rotation 0.01 to
0.5Hz, (Cadeiras Ferrante Ltda, Sao Paulo, SP, Brazil), a visual
stimulator model EV VEC (Neurograff Eletromedicina LTDA,
Sdo Paulo, SP, Brazil), and an air caloric stimulator model
NGR 05 (Neurograff Eletromedicina LTDA, S3o Paulo, SP,
Brazil). The flow rate used was 5 and 13 L/min.

Subsequently, the VADL'® and the ABC'' questionnaires
were applied. They were applied before rehabilitation
(1%t assessment) and after the 20™ session of rehabilitation
(2" assessment), aiming at observing the prospective post-
intervention changes.

Vestibular Disorders Activities of Daily Living Scale
(VADL) - culturally adapted to the Brazilian population by
Aratani et al,'? it assesses the dependence and the impact of
body imbalance on the performance of daily activities. The
questionnaire includes 28 daily living activities divided
into three subscales, functional (12 activities), ambulation
(9 activities), and instrumental (7 activities). Using a quali-
tative scale, the patients are assigned 0 to 10 points according
to their performance and independence in performing each
described activity. The score is calculated from the median of
values, in which the higher the score the higher the depen-
dence and inability of the patient. For “Not Applicable” (N/A)
answers, that is, the patient does not perform the activity or
does not want to reply, the question is given zero points.

Activities-specific Balance Confidence Scale (ABC) -
culturally adapted to the Brazilian population by Marques
etal,'! it assesses the level of confidence of the individual in
the ability to maintain balance while performing specific
daily activities. The questionnaire comprises 16 questions on
how confident subjects are to carry out a certain activity
(not confident = 0%, and completely confident to carry out
the activity without losing balance = 100%). Therefore, the
higher the percentage, the greater their self-confidence.

Vestibular Rehabilitation with Virtual Reality (VR)
The exercises aim to improve the vestibulo-visual interaction
during head movements, to increase static and dynamic
postural stability under conditions that produce conflicting
sensory information, to improve the ability in performing
daily activities, and to provide patients with greater physical
independence.®
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Vestibular rehabilitation with VR is a therapeutic method
used in body-balance rehabilitation. Nintendo Wii equip-
ment, Wii remote e Wii balance Board (Nintendo Co, Ltd.,
Kyoto, Japan) were used. This platform measures the applied
strength, and records slight balance changes by means of
pressure sensors. At first, patients got familiar with the game
and were instructed regarding the necessary movements to
play it. The Wii balance board entails reactive and proactive
strategies of postural control by means of visual feedback as
well as the challenge for better performance in order to finish
the games.

Four balance games were carried out (soccer heading,
table tilt, tightrope walk e ski slalom) with strategies involv-
ing saccadic, optokinetic stimuli, head movement, static and
dynamic balance, motor coordination, eye-pedal coordina-
tion, circular pelvis movements, knee flexion-extension,
ankle-hip movements, back to front and side to side move-
ments and weight transfer, aiming at balance disorders and
postural instability.

All patients carried out 20 VR sessions individually,
50 minutes each (10 minutes of heating exercises and
40 minutes of balance exercises), twice a week, and were
submitted to the same assessing questionnaires before and
after the end of the rehabilitation sessions. The patients
performed this type of intervention exclusively with games
and were not oriented to perform any type of complementa-
ry traditional exercise at home.

Statistical Analysis

Data analyses were held by means of descriptive statistics,
Friedman analysis of variance (ANOVA), Spearman Correla-
tion Coefficient and paired Student t-test at a significance
level of 0.05 [(5%) by means of the Statistica 13.1 software
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Table 1 Symptoms in patients with Parkinson disease (n = 16)

SYMPTOMS n %
Tremor 12 75.0
Muscle stiffness 12 75.0
Imbalance 10 62.5
Difficulty walking 7 43.7
Dizziness 7 43.7
Dysphagia 6 37.5
Paresthesia 3 18.7
Tinnitus 2 12.5
Dysarthria 2 12.5
Headache 1 6.2
Tiredness when speaking 1 6.2

Abbreviation: n, number; PD, Parkinson disease.

(StatSoft, Inc., Tulsa, OK, USA). For the tests, the 95% confi-
dence interval (CI) was applied.

Results

The most reported complaints during the anamnesis were:
tremor and muscle stiffness (75% each), imbalance (62.5%),
difficulty in gait and dizziness (43.7% each), as shown
in table 1.

Disorders in the vestibular testing were evidenced in 5 cases
(31.2%), with 3 cases (18.7%) of peripheral vestibular deficit
dysfunction and 2 cases (12.5%) of hyperreflexia/vestibular
dysfunction. Testing results were normal in 11 cases (68.8%).
Results of the VADL questionnaire can be observed in table 2.

Table 2 Results of the Vestibular Disorders Activities of Daily Living questionnaire and according to subscales and general

assessment (n = 16)

ASSESSMENT DESCRIPTIVE STATISTICS p 95% Cl
MEAN MEDIAN MIN MAX SD

FUNCTIONAL

1st assessment 1.69 1.42 0.92 4.42 1.00 0.240 —0.43; 0.81

2nd assessment 1.50 1.29 0.92 3.50 0.69

AMBULATION

1st assessment 2.1 1.27 1.00 6.73 1.82 0.225 -0.71; 0.73

2nd assessment 2.10 1.44 1.00 6.89 1.87

INSTRUMENTAL

1st assessment 3.63 3.50 1.00 8.20 2.49 0.022 1.21; 2.21

2nd assessment 1.92 1.36 0.57 4.43 1.20

GENERAL

Tst assessment 2.23 1.64 1.18 5.57 1.27 0.054 —0.36; 1.30

2nd assessment 1.76 1.42 1.07 4.40 1.03

Abbreviation: Cl, confidence interval; Max, maximum; Min, minimum; SD, standard deviation; VADL, Vestibular Disorders Activities of Daily Living.

Significant p values are in bold.
“Friedman analysis of variance (ANOVA) test.
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Table 3 Results of the Activities-Specific Balance Confidence questionnaire (n = 16)

ASSESSMENT DESCRIPTIVE STATISTICS

MEAN MEDIAN MIN MAX SD P 95% Cl
1st assessment 74.79 80.94 27.50 100.00 20.59 0.459 —-18.27; —=10.35
2nd assessment 78.75 89.38 31.25 97.50 19.05

Abbreviations: ABC, Activities-Specific Balance Confidence; Cl, confidence interval; Min, minimum; Max, maximum; SD, standard deviation.

“Friedman analysis of variance (ANOVA) test.

The application of the Friedman ANOVA test showed no
statistically significant difference for the subscales: Func-
tional (p =0.240, 95% CI from —0.43-0.81) and ambulation
(p=0.225, 95% CI from —0.71-0.73). The instrumental sub-
scale evidenced statistically significant difference (p = 0.022,
95% Cl from 1.21-2.21) between the 15 and 2"¢ assessments.
For the general assessment, there was also no significant
difference (p = 0.054,95% CI from —0.36-1.30). The results of
the ABC questionnaire are shown in =Table 3.

The application of the Friedman ANOVA test showed no
significant difference between the scoring of both assess-
ments (p =0.459, 95% CI from —18.27 to —10.35).

The correlation result between the VADL and ABC ques-
tionnaires can be seen in table 4.

The application of the Spearman correlation coefficient
evidenced significant correlation (p=0.011, 95% CI from
-0.85 to —0.17) (p =0.002, 95% CI from —0.88 to —0.31)
between the VADL and ABC questionnaires for the ambula-
tion subscale in both assessments, while for the functional
subscale, correlation was only verified in the 2" assessment
(p=0.011,95% Cl from —0.85 to —0.17). For the instrumental
subscale, there was no significant correlation in any assess-
ments. For the general assessment, there was a statistically
significant correlation (p=0.010, 95% CI from —0.85 to
—0.18) in the 1% assessment. As the correlation coefficient
always resulted negative, it was evidenced an inverse corre-
lation between the questionnaires, that is, the lowest scores
in the VADL questionnaire correspond to the highest scores in
the ABC questionnaire, thus evidencing that the best results
in the VADL questionnaire correspond to the best results in

the ABC questionnaire. As for the subscales, the highest
correlations occurred in the ambulatory subscale.

The correlation between age and disease duration accord-
ing to the VADL and ABC questionnaires can be observed in
table 5.

The application of the Spearman correlation coefficient
revealed no significant correlation between disease duration
according to the VADL and ABC questionnaires in any
assessments.

The result of virtual games (1% assessment) and (2%
assessment is show in table 6).

The Student t-test evidenced a statistically significant
difference between the tightrope walk (p =0.034, 95% CI
from —12.5 to —0.3) and the ski slalom (p = 0.005, 95% CI
from —34.8 to —6.6) games, showing that these games were
more efficient for this type of population than the other
games used along the therapeutic intervention. Patients
reported that the improvement was reflected in their daily
activities.

Discussion

Gait and balance impairments are common symptoms of
PD. Such motor symptoms are debilitating, leading to the
decline of the patients in their self-perception and balance
confidence.'? ' The reduction in the ability to walk, as well
as the postural instability have been identified as causes for
the fear of falling and reduced mobility, with consequent
reduction in the QOL of subjects with PD. Studies>'>1°
observed gait difficulty in 83% of individuals, expressed

Table 4 Correlation between the Vestibular Disorders Activities of Daily Living and Activities-Specific Balance Confidence

questionnaires (n = 16)

RESULT s p 95% ClI

VADL functional and ABC - 1st assessment —0.3205 0.226 —0.70; 0.21
VADL ambulation and ABC - 1st assessment —0.6113 0.011 —0.85; —0.17
VADL instrumental and ABC - 1st assessment —0.4598 0.073 —0.78; 0.05
VADL general and ABC - 1st assessment -0.6187 0.010 —-0.85; —0.18
VADL functional and ABC - 2nd assessment -0.6113 0.011 —0.85; —0.17
VADL ambulation and ABC - 2nd assessment —0.6983 0.002 —0.88; —0.31
VADL instrumental and ABC - 2nd assessment —0.2369 0.377 —0.66; 0.29
VADL general and ABC - 2nd assessment —0.4423 0.086 -0.77; 0.07

Abbreviation: VADL: Vestibular Disorders Activities of Daily Living; ABC: Activities-Specific Balance Confidence; Cl: confidence interval.

Significant p values are in bold.
s test.
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Table 5 Correlation between duration of the disease according to the Vestibular Disorders Activities of Daily Living and Activities-

Specific Balance Confidence questionnaires (n = 16)

RESULT DURATION OF THE DISEASE 95% Cl
rs p

VADL functional - Tst assessment 0.4677 0.067 —0.04; 0.78
VADL functional - 2nd assessment 0.2015 0.454 —0.33; 0.63
VADL ambulation - 1st assessment 0.2050 0.446 0.32; 0.64
VADL ambulation - 2nd assessment 0.1999 0.458 —0.33; 0.63
VADL instrumental - 1st assessment 0.1167 0.666 —0.40; 0.58
VADL instrumental - 2nd assessment 0.0598 0.825 —0.45; 0.54
VADL general - Tst assessment 0.1909 0.478 —0.34; 0.63
VADL general - 2nd assessment 0.1232 0.649 —0.40; 0.58
ABC - Tst assessment 0.1171 0.665 —0.40; 0.58
ABC- 2nd assessment —0.4242 0.101 —0.76; 0.09

Abbreviation: ABC, Activities-Specific Balance Confidence; Cl, confidence interval; VADL, Vestibular Disorders Activities of Daily Living.

s test.

by slowness and shortening of steps, difficulty in beginning
the gait and balance deficit. Authors stated that those
disabilities occur due to improper functioning of the basal
ganglia to perform muscle adjustments during locomotion,
thus leading to freezing episodes and increase in the
double-support phase, that is, the period of greater gait
stability. Knowingly, motor symptoms precede disability;
therefore, physical aspects are pivotal for worsening the
QOL of subjects suffering from PD. These results are consis-
tent with our findings.

Mhatre et al? claim that impairments in balance and
postural stability contribute to increase the risk of falls and
fractures in this population. Falls are a major health problem
among the elderly population. The brain needs to process
signals from the visual, vestibular and somatosensory sys-
tems to maintain postural stability.'”-'® The combined loss of
sensory signals has been pointed as a major cause of imbal-
ance.'® As a consequence, the elderly population develops
the fear of falls, reduces their self-confidence to carry out
ADLs, and end up adopting a less active lifestyle.'®

The tests that make up the vestibular exam allow us to
evaluate the relationship between balance and posterior
labyrinth function, vestibular branches of the VIII cranial
nerve, vestibular nuclei of the floor of the fourth ventricle,

Table 6 Virtual reality game performance (n = 16)

vestibular pathways and, above all, the vestibulo-oculomo-
tor, vestibulocerebellar, vestibulo-spinal and cervico-vestib-
ular proprioception interrelationships. The authors?%?’
point to the prevalence of peripheral vestibular alterations
in the elderly. The authors?’ evaluated 30 Parkinsonian
patients and reported 25 abnormal exams (23 cases with
peripheral vestibular alterations and two cases with central
vestibular alterations) and 5 cases within the normal limits.
The fact that we do not observe a relevant number of central
vestibular alterations in PD is due to the disease stage of the
patients.

Concerning the application of the VADL questionnaire was
statistically significant (p < 0.05) was observed for the in-
strumental subscale. Patients with PD have greater risk to
reduce their ADLs with the progression of the disease,
particularly activities demanding coordination, balance
and mobility,>24 thus causing them dependence and the
consequent negative impact on their QOL.2>?® The concept of
QOL is highly complex and refers to the perception of the
subjects regarding their disease and its effect on their lives,
involving personal satisfaction associated with their physi-
cal, functional, emotional and social well-being. In the
context of chronic diseases, the maintenance of QOL must
be one of the treatment concerns.'?

GAME SESSION 1 SESSION 20 P 95% ClI
MEAN SD MEAN SD

Soccer heading 27.7 18.6 42.3 25.0 0.112 -30.5; 1.3

Tightrope walk 19.3 6.1 25.7 10.4 0.034 -12.5; -0.3

Table tilt 73.3 14.5 66.1 18.8 0.162 —-4.9;19.3

Ski slalom 34.6 8.8 55.3 26.2 0.005 —34.8; —6.6

Abbreviation: Cl, confidence interval; SD, standard deviation.
Significant p values are in bold.
*Student t-test.
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The correlation between the ABC and VADL question-
naires was statistically significant (p < 0.05) in both assess-
ments for the ambulation subscale, which assesses the
perception of mobility-related abilities, while for the func-
tional subscale, which assesses the individual perception of
basic self-maintenance activities, significance was evidenced
in the 2"¢ assessment. In the general assessment, there was
significant correlation in the 1°' assessment. Corroborating
our findings, Cohen® reported that imbalance may hinder the
performance of daily activities, such as those that demand
fast head motion, as well as tasks demanding trunk and head
flexion.

The authors?” assessed 104 subjects with idiopathic PD
(averaging 66.5 years old, disease duration of 8.8 years) and
observed that there was strong correlation to turning and
gait measures related to rhythm and dynamic stability
during the gait in the ABC questionnaire. In addition, there
were poor correlations between the ABC questionnaire and
postural sway in an upright, standing position. The study
evidenced coherence in the correlation patterns (that is, the
severity of the disease as well as patients’ perception of their
mobility impairment were related to the same objective
mobility measures). Corroborating our findings, Bryant et
al'® reported striking differences in the walking speed, stride
length during backward and forward gait and 360 degree
turn among individuals with PD who feared falls. The study
provided better understanding for the relation between
balance and gait measures and patients perceived impaired
mobility. Detailed understanding on how neurological dis-
orders cause balance and gait dysfunction, which affect
patients’ lives and are related to the disease severity, will
be helpful to orient rehabilitation interventions, that is,
improvement in the turning speed, gait speed and stride
length. The authors® report that a wide range of subjective
and objective assessments have been used to assess balance
in subjects with PD. However, little is known on the relation
between self-perception and balance confidence. Authors'?
applied the ABC questionnaire to 44 individuals after the
performance of static and dynamic balance tasks. The center
of pressure and the center of mass were calculated and the
severity of the disease was observed to influence confidence
relations and control of the static and dynamic balance.

Regarding the exergames used, we observed, with the
application of the VADL and ABC questionnaires before and
after 20 rehabilitation sessions, the improvement in the
independence, confidence, and balance with tightrope
walk and ski slalom games, showing that such games were
more efficient for this type of population than the other
games played. Canning et al?® carried out exercises with 231
subjects suffering from PD for 6 months, 3 times a week, 40 to
60 minutes each session, and reported that lower-limb bal-
ance and strength exercises may not only improve balance
and gait but also enhance the confidence and QOL of the
patients. Zettergren et al>® observed Nintendo WiiFit-related
benefits. These benefits include an increase in patients’
adherence to the exercises, improvement in the social inter-
action and self-esteem. The authors>® analyzed the use of
dancing for balance and mobility training, and found im-
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provement in balance and mobility in 20 sessions for 10/13
weeks. In animal trials, Petzinger et al®! showed that exercis-
ing may alter dopaminergic neurotransmission. Studies>?
have pointed that patients’ participation in training pro-
grams has proved efficient to reduce depression, falls, fa-
tigue, thus improving their QOL. By applying the ABC
questionnaire before and after the training, Mhatre et al’
and Acarer et al*? reported that patients with PD evidenced
stiffness reduction, balance improvement, reduction in the
postural sway and better QOL, corroborating our findings.
The authors of the present study suggest for future studies
the inclusion of Vestibular Evoked Myogenic Potential
(VEMP), which, associated with functional tests, may
improve/complement the findings of subjective tests.

Conclusion

Our results showed that the VADL and ABC questionnaires,
applied before and after the rehabilitation training, were
major tools to measure independence, confidence, and bal-
ance in the development of daily activities.

The VADL and ABC questionnaires may effectively con-
tribute to quantify the effect of the applied therapeutics and,
consequently, its impact on the QOL of patients with PD.
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