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ABSTRACT
Background: Postural control requires complex processing of peripheral sensory inputs from the visual, somatosenso-
ry and vestibular systems. Motion sensitivity and decreased postural control are influenced by visual-vestibular con-
flicts. The purpose of this study was to measure the difference between the postural control of healthy adults with and 
without history of sub-clinical chronic motion sensitivity using a computerized dynamic posturography in a virtual 
reality environment. 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.
Methods: Twenty healthy adults between 22 and 33 years of age participated in the study. Eleven subjects had sub-clin-
ical chronic motion sensitivity and 9 subjects did not. Postural control was measured in both groups using the Bertec 
Balance Advantage-Dynamic Computerized Dynamic Posturography with Immersion Virtual Reality (CDP-IVR). The 
CDP-IVR reports an over-all equilibrium score based on subjects’ center of gravity displacement and postural sway 
while immersed in a virtual reality environment. Subjects were tested on stable (condition 1) and unstable (condition 
2) platform conditions.
Results: There was no significant difference between the two groups in terms of mean age, height, weight, body mass 
index in kg/m2, postural control scores for conditions 2, and average (p>0.05). However, significant differences were 
observed in mean postural control for condition 1 between groups (p=0.03). 
Conclusions: Results of this study suggest that healthy young adults without chronic sub-clinical motion sensitivity 
have better postural control than those with chronic sub-clinical motion sensitivity. Further investigation is warranted 
to explore wider age ranges with larger samples sizes as well as intervention strategies to improve postural control.
Keywords: Motion sensitivity, motion sickness, postural control, balance, computerized dynamic posturography, vir-
tual reality
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INTRODUCTION
The ability to maintain balance is essential for everyday life. 
Postural control is the ability to maintain equilibrium and 
orientation in a gravitational environment [1]. It involves 
the control of body’s position in space in order to obtain 
stability and orientation [2]. Postural control is a complex 
process requiring central processing of peripheral senso-
ry inputs [3]. These peripheral sensory inputs include the 
visual, somatosensory and vestibular systems working to-
gether to maintain postural control [4].  Sensory input and 
processing conflicts, particularly between the visual and 
vestibular systems, can result in disturbance of postural 
control leading to disequilibrium and motion sickness [4]. 
Motion sickness, or motion sensitivity, is defined as dis-
orientation of space and is a common symptom related to 
dizziness and impaired postural control [5] [6].  Additional 
symptoms associated with motion sensitivity include nau-
sea, vomiting and cold sweating [6].  Motion sensitivity is 
affected by factors such as gender, age, psychological status, 
and environmental factors [7].  Motion sensitivity and im-
paired postural control can occur in healthy adults while 
exploring visual surroundings, particularly while standing 
on unstable surfaces [6].  
Hoffman et al reported that immersion virtual reality (IVR) 
is an false reality created in the mentality of the virtual re-
ality (VR) user with the help of advanced computer tech-
nology [8].  The virtual environment creates a false sense 
of movement by entering a computer-generated world with 
converging various multisensory inputs [8].  Motion sensi-
tivity and decreased postural control can be exacerbated in 
VR environment [6] [9] [10].  
The purpose of this study was to measure the difference 
between the postural control of healthy adults with and 
without any history of sub-clinical chronic motion sensi-
tivity using a VR environment. We operationally defined 
sub-clinical motion sensitivity as a history of avoiding 
activities causing dizziness, nausea, imbalance, and/or 
blurred vision without having a related medical diagnosis.
METHODS
Twenty healthy male and female subjects 22 to 33 years of 
age were recruited for the study. Eleven subjects reported 
sub-clinical chronic motion sensitivity and 9 subjects did 
not. Sub-clinical chronic motion sensitivity was operation-
ally defined as a history of avoiding activities causing diz-
ziness, nausea, imbalance, and/or blurred vision without 
having a related medical diagnosis. Subjects with sub-clin-
ical motion sensitivity were included if they responded 
“yes” to avoiding at least one of the following activities on 
the questionnaire: reading in a moving vehicle, traveling on 
winding roads, boats or ships, airplanes, horseback riding, 
roller coasters, and/or quick movements. Subjects with-
out sub-clinical chronic motion sensitivity reported “no” 
to all activities on the same questionnaire. Subjects were 
excluded if they reported cervical spine orthopedic impair-
ments, vestibular impairments, neurological pathology, or 
currently being on any medications causing dizziness or 

imbalance. All subjects signed a Loma Linda University’s 
Institutional Review Board approved informed consent 
prior to participation in the study.
Procedures
There were two groups in this study, eleven subjects in the 
sub-clinical chronic motion sensitivity group and 9 sub-
jects in the non-motion sensitivity group. Postural control 
was measured in both groups using the Bertec Balance Ad-
vantage-Dynamic Computerized Dynamic Posturography 
with Immersion Virtual Reality (CDP-IVR) [11].  See Fig-
ure 1. The CDP-IVR reports an over-all equilibrium score 
based on subjects’ center of gravity displacement and pos-
tural sway while immersed in a virtual reality environment 
[12] [13] [14].  
Postural control was measured under two conditions. Con-
dition 1 measured postural control on a stable forceplate 
with eyes open while focusing on a virtual reality infinite 
tunnel visual flow (Figure 1). The infinite tunnel provided 
the visual illusion that subjects were moving towards the 
tunnel in an anterior direction. Condition 2 included the 
additional challenge of an unstable forceplate. Each con-
dition lasted twenty seconds and was repeated three times 
and an average was calculated. 

Figure 1: Bertec Balance Advantage-Dynamic Comput-
erized Dynamic Posturography with Immersion Virtual 

Reality (CDP-IVR)

Statistical Analysis
Data was analyzed using SPSS Statistics Grad Pack 22.0 
PREMIUM for windows. Descriptive statistics was used to 
summarize the data. Data was reported as mean ± standard 
deviation (SD) for quantitative variables and frequency and 
percent (%) for categorical variables. Normality of quanti-
tative variables was examined using Kolmogorov Smirnov 
test and box plots. To compare the means of height, weight, 
and body mass index (BMI) between the two groups, an 
independent t-test was conducted.  Differences in mean 
age and postural control scores for all conditions (1, 2, and 
average) by group type were assessed using Mann-Whitney 
U test. The distribution of gender by group was examined 
using Fisher’s Chi- square test. The level of significance was 
set at p≤.05.



 Int J Physiother 2016; 3(1)	  								            Page | 3

RESULTS
There was no significant difference noted between the mo-
tion sensitivity (n1=11) and the non-motion sensitivity 
groups (n2=9) in terms of mean age, height, weight, BMIat 
baseline (p>0.05). Seven subjects (63.68%) in the motion 
sensitivity group were females compared to 4 female sub-
jects (44.4%) in the non-motion sensitivity group (p=0.34). 
See Table 1.
There was a significant difference in mean “Sensory Or-
ganization test (SOT)” for condition 1 between motion 
sensitivity and non-motion sensitivity group (85.1±10.8 
vs 92.1±2.3, p=0.03). However, there was no significant 
difference in mean SOT for condition 2 between the two 
groups (48.2±21.4 vs.55.3±20.1, p=0.23), and for average 
of the two conditions (66.7±15.0 vs. 73.7±10.6, p=0.09). 
See table 1, graph 1.

Table 1. Mean (SD) of general characteristics (n= 20)

Motion 
Sensitivity

(n1=11)

Non-Motion 
Sensitivity

(n2=9)
p –valuea

Female; n (%)c 7(63.6) 4(44.4) 0.34

Age (years)b 27.3(4.4) 26.7(3.9) 0.75

Height (inches) 65.1(3.5) 66.3(3.3) 0.43

Weight (lb) 151.5(27.3) 165.5(39.4) 0.36

BMI (kg/m2) 25.1(3.5) 26.4(6.0) 0.54

SOT condition 1b 85.1(10.8) 92.1(2.3) 0.03

SOT condition 2b 48.2(21.4) 55.3(20.1) 0.23

SOT averageb 66.7(15.0) 73.7(10.6) 0.09

Abbreviations: SD=Standard deviation; SOT=Sensory Or-
ganization Test
a  Independent t-test 
b  Mann-Whitney U test
c  Fisher’s Chi-Square

Graph 1. Mean± SE of postural control of sensory orga-
nization test for condition 1, condition 2, and condition 

average by type of group (N=20)
*Significant for Condition 1 (p=0.03); SE=Standard error

DISCUSSION
The purpose of this study was to measure the difference 
in postural control between healthy young adults with and 
without chronic sub-clinical motion sensitivity. Postural 
control was measured with CDP-IVR. The results suggest 
that young adults without chronic sub-clinical motion 
sensitivity have better postural control. The young adults 
with sub-clinical motion sensitivity had more postural 
sway during both testing conditions although only the first 
condition was significant. These results support previous 
reports that individuals with motion sensitivity have poor 
postural control making it difficult to disregard mislead-
ing visual input [15].  Subjects without motion sensitivity 
could rely on normal sensory integration during the CDP-
IVR infinite tunnel visual flow and were better able to 
maintain their balance. The motion sensitive subjects were 
likely dealing with an over reliant visual system and the vi-
sual-vestibular conflict contributed to increased difficulties 
in maintaining their balance. 
The results of the current investigation suggest that chron-
ic sub-clinical motion sensitivity impairs postural control 
in healthy young adults. Limitations of this study includ-
ed using a non-validated self-report activity avoidance 
questionnaire. Hironori et al reported a variance between 
“subjective reports of motion sickness or balance and ob-
jective decreased postural control” [5].  Alternatively, Cobb 
described a strong correlation between decreased postural 
control and self-reported symptoms of simulator sickness 
[4].  
CONCLUSION
Results of this study suggest that healthy young adults 
without chronic sub-clinical motion sensitivity have better 
postural control than those with chronic sub-clinical mo-
tion sensitivity. Further investigation is warranted to ex-
plore wider age ranges with larger samples sizes as well as 
intervention strategies to improve postural control.
Abbreviations
VR: Virtual reality
CDP-IVR: Computerized dynamic posturography with 
immersion virtual reality
SD: Standard deviation
SE: Standard error
BMI: Body mass index 
SOT: Sensory Organization Test 
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