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Abstract

Background: Dizziness is one of the most common complaints reported to primary care physicians. It

is often associated with vestibular dysfunction and typically impacts postural stability. Motion sickness,
or motion sensitivity, is stimulated by abnormal spatial orientation and is a common symptom related

to dizziness and postural instability. The main cause of the motion sensitivity is aberrant sensory input
from the visual, vestibular and somatosensory systems. The aim of this study was to measure the effect of
vestibular adaptation exercises on postural stability in young healthy adults with subjective awareness of

chronic motion sensitivity.

Methods: Fifty healthy male and female participants between 20 to 40 years of age with chronic motion
sensitivity were randomly assigned to either an experimental or control group. Postural stability
measurements were taken at baseline and after 6 weeks using computerized dynamic posturography with
immersion virtual reality. The experimental group performed daily vestibular adaptation exercises for 6
weeks. The control group was asked to avoid adding any new activities until post assessment to minimize

additional vestibular system stimulation.

Results: There was no significant difference between the two groups at baseline in terms of mean age,
height, weight, BMI or baseline postural stability scores (p>0.05). Significant differences in mean postural
stability scores were observed post intervention in both groups but larger improvements were detected in

the experimental group (p=0.002).

Conclusions: Minimal dosage of vestibular adaptation exercises improved postural stability in younger
adults with chronic motion sensitivity. Additionally, familiarity of the testing environment during post-test
measurements may have contributed to improvements in the control group over time; however, changes

were greater in the experimental group.
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Introduction

Dizziness is one of the most common complaints reported to
primary care physicians [1], which affects 20% to 30% of persons
in the general population [2]. It is often associated with vestibular
dysfunction and typically impacts postural stability [3]. Motion
sickness, or motion sensitivity, is stimulated by abnormal spatial
orientation and is a common symptom related to dizziness and
postural instability [4]. Gender, age, psychological status and
the environment can influence motion sensitivity and postural

stability [5]. Many otherwise healthy people experience motion
sensitivity during activities including riding roller coasters, boat
rides, and/or reading in moving vehicles. As a result, they often
avoid these activities because it produces motion sensitivity
symptoms including dizziness, nausea, imbalance, and/or blurry
vision [5,6]. Additionally, healthy people commonly experience
postural instability when exploring their surrounding visual
environment while standing on unstable surfaces or when in
virtual reality environments [6,7].
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Simulated virtual reality and related technologies have been
used to demonstrate the relationship between motion sen-
sitivity and postural stability [8]. Akiduki et al., reported that
motion sensitivity and postural instability are caused by a
visual-vestibular conflict that can be reproduced in virtual
reality environments [4].

Akin and Davenport describe motion sensitivity as “a dis-
turbing sense of vertigo or dizziness associated with head
movement”that is often the result of vestibular dysfunction
[9]. The vestibular system is located in the inner ear and is
comprised of three semicircular canals, the utricle and saccule
[10]. The vestibular system, along with the visual and soma-
tosensory systems, are the primary systems contributing to
motion and postural stability. The afferent input from these
systems is processed in the vestibular nuclear complex and
coordinates the vestibulo-ocular reflex (VOR) and vestibulo-
spinal reflex, respectively [10]. The VOR maintains stability of
the image on the retina during head motions by producing
compensatory eye movements for gaze stability [11-14]. The
vestibulo-spinal reflex maintains postural stability through the
musculoskeletal system during functional activities [15,16].
Improvement of the VOR can be achieved through vestibular
adaptation exercises [17].

Several investigators have reported on the relationship
between vestibular dysfunction and the effect of vestibular
adaptation exercises on postural stability and dizziness
[18-20]. Giray et al., reported significant improvements in
symptoms, disability, balance, and postural stability after
performing vestibular adaptation exercises in patients with
chronic unilateral vestibular dysfunction [18]. According to
Hall et al., patients with unilateral vestibular dysfunction had
decreased fall risk after performing vestibular adaptation
exercises [19]. Additionally, Morimoto et al., used vestibular
adaptation exercises to improve gaze stability and postural
stability after three weeks in healthy young adults [20]. To the
best of our knowledge, the effects of the adaptation exercise
on postural stability in healthy young adults with sub-clinical
chronic motion sensitivity have not been investigated. There-
fore, the purpose of this study was to measure the effects of
vestibular adaptation exercises on postural stability in healthy
young adults with sub-clinical chronic motion sensitivity. The
hypothesis was that vestibular adaptation exercises would
improve postural control during virtual reality immersion in
participants with chronic motion sensitivity.

Methods

Fifty healthy adults between 20 and 40 years of age with
sub-clinical chronic motion sensitivity were recruited for this
randomized controlled trial. Participants were recruited using
flyers that were posted at our university and by word of mouth.
Sub-clinical chronic motion sensitivity was operationally
defined as a history of avoiding activities causing dizziness,
nausea, imbalance, and/or blurred vision without having a
related medical diagnosis. Participants were included in the

study if they reported avoiding activities such as reading while
a passenger in a moving vehicle, driving on winding roads,
boats, airplanes, horseback riding, roller coaster rides and
quick movements due to symptoms consistent with motion
sensitivity. Participants were excluded if they were currently
taking medications causing dizziness or imbalance or had
cervical spine orthopedic impairments, vestibular impairments
or any neurological pathology. The Loma Linda University In-
stitutional Review Board approved the study. All participants
signed an informed consent prior to their beginning the study.

Participants were randomly assigned to either an experi-
mental or control group using a random number table. The
experimental group received vestibular adaptation exercises.
Both groups received postural stability measurements at
baseline and after six weeks using computerized dynamic
posturography with immersion virtual reality (CDP-IVR)
[21]. Additionally, the experimental group had a follow-up
assessment at three weeks post-baseline to progress their
vestibular adaptation exercises as tolerated. Participants in
the experimental group received daily-automated e-mails
using a Qualtrics on-line survey reminding them to perform
their exercises. We asked the control group to live their life
normally and to avoid adding any new activities that required
repeated head movement.

The Bertec Balance Advantage CDP-IVR was used to
measure postural stability by calculating center of gravity
displacements through strain gauges in the forceplate [22-25].
Postural stability was measured under two conditions. Condi-
tion 1 measured postural stability on a stable forceplate with
eyes open and focusing on a virtual reality infinite tunnel
(Figure 1). The infinite tunnel provided the visual illusion that
participants were moving towards the tunnel in an anterior

Figure 1. Computerized Dynamic
Posturography with Immersion Virtual Reality
\__(CDP-IVR). J
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direction. Condition 2 measured postural stability on an
unstable forceplate with eyes open focusing on the virtual
reality infinite tunnel. Each condition lasted twenty seconds
and was repeated three times and an average was calculated.

The Bertec Balance Advantage CDP-IVR calculates postural
stability and generates an equilibrium score in the following
manner: Signals from the subjects’ effort to maintain balance
are sampled and analyzed at 1000 Hertz and sway path is
computed. The testing protocol calculates the sway path with
equilibrium scores quantified by how well the subjects sway
remains within the expected angular limits of stability during
each testing condition. The following formula was used to
calculate the equilibrium score: Equilibrium Score (ES)=([12.5
degrees-(the taMAX-the taMIN)]/12.5degrees)*100. The ES
uses 12.5° as the normal limit of the anterior-posterior sway
angle range, taMAX is theta maximum and taMIN is theta
minimum. Sway angle was calculated as follows: Sway Angle
=arcsin (COGy/(.55*%h)) where y=anterior-posterior sway axis
and h=the subject’s height in [cm or inches]. The inverse Sin of
the center of gravity was divided by 55% of a person’s height.
Subjects exhibiting little sway will achieve equilibrium scores
near 100, while subjects whose sway approaches their limits
of stability will achieve scores near zero.

Vestibular adaptation exercises have been shown to im-
prove function of the VOR through visual fixation on a target
during head movement “head-eye coordination”[17,26,27].
Participants in the experimental group performed the ves-
tibular adaptation exercises one time daily for 5 minutes
(Figure 2 and Appendix 1).

€ 1

\_ Figure 2. Vestibular Adaptation Exercise Card. /

Statistical analysis

Sample size was calculated using a medium effect size of
0.50 between the experimental and control groups, a power
of 0.80 and the level of significance was set at 0.05. Data was
analyzed using SPSS Statistics Grad Pack 22.0 PREMIUM for
windows. Descriptive statistics were used to summarize the
data. Data was reported as meanzstandard deviation (SD)
for quantitative variables and frequency and percentage for
categorical variables. Normality of quantitative variables was
examined using Kolmogorov Smirnov test and box plots. To

compare means of height, weight, and body mass index (BMI)
between the experimental and control groups at baseline,
an independent t-test was conducted. Mean age and CDP-
IVR for all conditions (1, 2, and average) by group type were
compared using Mann-Whitney U test. The distribution of
gender by group was examined using Fisher’s Chi-square
test. To investigate the effect of the intervention on the
outcome measures over time, a 2x2 mixed factorial ANOVA
was conducted. The level of significance was set at p<0.05.

Results
There was no significant difference between the experimental
(N=26) and the control group (N=24) in terms of mean age,
height, weight, BMI, the CDP-IVR scores for conditions 1, 2,
and average at baseline (p>0.05). Seventeen participants
(70.8%) in the experimental group were females compared to
17 participants (65.4%) in the control group (p=0.77) (Table 1).
In the experimental group, there was no significant dif-
ference in mean CDP-IVR score between baseline and six
weeks later for condition 1 (90.4+1.2 vs. 87.3+1.7, p=0.08)
(Figure 3), significant difference in condition 2 (54.2+4.5 vs.
39.9+4.8, p=0.001) (Figure 4), and average of the two conditions
(72.3+2.5 vs. 63.612.9, p=0.002) (Figure 5). However; in the con-
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Figure 3. Mean+SE of postural stability of CDP-IVR for
condition 1 by group over time (N=50) *experimental group

\_ (p=0.08); control group (p=0.60).
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Figure 4. Mean=SE of postural stability of CDP-IVR for
condition 2 by group over time (N=50) *highly significant for
the experimental group (p=0.001); significant for control group

\_(p=0.03). Y,
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Figure 5. Mean+SE of postural stability of CDP-IVR for
condition average by group over time (N=50) *highly
significant for the experimental group (p=0.002); significant for

Post*

Kcontrol group (p=0.02). /
Table 1. Mean (SD) of general characteristics (N=50).
Experimental Control P-value®
(N,=26) (N,=24)
Female; n (%)° 17(70.8) 17(65.4) 0.77
Age (years)® 27.3(4.0) 28.4(3.9) 0.22
Height (inches) 65.3(3.6) 65.2(3.9) 0.90
Weight (Ib) 146.1(33.8)  143.2(24.9) 0.73
BMI (kg/m?) 23.9(3.9) 23.7(3.3)  0.83
CDP-IVR condition 1*  87.3(9.6) 87.1(6.6) 0.54
CDP-IVR condition 2°  39.9(25.7) 43.8(21.6) 0.34
CDP-IVR average® 63.6(16.2) 65.4(12.4) 0.28

Abbreviation: SD: Standard deviation; CDP-IVR: Computerized
Dynamic Posturography with Immersion Virtual Reality
Equilibrium Score.

‘Independent t-test; "Mann-Whitney U test; ‘Fisher’s Chi-Square

trol group, there was a significant difference in mean CDP-IVR
score post versus pre for condition 2 (51.7+4.3 vs. 43.8+4.6,
p=0.03), and average of the two conditions (69.3+2.3 vs.
65.4+2.8, p=0.02) but not for condition 1 (p=0.60) (Table 2).
When comparing the mean CDP-IVR score between the
experimental and control groups, there was a significant dif-
ference between baseline and six weeks later for condition
1 only (p=0.03) (Table 2). Results indicated the 894 out of
928 responded “yes” on daily exercise reminders through

Qualtrics program for assessment of compliance with the
home exercise program (96%).

Discussion

The purpose of this study was to measure the effect of vestibu-
lar adaptation exercises on adults with sub-clinical chronic mo-
tion sensitivity. Postural stability was measured using CDP-IVR.
Results supported the hypothesis that vestibular adaptation

exercises would improve postural stability in participants with

a history of sub-clinical chronic motion sensitivity.

Motion sensitivity has been defined as“a disturbing sense
of vertigo or dizziness associated with head movement” that
is often caused by vestibular dysfunction [9]. Furthermore,
Akiduki et al., reported that motion sensitivity and postural
instability are caused by a visual-vestibular conflict [4]. Spe-
cifically, the authors suggest an over-reliance on the visual
system with a residual deficit of the vestibular system.

Significant improvements in symptomes, disability, balance,
postural stability, and fall reduction have been reported after
performing vestibular adaptation exercises in patients with
vestibular dysfunction [18,19]. Although the population in
the current investigation did not have medically diagnosed
vestibular dysfunction, they did report chronic motion sen-
sitivity causing them to avoid certain activities. The authors
suggest a sub-clinical vestibular dysfunction exists in some
people with undiagnosed chronic motion sensitivity. Given the
evidence supporting vestibular adaptation exercises improving
vestibular dysfunction, the authors proposed strengthening
the vestibular system using adaptation exercises in the experi-
mental group and measuring the effects of postural stability,
which is a component of motion sensitivity. The use of CDP-IVR
provided a visually challenging sense of moving for study par-
ticipants with a potential over-reliance on their visual system.

Because of the visually challenging environment caused
by the CDP-IVR, familiarization of the testing conditions may
explain the improvements observed in both experimental and
control groups time [28]. However; the averaged results after
6 weeks between both test conditions and between groups
was greater in the experimental group.

Limitations include not using a validated motion sensitivity
subject report to correlate subjective and objective findings
in adults with chronic motion sensitivity. Akiduki et al., indi-
cated that there was a variance between “subjective reports of

Table 2. Mean (SE) of postural stability (ES) for both groups by condition over time (N=50).

Group Experimental Control

Pre Post P-value® Pre Post P-value* P-value®
Condition1  87.3(1.7) 90.4(1.2) 0.08 87.1(1.6) 86.9(1.2) 0.60 0.03
Condition2  39.9(4.8) 54.2(4.5) 0.001 43.8(4.6) 51.7(4.3) 0.03 0.51
Condition Av  63.6(2.9) 72.3(2.5) 0.002  65.4(2.8) 69.3(2.3) 0.02 0.29

Abbreviations: SE: Standard error; ES: Equilibrium Score); Av: Average
“P-values for the null hypothesis that there is a no significant difference between pre and post
PP-values for the null hypothesis that there is a no significant difference between the 2 groups



http://www.hoajonline.com/journals/pdf/2055-2386-3-1.pdf
http://dx.doi.org/10.7243/2055-2386-3-1

Alyahya et al. Physical Therapy and Rehabilitation 2016,
http://www.hoajonline.com/journals/pdf/2055-2386-3-1.pdf

doi: 10.7243/2055-2386-3-1

"

motion sickness or balance and objective postural instability
[4]. However, Cobb and Nichols reported a strong correlation
between self-reported symptoms of simulator sickness and
between postural instability and a self-reported of motion
sickness symptoms [6].

The low dosage of the adaptation exercises may have mini-
mized the improvements observed in our study. Studies recom-
mend that patients begin vestibular adaptation exercises with
tolerable velocity, repetitions, and frequency then progress
the exercises as able [26,27,29,30]. Additionally, to maximize
the benefits of vestibular adaptation exercises, it has been
suggested they be designed to reflect the patient-specific func-
tion and environment [31]. The range of vestibular adaptation
exercise programs has been reported as 3 to 10 weeks [31,32].

Recommendations for future research include the inclu-
sion of a standardized subjective assessment tool to quantify
the degree of motion sensitivity and it's impact on activities
of daily living. Also, more frequent direct observation of
the vestibular adaptation exercise program to improve the
quality of the exercise performance. Additionally, vestibular
adaptation exercises should be progressed including velocity,
amplitude, duration, frequency, and directionality of move-
ments to determine if more gains are possible.

Conclusion

Results of this study suggest that a minimal dosage of ves-
tibular adaptation exercises over a 6-week period improves
postural stability in younger adults with sub-clinical chronic
motion sensitivity. Further research is warranted to determine
if additional exercise progression will result in increased gains.
Older adult populations should also be included.
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