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ABSTRACT

Introduction: Motion sickness can be triggered by illusions of passive motions such as,
from a moving visual background, transport modalities such as cars, trains, planes and
boats, as well as illusions of passive motion from video games, virtual reality and three-
dimensional videos, as per the latest trend of modern life. The exhibition of signs and
symptoms by these individuals vary according to the severity of motion sickness. Video
head impulse test, vestibular evoked myogenic potential and caloric tests are some of the
contemporary tests that have been used in the literature for the diagnosis of vestibular dys-
function in individuals with motion sickness.

Aim: The current study aims to systematically review the articles related to peripheral ves-
tibular dysfunction in individuals with motion sickness.

Method: Initially, a review search was performed in different databases. Searches across dif-
ferent databases resulted in 550 topic-related articles. A total of twelve articles met the inclu-
sion and exclusion criteria to meet the objectives of the study. The quality and potential risk
associated with each article were evaluated using the QUADAS-2 risk of bias assessment tool.
Results: The results of studies that have used vHIT indicate normal VOR gain in subjects
with motion sickness. However, a higher VOR gain asymmetry ratio was established in the
participants with motion sickness. And there are equivocal findings in terms of presence or
absence of refixation saccades in individuals with motion sickness. However, the studies
reviewed here have reported a dissociation between caloric test and peripheral vestibular
dysfunction in motion sickness. The results which delineated the findings of VEMP in par-
ticipants with motion sickness found that, in majority of the studies, the VEMP latencies,

amplitude and the interpeak amplitude and latency did not show a significant difference.



The studies also reported that individuals with motion sickness had elevated (worse)
thresholds compared to the control groups. Majority of the authors have also reported, an
elevated asymmetry ratio in groups with motion sickness compared to that of the control
groups.

Conclusion: Therefore it can be inferred from this systematic review that a peripheral ves-
tibular dysfunction prevails in individuals with motion sickness, and it can be found out

using an appropriate test battery and test protocol.
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CHAPTER-I

INTRODUCTION

Integration of vestibular, proprioceptive and visual systems is necessary for main-
taining spatial orientation. A conflict among the three systems leads to motion sickness, a
condition where there is a disagreement within these sensory input systems (Reason, 1975).
Motion sickness is a common disturbance or a normal physiological response generated by
unexpected passive movements based on previous experience (Koch et al., 2018). There
are various theories proposed on how motion sickness is caused, and one of the widely
accepted theories is the sensory conflict theory by Reason (1975) which was revised later
as the neural mismatch hypothesis (Reason, 1978). According to this hypothesis, motion
sickness is caused due to the conflict among three sensory systems (vestibular, visual and
proprioceptive) that are sensed by the central nervous system. It may also occur when there
is an intra-labyrinthine conflict, commonly referred to as canal-otolith conflict (Schmal et
al., 2013).

Motion sickness can be triggered by illusions of passive motions such as, from a
moving visual background, transport modalities such as cars, trains, planes and boats, as
well as illusions of passive motion from video games, virtual reality and three-dimensional
videos, as per the latest trend of modern life. The exhibition of signs and symptoms by
these individuals vary according to the severity of motion sickness. Subjects with motion
sickness mainly experience drowsiness, dizziness, discomfort, restiveness, repetitive
yawning, stomach awareness, nausea, pallor, sweating, headache, malaise, bradycardia, ar-

terial hypotension, vomiting, and apathy (Money, 1970; Reason, 1975; Murdin et al.,



2011). Individuals with motion sickness can also experience some other sign and symp-
toms such as lethargy, depression, and a decline in cognitive function as evidenced by de-
teriorated performance in several psychomotor tasks. The vulnerability to motion sickness
is influenced by senescence and genetic factors (Yates et al., 1998; Tal et al., 2006; Heer
& Paloski, 2006; Evans et al., 2007).

The precise root of motion sickness is not known, however as a general rule it may
be set off by environmental challenges in linear or angular accelerations (Buyuklu et al.,
2009). Few authors have classified the causes of motion sickness into two significant cat-
egories of sensory conflict. The first one is the incongruence between angular (from semi-
circular canals) and linear (from otolith organs) vestibular input, and the second one is
between visual and vestibular input (Bertolini & Straumann, 2016). There are different
forms of motion sickness such as car sickness (due to visual-vestibular conflict of stimuli),
sea sickness (due to unfamiliar, complex linear and angular accelerations of low fre-
quency), vehicle simulator sickness (due to optokinetic motion sickness), and space sick-
ness (due to incongruent sensory stimuli of the otoliths, semicircular canals (Buyuklu et
al., 2009).

Few studies in the literature have delineated vestibular system dysfunction in indi-
viduals with motion sickness. The video head impulse test is a contemporary tool that
gauges the function of each one of the six semicircular canals in individuals with various
vestibular pathologies. It has been reported that the VOR gain functions in persons with
motion sickness remain normal. However, the VOR gain asymmetry is higher in motion
sickness groups compared to their healthy matches (Neupane et al., 2018). The author also

reported the presence of both covert and overt saccades in motion sickness individuals.



However, Kilinc et al. (2020) have described abnormal VOR gain functions for all the
semicircular canals in individuals with motion sickness. Kumar and Sinha (2021) also re-
vealed no significant discrepancy in VOR gain between healthy individuals and those with
motion sickness. The authors also suggest that vHIT might not be an absolute technique to
judge the vestibular system in individuals with motion sickness.

There are also reports to suggest that VEMPs findings are abnormal in individuals
with motion sickness. Tal et al. (2006) described significantly higher threshold of VEMPs
in motion sickness compared to their healthy counterparts. Singh et al. (2014) also reported
a higher threshold and amplitude asymmetry ratio of cVEMP in motion sickness. Fowler
et al. (2014) reported that subjects who were greatly susceptible to motion sickness had a
larger c-VEMP amplitude than those participants in the low susceptibility group. However
all the authors report that there is no significant change in terms of latency of VEMP in
motion sickness. However the caloric responses are affected only in a very small proportion
of the subjects with motion sickness (Mallinson and Longridge, 2002; Byukulu et al.,
2009).

1.1 Need of the study

Though time-consuming, systematic reviews compile many scientific studies into
a single piece of literature in a well-ordered manner. This makes the unmanageable data
conveniently accessible to the researchers (Khan et al., 2003). Several authors have re-
ported possible peripheral vestibular dysfunction in participants with motion sickness using
different tests (Neupane et al., 2018, Kilinc et al., 2020, Singh et al., 2014). Therefore, a
compilation of several researches shedding light on the topic, on how test results differ

amongst researchers and how different tests are manifested in case of motion sickness,



would be beneficial to researchers. No systematic review has been done on this topic to
date; thus, systematically reviewing and summarizing the findings regarding the possible
vestibular dysfunction in motion sickness will provide the information under a single title.
Hence it would be beneficial clinically and for those working in this research area. Integra-
tion of these accumulating data will also act as a quick guide that provides direct insight
into the topic rather than searching all the relevant articles related to the same (Pearson et
al., 2014).
1.2 Aim of the study

The current study aims to systematically review the articles related to peripheral
vestibular dysfunction in individuals with motion sickness.
1.3 Review question

The review question of this study was whether individuals with motion sickness
have peripheral vestibular dysfunction or not.
1.4 Objective of the study

The objective of the study was to systematically review and summarize the findings
of articles related to peripheral vestibular dysfunction and motion sickness and to charac-
terize the following parameters:

1) The saccades and VOR findings of VHIT in individuals with motion sickness.

2) Latency, amplitude and asymmetry ratio of VEMP findings in individuals with

motion sickness

3) Caloric test findings include slow phase velocity of the nystagmus, directional

preponderance and unilateral weakness in individuals with motion sickness.



CHAPTER-II

METHOD

The main aim of the study was to systematically review and summarize peripheral
vestibular test findings in participants with motion sickness. To achieve this aim, in the
study's first phase, a detailed electronic search was done to find out the literature related to
the peripheral vestibular test findings in motion sickness. In the second phase, the results
were summarized.

2.1 Searches

A literature search was conducted in the following electronic bibliographic data-
bases: Google Scholar, Pubmed Central, Ovid Medline and Cochrane Library. The articles
that defined peripheral vestibular dysfunction in individuals with motion sickness were
considered for the preliminary search. No limits were placed on the date of publication.
The exploration were limited to studies with full-text availability, published in English,
and including human subjects. The search was also conducted just before the final analysis
to identify more studies to be included. Search words such as "motion sickness, Head Im-
pulse Test in motion sickness, VEMP in motion sickness, vestibular dysfunction in motion
sickness, sea sickness and peripheral vestibular dysfunction, air sickness and peripheral
vestibular dysfunction, caloric test in motion sickness, Dynamic Visual Acuity in motion
sickness, etc.” were entered into different databases, in various combinations with the use
of Boolean operators such as AND, OR and NOT.

2.2 The types of studies included
Study designs included retrospective and prospective observational studies, cross-

sectional studies, case series, and randomized clinical trials. The research included original



research data only. Any other systematic reviews and studies with less than 5 participants
were excluded from the present study.

2.3 Condition or domain being studied

Evaluation of peripheral vestibular system, which included,

1. Evaluation of semicircular canal function

2. The function of otolith organs

3. Evaluation of superior and inferior vestibular nerves in individuals with motion

sickness
2.4 Participants/ Population
Inclusion Criteria:

Studies that describe any individuals with motion sickness, of any age range, pre-
senting with vestibular signs and symptoms were included. Studies that described the pe-
ripheral vestibular test findings in motion sickness were particularly included.

Exclusion Criteria:

Studies describing individuals with other neurological and co-morbid disorders
were excluded from the study. Review studies and case studies of less than five subjects
were excluded. Studies that described central vestibular tests findings in individuals with
motion sickness were also excluded.

2.5 Interventions and Exposures
The studies included the individuals with motion sickness tested using:

Cervical Vestibular Evoked Myogenic Potential (C(VEMP), Ocular Vestibular

Evoked Myogenic Potential (0VEMP), Video Head Impulse Test (vHIT), Dynamic Visual

Acuity (DVA) test and Caloric test.



2.6 Analysis
2.6.1 Data Extraction (Selection and coding)

Two review authors had screened titles and abstracts of all the obtained articles
from different databases independently to narrow down the studies that most likely met the
inclusion criteria. Any discrepancies or disagreements were resolved by consensus be-
tween the authors. Only the articles fulfilling the inclusion criteria were taken up for further
analysis and other articles were excluded. The reference list of the included studies was
further reviewed to obtain additional relevant articles. The full text of these potentially
eligible articles was extracted and screened for eligibility by two review authors. Any dis-
crepancies or disagreements regarding the methodology of the article were resolved by
consensus between both the authors. The missing data were requested from the study au-
thors. The risk of bias was considered, and the assessment for the same was carried out
independently by the two reviewers. All the selected articles were screened in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
standards (Page et al., 2022).

2.6.2 Risk of bias (quality) assessment

Reviewer bias was overcome by involving two independent reviewers at each
screening stage, and the disagreements were dealt with through discussions. Quality As-
sessment of Diagnostic Accuracy Studies (QUADAS-2), an evidence-based quality analy-
sis tool, was used to assess the risk of bias in the studies that were included, by two inde-
pendent authors. QUADAS-2 was specifically developed to be used in systematic reviews

of diagnostic accuracy studies, with four critical domains, including patient selection, index



test(s), reference standard, and flow and timing (Whiting et al., 2011). Studies with a higher
risk of bias were excluded from further analysis and interpretation, or their results were
qualified depending on the nature and potential impact of the bias.

QUADAS, was explicitly developed for systematic reviews in 2003, which was
later upgraded to QUADAS-2 in 2011. It consists of four key domains: patient selection,
index test, reference standard, and flow and timing. All four domains were assessed re-
garding their risk of bias, and the initial three domains regarding their concerns about ap-
plicability. The assessment provided the degree to which the diagnostic accuracy avoided
the risk of bias and the extent to which the primary studies were applicable to this review.
Each of these domains has a set of signalling questions making a total of 11 questions in
the entire tool, which are listed below. Each question assessing the risk of bias was rated
either yes/no or deemed unclear. If the domains have maximum ‘yes’ responses, it was
judged as having a low risk of bias, and if it has more ‘no’ responses, it was considered
having a high risk of bias. If the signalling questions lead to ‘unclear’ responses, the domain
was considered to have an unclear risk of bias. Concerns regarding applicability were also
evaluated as ‘low/high/unclear’ concerns.

Domain 1: Patient selection

1. Was a consecutive or random sample of patients enrolled?
2. Was a case-control design avoided?
3. Did the study avoid inappropriate exclusions?

Domain 2: Index test (s)

1. Were the index test results interpreted without knowledge of the results

of the reference standard?



2. If a threshold was used, was it pre-specified?
Domain 3: Reference standard
1. Is the reference standard likely to correctly classify the target
condition?
2. Were the reference standard results interpreted without
knowledge of the results of the index test?
Domain 4: Flow and timing
1. Was there an appropriate interval between index test (s) and
reference standard?
2. Did all patients receive a reference standard?
3. Did all the patients receive the same reference standard?
4. Were all the patients included in the analysis?

After obtaining the individual rating for each question, the percentage of yes was

calculated for each study as a whole by finding the total number of ‘yes’ out of 11 ques-

tions. This was further used to categorize the studies according to the percentage of positive

answers in the questions which is extrapolated from the risk of bias assessment guidelines

given by The Joanna Briggs Institute (Moola et al., 2015). They considered a higher risk

of bias when only up to 49% of the answers were “yes”, moderate when 50%—69% of the

answers were “yes”, and low when more than 70% of the answers were “yes”.

2.6.3 Analysis of subgroups or subsets

Correlation between different test findings were also studied.
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CHAPTER-III

RESULTS

3.1 Studies selection

Searches across different databases, including Google Scholar, PubMed, Cochrane
library and Ovid Medline resulted in 550 topic-related records. One hundred and ninety-
eight records were identified and screened after duplicate removal. Considering the exclu-
sion criteria, unavailability of full-text articles, studies reported in languages other than
English, case reports, and reviews, 146 articles were excluded, which led to the full-text
screening of 52 articles. In 32 articles, the patients were not diagnosed as having motion
sickness but were only mentioned as having slight imbalance and dizziness. So these thirty-
two articles were also excluded from the study. Eight articles were excluded from the re-
maining 20 studies as the participants had underlying neurological disorders and other co-
morbid conditions. Finally, twelve articles were included for this systematic review. The
process of screening and the reasons for exclusion are depicted in the PRISMA flow dia-

gram (Figure 3.1)
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Pubmed (n=95)

Records that were identified
through database searching
(n=550)

Google Scholar (n=304)

Cochrane Library (n=17)

v
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Ovid Medline (n=134)

Records after duplicates removed
(n=198)

\ 4

Records that were screened
(n=198)

A 4

Full text articles that were as-
sessed for eligibility
(n=52)

Records excluded
(n=146)

Reasons for exclusion:

Unavailability of full text,
Language other than English,
Case reports and reviews, stud-
ies with participants having
other co-morbid conditions.

\ 4

Studies that were included in qual-
itative synthesis
(n=12)

Full text articles excluded with
reasons
(n=40)

32 articles were excluded be-
cause the patients were not di-
agnosed as having motion
sickness, but were only men-
tioned as having slight imbal-
ance or dizziness.

5 articles were excluded be-
cause the patients were having
associated neurological condi-

tions.

3 articles were excluded be-
cause the patients were having
other co-morbid conditions.

PRISMA chart for Systematic Reviews and Meta-Analyses (PRISMA)
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3.2 Risk of bias

QUADAS-2 was administered finally to twelve included articles. Risk of bias in-
volved in different domains, including patient selection, index tests, reference standard,
and flow and timing were checked. The major risk was seen in the domain of ‘reference
standard’. The risk of bias for all the study are shown in Table 3.1.
Table 3.1

Risk of Bias assessment for the twelve studies included in the systematic review

Risk of Bias Applicability of Concern
Sl Study Patient Index  Refer- Flow Patient Index  Refer- Per-
No. selection test ence and selec- test ence cent-
stand-  timing tion stand-  age of
ard ard “yes”

1. Naelfj?zaonlest)et 7%)52
2. Kumar and 72.72
S ® © @ i
B %
- s

6. Tal et al. 63.63

(2007) %

®
®,
©
6
®,
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b @ ® =

A kS

e ® ® =

0 kS

b ® %
(2002)

Icon illustration: @ Indicates domains with a low risk of bias and ® or indicates domains
with a high risk of bias.

The proportion of studies with a low or high risk of bias and the proportion of studies
with low or high concerns regarding applicability are graphically represented in Figures 3.2

and 3.3, respectively.
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QUADAS-2 (RISK OF BIAS)

Flow and timing

Reference standard

Index test

QUADAS-2 DOMAINS

Patient selection

o

20 40 60 80 1

o

0

Proportion of studies with a low or high risk of bias in percentage

H low M High

Figure 3.2

Proportion of studies with a low or high risk of bias.

QUADAS-2 (Applicability concerns)

Reference standard
Index test

Patient selection

QUADAS-2 DOMAINS

o

20 40 60 80 100

Proportion of studies with low or high concerns regarding
applicability

Hlow HHigh

Figure 3.3

Proportion of studies with low or high concerns regarding applicability.
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3.3 Characteristics of the selected studies:

All the articles included in this study have compared tests like vHIT, Caloric test
and VEMP test results with either normal groups or other tests. In the area of interest,
studies that used DVA testing on motion sickness individuals was unavailable. Hence it
was not included. The number of participants with motion sickness varied between fifteen
to two hundred in each study. The characteristics of the studies, including the number of
participants, the age range of the participants, tests and questionnaires used to diagnose
motion sickness and the results obtained in the groups included are mentioned in Table 3.2.

Table 3.2

Characteristics of the selected studies:

Sl Title Year No.of par- MSgroups  Tests/ Results obtained
no and Au- ticipants diagnosed  parame-
thors & age using ter of in-
range terest
1.  Neupane 2018 60 MSSQ-S VHIT, Lower VOR gain
etal cVEMP inonly RA and LP
17-25years SCC:

RA SCC Mean
0.83,SD 0.22
LP SCC Mean
0.79,SD 0.19
Higher asymmetry
ratio :
Lateral Mean
10.73, SD 8.75
LARP Mean 15.30
SD9.31
RALP Mean 21.20,
SD 13.36
Presence of refixa-
tion saccades in all
6 SCC in MS
group.
cVEMP asymmetry
ratio :
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Higher in MS
group Mean 34.56,
SD 11.91

Non-MS group
Mean 17.60, SD
13.21

No significant dif-
ference in cVEMP
P1N1 latencies and

amplitude.
Fatma 2020 60 Routine VHIT Lower VOR gain
MEN ENT exami- in individuals with
KILINGC, >18 years nations MS :
Mesut RL SCC 0.75
KAYA (x0.408)
Tugba LL SCC0.73
EMEKC (x0.329)
Deniz RA SCC 0.65
Ugur (£0.238)
CENGIZ LA SCC 0.82
(x0.247)
RP SCC 0.52
(x0.327)
LP SCC 0.58
(x0.360)
Higher asymmetry
ratio for Anterior
SCC in MS group :
33.80 (+26.385)
Rakesh 2021 58 MSSQ VHIT No significant dif-
T. Ku- (Golding, HIMP &  ferences in VOR
mar and 18-25 years  2006) SHIMP  gain and the asym-
Sujeet metry ratio be-
Kumar tween both groups :
Sinha HIMP-R 1.08 SD
0.14
HIMP-L 1.03 SD
0.13

SHIMP-R 0.80 SD
0.16
SHIMP-L 0.77 SD
0.13
AR HIMP 8.36 SD
5.12



https://pubs.asha.org/doi/abs/10.1044/2021_AJA-21-00009
https://pubs.asha.org/doi/abs/10.1044/2021_AJA-21-00009
https://pubs.asha.org/doi/abs/10.1044/2021_AJA-21-00009
https://pubs.asha.org/doi/abs/10.1044/2021_AJA-21-00009
https://pubs.asha.org/doi/abs/10.1044/2021_AJA-21-00009
https://pubs.asha.org/doi/abs/10.1044/2021_AJA-21-00009
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AR SHIMP 12.93
SD 10.53

Mallin-
son Al,
Lon-
gridge
NS.

2002

A prospec-
tive study
with 200 in-
dividuals

Caloric
test

Based on
how long
reading in a
moving car
is possible.

Caloric scores (i.e.,
semicircular canal
[SCC] response)
and motion sensi-
tivity had no cor-
relation between
them :

Group 1 mean ca-
loric score 39.5
(not carsick)
Group 2 mean ca-
loric score 42.0
(a little carsick)
Group 3 mean ca-
loric score 44.0
(very carsick)

Fowler et 2020
al

50

mean age
23.9 years

MSSQ-S SPV-
Caloric

test

Low susceptibility
group depicted
slowest slow phase
velocity

RC SPV (°/s) 11.3,
SD7.1

RW SPV (°/s) 10.6,
SD 3.8

LC SPV (°/s) 13.5,
SD 6.1

LW SPV (°/s) 13,
SD 5.2

Caloric responses
and the degree of
MS susceptibility
had positive corre-
lations between
them.

Byukulu 2009

et al

40

19-33 years

c-VEMP
& bither-
mal ca-

loric test

MSSQ

In c-VEMP no sta-
tistically significant
difference was
found between
both groups for
P1N1 latencies,
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amplitude and in-
terpeak amplitude
and latencies.

No statistically sig-
nificant differences
for canal paresis
between the two
groups

Fowler et
al

2014

24

20-24 years

MSSQ-S

cVEMP

Larger cVEMP
amplitudes in high
susceptibility group
and no significant
between-ear differ-
ence

High-Right : 98.13
(SD 34.29)

Left: 95.25 (SD
47.75)

Low- Right : 62.11
(SD 22.08)
Left:53.11 (SD
29.57)

Asymmetry ratio
and latencies were
not significantly
different across MS
groups.

Tal et al

2007

24

19-24 years

Wiker ques-
tionnaire

cVEMP

No differences
were found be-
tween the groups in
latencies, ampli-
tudes, inter-peak
latencies, and peak-
to-peak asymmetry
ratios

Susceptible group
had asymmetry ra-
tios > 35% gener-
ally, but wasn’t sta-
tistically significant

Nooij et
al

2011

15

Misery
Scale
(MISC)

cVEMP
& caloric
test

No significant dif-
ferences were




19

22 to 50
years

found in the abso-
lute latencies and
the peak to peak
amplitude.
Latency:
pl3:158+1.4
n23:23.6 £2.0
Corrected peak to
peak amplitude:
1.3£0.8

10.

Singh et
al

2014

90

18-40 years

MSSQ-S

oVEMP
cVEMP

Higher (worst)
thresholds and
larger asymmetry
ratio in both tests.
Latencies and am-
plitude have no sig-
nificant differ-
ences.

11.

Tal et al

2006

30

19 to 23
years

Wiker ques-
tionnaire

cVEMP

p13-n23 inter am-
plitude signifi-
cantly different be-
tween the groups :
SS group -

252.50 £ 162.45
NSS group -
365.70 £176.73
Similar results
were found for the
n23 peak amplitude

SS group - 151.19
+96.17

NSS group -
235.01 +120.61
Thresholds were
greater for the SS
group:

SS group - 84.43 +
6.56

NSS group - 77.33
+49

12.

Xie et al

2012

54

MSSQ

oVEMP

No statistically sig-
nificant differences
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19-24 between the two

years groups in oVEMP
absolute and in-
terpeak latencies,
interpeak ampli-
tude and asym-
metry ratios.
Trend towards
greater asymmetry
ratios in the MS
susceptible group
(not significant)
than in the MS
non-susceptible
group :
(18.55, SD 10.24%
vs. 13.25, SD
9.47%).

MSSQ-S: Motion Sickness Susceptibility Questionnaire- Short , vHIT: Video Head Im-
pulse Test, cVEMP: Cervical Vestibular Evoked Myogenic Potential, oVEMP: ocular Ves-
tibular Evoked Myogenic Potential, VOR gain: Vestibulo Ocular Reflex gain, SCC: Semi
Circular Canals, LARP: Left Lateral Right Posterior, RALP: Right Anterior Left Poste-
rior, MS: Motion Sickness, SS: Sea sickness, NSS: Non sea sickness, RA: Right Anterior,
LA: Left Anterior, RP: Right Posterior, LP: Left Posterior, RL: Right Lateral, LL: Left
Lateral, HIMP: Head Impulse Paradigm, SHIMP: Suppression Head Impulse Paradigm,
AR: Asymmetry Ratio, RC: Right Cold, LC: Left Cold, RW: Right Warm, LW: Left Warm,

SPV: Slow Phase Velocity.

3.4 Video Head Impulse test and Motion Sickness
Among the 12 records that was included in the study, three studies described find-

ings of VHIT in participants with motion sickness. The parameters studied in vHIT included



21

VOR gain, asymmetry ratio and presence of refixation saccades. One study analyzed the
VOR gain in both HIMP and SHIMP.

3.4.1 Vestibulo Ocular Reflex gain (VOR gain)

The most studied video head impulse test parameter is the VOR gain. Neupane et
al. (2018) found the VOR gain in 60 participants aged 17-25 years. The participants were
split into two groups, with 30 participants in each group. Group | had participants with
motion sickness, and Group Il had participants without motion sickness. The MSSQ-S
questionnaire was used to diagnose the group as having motion sickness. Neupane et al.
(2018) reported that the mean VOR gain of only right anterior semicircular canal and the
left posterior semicircular canal was statistically lower in individuals with motion sickness
than that of the non-motion sickness group. It was also found that the individuals with
motion sickness had an elevated VOR gain asymmetry ratio than that of the non-motion
sickness group in all the three planes.

Kilinc et al. (2020) studied the VOR gain in thirty individuals with motion sickness.
The results suggested that the motion sickness group had statistically lower VOR gain for
all semicircular canals than the non-motion sickness group. The author also reported a
higher asymmetry ratio for only the anterior SCC in the motion sickness group in compar-
ison to the non-motion sickness group. No statistically significant difference was estab-
lished in the asymmetry ratio of other canals.

Kumar and Sinha (2021) studied the VOR gain in 29 individuals with motion sick-
ness and in 29 without motion sickness. The diagnosis of motion sickness was done using
MSSQ. The vHIT was done in both HIMP and SHIMP mode. The results suggested no

difference in VOR gain between motion sickness and non-motion sickness individuals. It
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was also reported that there was no significant difference in VOR gain asymmetry between
motion sickness and non-motion sickness group.
3.4.2 Presence or absence of Refixation Saccades:

Among the three studies which used VHIT to assess the semicircular canal func-
tioning in individuals with motion sickness, only Neupane et al. (2018) reported the exist-
ence of refixation saccades in individuals with motion sickness.

3.5 Caloric test and Motion Sickness.

Among the twelve records included in the study, only three studies described ca-
loric test findings in individuals with motion sickness. Mallinson and Longridge (2002)
studied the caloric responses of 200 participants. The participants were further subdivided
into three groups. Group 0 had participants with no motion sickness in a moving car; Group
1 were individuals with a little motion sickness and Group 2 had extreme motion sickness.
Group 1 mean caloric score was 39.5 (not carsick group), Group 2 mean caloric score was
42.0 (alittle carsick group) and Group 3 mean caloric score was 44.0 (very carsick group).
When the caloric responses were assessed, significant difference between 3 groups of in-
dividuals between the caloric scores (i.e., semicircular canal [SCC] response) and motion
sensitivity, were not found.

Fowler et al. (2020) studied the slow phase velocity of fifty participants with motion
sickness. Participants were diagnosed as having motion sickness using the MSSQ-S. Par-
ticipants were split into three groups based on the percentile they scored. Participants who
scored more than 75% were placed in the high susceptibility group and those who scored
25% - 75% were placed in the mild or moderate susceptibility group and those scoring

below 25% were placed in the low susceptibility group (Golding, 2006). The results of the
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study revealed the slowest slow phase velocity in low susceptibility group and vice versa.
A positive correlation was obtained between the caloric responses and the degree of motion
sickness susceptibility.

Byukulu et al. (2009) studied the canal paresis in forty individuals with and without
motion sickness. Each group comprised of twenty participants each. Motion sickness was
diagnosed using MSSQ. They found no statistically significant differences for canal paresis
between the two groups.

3.6 Vestibular Evoked Myogenic Potential (VEMP) test and Motion Sickness.

Among the twelve records that was included in the study, eight studies described
findings of VEMP in individuals with motion sickness. Among these eight records, only
two studies have investigated oVEMP in motion sickness and the rest of the studies have
used cVEMP as the assessment tool. The parameters studied in cVEMP included: thresh-
old, PIN1 latency, PIN1 amplitude, interpeak amplitude and latency and asymmetry ratio.
The parameters studied in oVEMP included N1P1 latency, N1P1 amplitude, interpeak am-
plitude and latency and asymmetry ratio.

3.6.1 VEMP latency

Neupane et al. (2018) found out the cVEMP latencies in sixty participants whose
age ranged from 17-25 years. The study consisted of two groups with thirty participants in
each group. Group | had participants with motion sickness and Group Il had participants
without motion sickness. The MSSQ-S questionnaire was used to diagnose the group as
having motion sickness. The authors found no significant difference in the cVEMP P1N1

latencies between the two groups of individuals.
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Byukulu et al. (2009) studied the P1N1 latencies in forty individuals aged 19-33
years. They were split into two groups of with and without motion sickness individuals, of
twenty participants each. They were diagnosed using MSSQ. In cVEMP a statistically sig-
nificant difference was not found between the two groups for PIN1 latencies.

Fowler et al. (2014) studied the cVEMP P1N1 latency in twenty four subjects aged
20-24 years. They were divided into MS susceptibility groups of low, mild/moderate and
high by using the MSSQ-S. The analysis revealed that latencies were not significantly dif-
ferent across the MS groups.

Tal et al. (2007) studied the cVEMP P1N1 latencies in twenty four sea sickness
susceptible individuals aged 19-24 years. They were divided into ten sea sickness suscep-
tible individuals and fourteen non sea sickness susceptible individuals. Sea sickness was
confirmed using the Wiker questionnaire. No statistical differences were found in P1N1
latencies between the groups.

Nooij et al. (2011) studied the cVEMP latency of fifteen participants who were in
the age range of 22-50 years. They were categorized into two groups based on the Misery
Scale (MISC). Eight individuals were SIC susceptible and seven individuals were non-SIC
susceptible, in the study. When the results were analyzed no significant differences were
found in the absolute latencies between both the groups.

Singh et al. (2014) studied both oVEMP and cVEMP latencies in ninety individuals
aged 18-40 years. They were divided into three groups with thirty participants in each
group. Group | consisted of thirty non susceptible motion sickness individuals, Group Il
consisted of professional drivers and Group 11 consisted of motion sickness individuals.

They were diagnosed as having susceptibility to motion sickness using the MSSQ-S. No
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differences were found in PIN1 and N1P1 latencies of cVEMP and oVEMP, respectively,
between the groups.

Xie et al. (2012) studied the o VEMP N1P1 latencies in fifty four individuals aged
19-24 years. They were categorized into two groups wherein 1 group had thirty one motion
sickness susceptible individuals and the second group had twenty three motion sickness
non susceptible individuals. MSSQ was used to diagnose the group with MS. No statisti-
cally significant differences were found in N1P1 latencies between the two groups.

3.6.2 VEMP amplitude

Neupane et al. (2018) found out the cVEMP amplitude in sixty participants aged
17-25 years. The study comprised of two groups with thirty participants each. Participants
with motion sickness were admitted into Group | and the participants without motion sick-
ness were admitted into Group Il. The MSSQ-S questionnaire was used to diagnose the
group as having motion sickness. The authors found no significant difference in the
cVEMP P1N1 amplitude.

Fowler et al. (2014) studied the cVEMP P1N1 amplitude in twenty four subjects
aged 20-24 years. They were divided into MS susceptibility groups of low, mild/moderate
and high by using the MSSQ-S. The analysis revealed that amplitude was significantly
larger in the high MS susceptible group compared to the other groups and no significant
ear difference was found in this study.

Byukulu et al. (2009) studied the PAN1 amplitude in forty individuals aged 19-33
years. They were separated into two groups of with and without motion sickness individu-
als, of twenty participants each. They were diagnosed using MSSQ. In cVEMP a statisti-

cally significant difference was not found between the two groups for PLN1 amplitudes.



26

Tal et al. (2007) studied the cVEMP P1N1 amplitudes in twenty four sea sickness
susceptible individuals whose age ranged from 19-24 years. They were divided into ten sea
sickness susceptible individuals and fourteen non sea sickness susceptible individuals. Sea
sickness was confirmed using the Wiker questionnaire. No significant differences were
found in the PAN1 cVEMP amplitudes between the groups.

Nooij et al. (2011) studied the cVEMP amplitude of fifteen participants aged 22-50
years. They were categorized into two groups based on the Misery Scale (MISC). Eight
individuals were SIC susceptible and seven individuals were non-SIC susceptible. No sig-
nificant differences were found in the corrected peak to peak amplitude between both the
groups.

Singh et al. (2014) studied both oVEMP (N1P1) and cVEMP (P1N1) amplitude in
ninety individuals aged 18-40 years. They were separated into three groups with thirty par-
ticipants each. Group | consisted of thirty non susceptible motion sickness individuals,
Group Il consisted of professional drivers and Group Il consisted of motion sickness in-
dividuals. They were diagnosed as having susceptibility to motion sickness using the
MSSQ-S. No differences were found in the amplitudes of PAN1 and N1P1 of cVEMP and
oVEMP, respectively, between both the groups.

Tal et al. (2006) studied the PLN1 amplitude of thirty participants aged 19-23 years.
They were subdivided into two groups. The sea sickness susceptible group had fifteen sea
sickness susceptible male individuals and the non-sea sickness susceptible group consisted
of fifteen non sea sickness susceptible male individuals, among Navy ship crew members.
They were diagnosed as having sea sickness using the Wiker questionnaire. It was found

that the n23 peak amplitude was significantly different in both groups. The sea sickness
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group had significantly reduced amplitude of n23 peaks than the non-sea sickness suscep-
tible group.

Xie et al. (2012) studied the oVEMP N1P1 amplitude in fifty four individuals aged
19-24 years. They were subdivided into two groups wherein 1 group had thirty one MS
susceptible individuals and the second group had twenty three motion sickness non sus-
ceptible individuals. MSSQ was used to diagnose the group with motion sickness. No sta-
tistically significant differences were found in N1P1 amplitude between the two groups.
3.6.3 VEMP interpeak amplitude and latency

Byukulu et al. (2009) studied the cVEMP interpeak amplitude and latency in forty
individuals aged 19-33 years. They were subdivided into two groups of with and without
motion sickness individuals, of twenty participants each. They were diagnosed using
MSSQ. In cVEMP a statistically significant difference was not found between both groups
for interpeak amplitude and latency.

Tal et al. (2007) studied the cVEMP interpeak latencies in twenty four sea sickness
susceptible individuals aged 19-24 years. They were further subdivided into ten sea sick-
ness susceptible individuals and fourteen non sea sickness susceptible individuals. Sea
sickness was confirmed using the Wiker questionnaire. No significant differences were
found in the interpeak latencies of cVEMP between the groups.

Tal et al. (2006) studied the cVEMP interpeak amplitude of thirty participants aged
19-23 years. They were subdivided into two groups; the sea sickness susceptible group had
fifteen sea sickness susceptible male individuals and the non-sea sickness susceptible group
consisted of fifteen non sea sickness susceptible male individuals, among Navy ship crew

members. They were diagnosed as having sea sickness using the Wiker questionnaire. It
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was found that the p13-n23 interpeak amplitude was significantly different between the
groups. The study revealed that the sea sickness susceptible group had a significantly lower
interpeak amplitude than the non-sea sickness susceptible group.

Xie et al. (2012) studied the oVEMP interpeak amplitude and latency in fifty indi-
viduals aged 19-24 years. They were further subdivided into two groups wherein one group
had thirty one motion sickness susceptible individuals and the second group had twenty
three non-susceptible motion sickness individuals. MSSQ was used to diagnose the group
with motion sickness. No statistically significant differences were found in interpeak am-
plitudes and latencies between the two groups.

3.6.4 VEMP threshold

Singh et al. (2014) studied both oVEMP and cVEMP thresholds in ninety individ-
uals aged 18-40 years. They were parted into three groups with thirty participants each.
Group | comprised of thirty non susceptible motion sickness individuals, Group Il con-
sisted of professional drivers and Group 111 consisted of motion sickness individuals. They
were diagnosed as having susceptibility to motion sickness using the MSSQ-S. Both
oVEMP and cVEMP thresholds were recorded. It was found in the analysis that the motion
sickness group had the significantly higher (worse) thresholds compared to the other two
groups, in both oVEMP and cVEMP.

Tal et al. (2006) studied the cVEMP thresholds of thirty participants aged 19-23
years. They were categorized into 2 groups. The sea sickness susceptible group had fifteen
sea sickness susceptible male individuals and the non-sea sickness susceptible group con-
sisted of fifteen non sea sickness susceptible male individuals, among Navy ship crew

members. They were diagnosed as having sea sickness using the Wiker questionnaire. It
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was found that the cVEMP thresholds were significantly different between the groups. The
sea sickness group had a significantly higher threshold than the non-susceptible sea sick-
ness group.

3.6.5 VEMP asymmetry ratio

Neupane et al. (2018) found out the cVEMP asymmetry ratio in sixty participants
aged 17-25 years. They were further subdivided into two groups with thirty participants in
each group. Participants with motion sickness were comprised in Group | and Group I
comprised of participants without motion sickness. The MSSQ-S questionnaire was used
to diagnose the group as having motion sickness. When the asymmetry ratio was analyzed
it was found that it was higher in the motion sickness group than that of the non-susceptible
motion sickness group.

Fowler et al. (2014) studied the cVEMP asymmetry ratio in twenty four subjects
aged 20-24 years. They were divided into motion sickness susceptibility groups of low,
mild/moderate and high by using the MSSQ-S. The study revealed that asymmetry ratio
were not significantly different across motion sickness groups.

Tal et al. (2007) studied the cVEMP asymmetry ratio in twenty four sea sickness
susceptible individuals aged 19-24 years. They were divided into ten sea sickness suscep-
tible individuals and fourteen non sea sickness susceptible individuals. Sea sickness was
confirmed using the Wiker questionnaire. It was found that the susceptible group had asym-
metry ratios greater than 35% generally, but wasn’t statistically significant.

Singh et al. (2014) studied both oVEMP and cVEMP AR in ninety individuals aged
18-40 years. They were again subdivided into three groups with thirty participants in each

group. Group | consisted of thirty non susceptible motion sickness individuals, Group Il
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consisted of professional drivers and Group Il consisted of motion sickness individuals.
They were diagnosed as having susceptibility to motion sickness using the MSSQ-S. Both
OVEMP and cVEMP results revealed larger asymmetry ratio in participants comprised in
the motion sickness susceptible group compared to the non-susceptible group.

Tal et al. (2006) studied the cVEMP inter-aural amplitude difference ratio of thirty
participants aged 19-23 years. They were further subdivided into 2 groups. The sea sick-
ness susceptible group had fifteen sea sickness susceptible male individuals and the non-
sea sickness susceptible group consisted of fifteen non sea sickness susceptible male indi-
viduals, among Navy ship crew members. They were diagnosed as having sea sickness
using the Wiker questionnaire. It was found that inter-aural amplitude difference ratio had
no statistically significant difference between the two groups.

Xie et al. (2012) studied the oVEMP interpeak amplitude asymmetry ratio in fifty
individuals aged 19-24 years. They were further subdivided into two groups wherein one
group had thirty one motion sickness susceptible individuals and the second group had
twenty three non-susceptible motion sickness individuals. MSSQ was used to diagnose the
group with motion sickness. No statistically significant differences were found in interpeak

amplitude asymmetry ratio between the two groups.

Table 3.3
Summary of findings
Sl. Author and Year Summary of findings
no.
1. Neupane et al. e Unaffected VOR gain in the MS group.
2018 e Presence of refixation saccades in all 6 SCC in MS
group.

e Higher cVEMP asymmetry ratio in the MS group
¢ No significant difference in cVEMP P1N1 latencies
and amplitude.
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Kilinc et al. 2020

Reduced VOR gain in the MS group.
Higher asymmetry ratio for Anterior SCC in MS

group

Kumar and Sinha,
2021

No significant differences in VOR gain and the
asymmetry ratio between both groups

Mallinson and Lon-
gridge, 2002

No correlation exist between caloric scores (i.e.
slow phase velocity) and motion sensitivity.
Slightly higher scores in more susceptible group.

Fowler et al. 2020

Slowest slow phase velocity in caloric test observed
in the low susceptibility group.

Caloric responses and the degree of MS susceptibil-
ity had positive correlations.

Byukulu et al. 2009

No statistically significant difference was found be-
tween the two groups for cVEMP P1NL1 latencies,
amplitude and interpeak amplitude and latencies.
No statistically significant differences for canal pa-
resis was found between the two groups in caloric
test.

Fowler et al. 2014

Larger cVEMP amplitudes were reported in the
high susceptibility group and no significant be-
tween ear differences was shown.

cVEMP asymmetry ratio and latencies were not
significantly different across MS groups.

Tal et al. 2007

No significant differences were found between the
groups in the cVEMP latencies, amplitudes, inter-
peak latencies, and peak-to-peak asymmetry ratios.
Susceptible group had cVEMP asymmetry ratios
greater than 35% generally, but wasn’t statistically
significant.

Nooij et al. 2011

No significant differences were found in the abso-
lute latencies and peak to peak amplitude of
cVEMP.
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10.

Singh et al. 2014

Higher thresholds and a larger asymmetry ratio was
found in both cVEMP and oVEMP in the MS
group.

Latencies and amplitude were found to have no sig-
nificant differences between the groups.

11.

Tal et al. 2006

p13-n23 interpeak amplitude was significantly
lower in SS group.

The n23 peak amplitude was also significantly
lower in SS group.

cVEMP thresholds were greater in the SS group.

12.

Xie et al. 2012

No statistically significant differences were found
between the two groups in oVEMP absolute and in-
terpeak latencies, interpeak amplitude and asym-
metry ratios.

A greater asymmetry ratio was found in the MS
susceptible group but it was not statistically signifi-
cant.
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CHAPTER IV

DISCUSSION

Motion sickness (MS) is a syndrome characterized with nausea and vomiting, pal-
lor, cold sweating, headache, dizziness, increased salivation, apathy, hyperventilation, and
stomach awareness. Motion sickness can occur during exposure to physical motion, visual
motion, and virtual motion, and only those without a functioning vestibular system are fully
immune (Lackner et al., 2014). Motion sickness disorder (MSD) is diagnosed when the
sickness inducing stimulus is physical motion (Cha et al., 2021). Findings from a consid-
erable amount of studies reveal that motion sickness manifest as a peripheral dysfunction
and several tests have been carried out to support and critically analyze this hypothesis.
The aim of this systematic review was to systematically review the articles related to pe-
ripheral vestibular dysfunction in individuals with motion sickness. For this purpose,
twelve studies were evaluated which comprised of tests namely, video head impulse test
(VHIT), vestibular evoked myogenic potential (VEMP) and caloric test. The parameters
studied in the area of interest were saccades and VOR findings of vHIT; latency, amplitude
and asymmetry ratio of VEMP findings and the caloric test findings included slow phase
velocity of the nystagmus, directional preponderance and unilateral weakness, in individ-
uals with motion sickness.

4.1 Video Head Impulse test and Motion Sickness

The findings of two out of the three studies indicate normal VOR gain in subjects

with motion sickness. However, a higher VOR gain asymmetry ratio was established in the

participants with motion sickness. Among the three studies which used vHIT to assess the
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semicircular canal functioning in individuals with motion sickness, only one study reported
the presence of refixation saccades in individuals with motion sickness.

Kilinc et al. (2020) have given an account of decreased VOR gain values in indi-
viduals with motion sickness. Reduced VOR gain is an indication of peripheral vestibular
pathologies. Similar findings have been reported by Weber et al. (2008) and Mac Dougall
et al. (2013), in other peripheral vestibular pathologies, thus indicating that people with
motion sickness may have some amount of peripheral vestibular pathology. However,
Neupane et al. (2018) and Kumar and Sinha (2021) reported normal VOR gain in all the
individuals with motion sickness. However, Neupane et al. (2018) reported a higher asym-
metry ratio of VOR gain in the motion sickness group indicating existence of vestibular
dysfunction in individuals with motion sickness. Kumar and Sinha (2021) reported no dif-
ference between two groups for VOR gain asymmetry ratio and concluded that the VOR
gain asymmetry ratio may not be a good indicator of deficit in peripheral vestibular system.

Again there are equivocal findings in terms of presence or absence of refixation
saccades in individuals with motion sickness. Neupane et al. (2018) reported existence of
refixation saccades in all the individuals with motion sickness whereas, Kumar and Sinha
(2021) and Kilinc et al. (2020) reported absence of refixation saccades in motion sickness.
A variation between the stimulated side and the non-stimulated side, triggers the refixation
saccades. Hence the VOR generates compensatory eye movements so as to maintain gaze
stability during head rotation (Bronstein & Gresty, 1991). Weber et al. (2008) reported that
the presence of both covert and overt refixation saccades were symbolic of impaired sem-
icircular canals, when the stabilization of gaze during head rotation could not be retained.

The presence of overt saccades has also been reported in Meniere’s disease, which is a
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peripheral pathology (Blodow et al., 2013). Hence it can be inferred that refixation sac-
cades tend to be seen in peripheral pathologies.

Oman (1982) explained it using the heuristic mathematical model for sensory con-
flict dynamics and motion sickness. According to the authors, before acting on the vomit-
ing centre the sensory conflict was low pass filtered. Thus, it was inferred that low frequen-
cies were the ones that triggered motion sickness. This finding is supported by other studies
that have measured the VOR in individuals with motion sickness (Clément & Reschke,
2018). The authors also mention that, vHIT might not be an accurate test to assess the VOR
gain function in individuals with motion sickness, as it assesses the high-frequency com-
ponent of the VOR.

4.2 Caloric test and Motion Sickness

Two of the studies have reported a dissociation between caloric test and peripheral
vestibular dysfunction in motion sickness

Mallinson and Longridge (2002) postulated the existence of a mechanism that
might be suppressing excessive symptomatology under ideal circumstances, which is why
no statistical difference was found between the groups. Byukulu et al. (2009) reports that
the results obtained were in accordance with the findings of their study. The reason for
such a dissociation could also have been due to large inter-subject variability, low statistical
strength of caloric test, confounding factors namely the anatomy of the ear canal and mid-
dle ear, temperature diffusion into the surrounding tissues technique, and attentiveness of
the patient, as reported by the authors (Baertschi et al., 1975). The caloric tests in the VNG
test battery were usually restricted to the lateral semicircular canal and the superior vestib-

ular nerve, but not the other semicircular canals. This limited assessment might not be able
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to provide a clear picture of the whole scenario (Fowler et al., 2020). However, one study
showed a result otherwise, where the slowest slow phase velocity in caloric test was ob-
served in the low susceptibility group and the caloric responses and the degree of MS sus-
ceptibility had positive correlations between them. This could possibly be explained by
resistance to motion sickness susceptibility.

4.3 Vestibular Evoked Myogenic Potential (VEMP) test and Motion Sickness

Among the eight studies which described the findings of VEMP in participants with
motion sickness, majority of the studies show that the VEMP latencies, amplitude and the
interpeak amplitude and latency did not show a significant difference. Two studies had
reported the findings on VEMP threshold in individuals with motion sickness. Both the
studies reported that individuals with motion sickness had elevated (worse) thresholds
compared to the control groups. Among the eight studies, majority of the studies reported,
an elevated asymmetry ratio in groups with motion sickness compared to that of the control
groups.

Usually affected cVEMP latencies indicated a neural pathology rather than a laby-
rinthine pathology (Ochi et al., 2003; Lee et al., 2008). Neupane et al. (2018) reported that
cVEMP latencies were not affected as the neural portion of the sacculocollic pathway was
not involved in persons with motion sickness. This fact was in line with the results of many
researches (Tal et al., 2006; Fowler et al., 2014). This reasoning has been supported by
Singh et al. (2014), where the authors state the existence of a lack of neural involvement

in the vestibulospinal and vestibulo-ocular reflex pathways, due to which the latencies ap-
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peared to be unaffected in individuals with motion sickness. Hence the authors have sug-
gested that latency parameters of cVEMP and oVEMP would be insensitive in differenti-
ating the motion sickness susceptible individuals from the control groups.

Singh et al. (2014) reported that the finding of unaffected amplitude was in accord-
ance with those obtained by Neupane et al. (2018), Tal et al. (2007) and Buyuklu et al.
(2009) for cVEMP and Xie et al. (2012) for oVEMP. The authors reported that the reduced
otolith amplitude might be due to the impaired signals from the otolith organs due to a
peripheral involvement. Even though a smaller amplitude was obtained in few groups with
motion sickness, it was not significant because of a sizeable standard deviation for the
amplitude parameters. However, isolated equivocal results have also been obtained (Tal et
al., 2006; Fowler et al., 2014) which could be due to a small-scale sample size taken and
the high variability of cVEMP amplitudes found in even healthy populations. Hence, the
different authors propose that absolute amplitudes of cVEMP and oVEMP would be insen-
sitive in identifying motion sickness susceptible individuals.

Byukulu et al. (2009) reported that the interpeak amplitude and latency were unaf-
fected due to uncontrolled confounding factors like heterogeneity of the type of motion
sickness (e.g. car, sea, air, etc.) and the physical activity habits of their subjects included
in the study. In sea sickness, Tal et al. (2007) reported that the habituation process to sea
conditions might have caused the interpeak amplitude and latency to be unaffected. Taka-
bayashi et al. (2003) investigated the functional asymmetry of the vestibular otolith organ

of goldfish and carp. They did not find significant differences in utricular otolith weight
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between both sides of these animals and suggested that the otolith asymmetry was negligi-
ble. The inferences from these studies could be the possible reasons why an abnormality
was not manifested in VEMP interpeak amplitude and latency.

Singh et al. (2014) reported that the significantly elevated (worst) thresholds of
VEMP were in agreement with those reported previously by Tal et al. (2006). The authors
stated that elevated VEMP thresholds were procured, as the functioning of the otolith or-
gans were found to be less efficient, in those with higher susceptibility for motion sickness
compared to other groups. Tal et al. (2006) reported that elevated thresholds might be due
to reduced otolith responses in sea sickness groups. The reduced otolith responses would
produce impaired signals from the otolith organs, which would increase the discrepancy
between the information from the various sensory neural systems, thereby resulting in ele-
vated VEMP thresholds. These findings in comparison with VEMP absolute amplitude
indicated that the threshold of cVEMP and 0VEMP was a better parameter for evaluating
the otolith function in individuals with motion sickness.

Different authors have reported elevated cVEMP amplitude asymmetry ratio as an
indication of sacculocollic pathway dysfunction in numerous vestibular pathologies (Baier
et al., 2009; Taylor et al., 2011; Taylor et al., 2012). Thus, it can be inferred from this
finding that even individuals with motion sickness might have a sacculocollic pathway
dysfunction as a larger cVEMP asymmetry ratio was observed in them (Neupane et al.,
2018). This finding coincided with the previous studies, even with both cVEMP and
OVEMP (Singh et al., 2014). The authors explained that this asymmetry could be due to
the variation in otoconial masses of two saccules, thus giving rise to the higher VEMP

asymmetry ratio. However, a few equivocal studies also exist (Tal et al., 2007; Fowler et
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al., 2014). Helling et al. (2003) reported a similar finding using an animal study where fish
with difference in otoconial mass between two labyrinths showed atypical swimming be-
havior. This animal study supports the above mentioned findings, but was not included in
this systematic review, as it did not meet the objectives.

Singh et al. (2014) described that almost all human beings had a minimal amount
of otolithic asymmetry, but the difference would typically be less than twenty percentage
and therefore, it was not large enough to produce discrepant information reaching the cor-
tical areas. Moreover, one side was likely to send much higher levels of neural impulses to
the central balance structures than the other side, if the otolith response was large enough.
This would create a confusion in the central structures, as the impulses from one side sug-
gested a large degree of acceleration. In contrast, the other side suggested a lesser degree
of acceleration, even when the whole body was undergoing the equal acceleration. This
finding could be supported with the asymmetry hypothesis of otolith function (Diamond &
Markham, 1992b). Also a number of animal studies lend support to this hypothesis (Scherer
et al., 2001; Helling et al., 2003). Considering these findings, it can be inferred that the
VEMP asymmetry ratio can be regarded as one of the best suited parameters in detecting

the motion sickness population in the vestibular test battery.
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CHAPTER V

SUMMARY & CONCLUSIONS

The objective of the study was to systematically review and summarize the test
findings of articles related to peripheral vestibular dysfunction and motion sickness. The
following parameters: VOR gain, VOR gain asymmetry and presence or absence of sac-
cades findings of VHIT in individuals with motion sickness; latency, amplitude and asym-
metry ratio of VEMP findings in individuals with motion sickness and the caloric test find-
ings which included slow phase velocity of the nystagmus, directional preponderance and
unilateral weakness in individuals with motion sickness, were evaluated. Initially, a review
search was performed in different electronic databases. Searches across different databases
resulted in 550 topic-related records. A total of twelve articles that met the inclusion and
exclusion criteria to meet the objectives of the study were included for the study. The qual-
ity and potential risk associated with each article were evaluated using the QUADAS-2
risk of bias assessment tool.

The results regarding VOR gain depicted that the parameter was not necessarily
abnormal in all the patients with motion sickness. The individuals who exhibited reduced
VOR gain further indicated a prevalence of anterior and posterior semi-circular canals get-
ting affected more in one study, whereas another study showed all the semi-circular canals
being affected unequivocally. VOR gain asymmetry ratio was found to be higher in indi-
viduals with motion sickness, in majority of the studies. The presence of refixation sac-
cades in individuals with motion sickness was only reported in one article, among the
twelve articles studied, and the authors have suggested that the presence of refixation sac-

cade could be a good indicator in assessing individuals with motion sickness.
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It can also be inferred from the findings of these studies that the VOR gain asym-
metry ratio and the refixation saccades were a better indicator of peripheral dysfunction in
individuals with motion sickness than the VOR gain. Most of the findings of the articles
which used caloric test to assess individuals with motion sickness reported a dissociation
between caloric vestibular test and peripheral vestibular dysfunction in motion sickness,
thereby indicating that caloric test might not be a sensitive test to find out the peripheral
dysfunction in motion sickness.

The VEMP test findings revealed that majority of the studies did not find a statisti-
cally significant difference in VEMP latency, amplitude and interpeak amplitude and la-
tency. Two studies had reported higher VEMP thresholds in individuals with motion sick-
ness. Similarly the VEMP asymmetry ratio was also evaluated, where it was found that it
tends to be higher in the motion sickness group compared to the control groups, but not
statistically significant in many studies. The trend was observed towards a higher VEMP
asymmetry ratio, but more studies with larger number of participants would be needed to
validate this finding. Among the VEMP parameters studied, the VEMP threshold and the
asymmetry ratio better indicated the peripheral vestibular dysfunction in individuals with
motion sickness.

Therefore it can be inferred from this systematic review that a peripheral vestibular
dysfunction prevails in individuals with motion sickness, and it can be found out using an
appropriate test battery and test protocol.

5.1 Implications of the study
1. The systematic review will add on to the information regarding the incidence

of peripheral vestibular dysfunction in individuals with motion sickness.



42

2. The systematic review will also help in designing vestibular rehabilitation
programme in individuals with motion sickness.

5.2 Research Gap

A detailed systematic review was done for twelve articles, regarding the peripheral
vestibular dysfunction in individuals with motion sickness. The critical analysis of these
studies throw light on the limitations of these studies as well as give future directions for
researchers interested in this area. The studies included in this systematic review included
sample sizes ranging from fifteen to two hundred participants. A large scale study with
more number of participants was only observed in one study in this systematic review. An
optimal sample should be larger and span a wider age range and include more severely
affected individuals, to allow stronger inferences about the population.

There are only a limited amount of studies in motion sickness in human subjects.
More studies are needed on association and causation of the peripheral pathological pro-
cesses involved in motion sickness. It is also of utmost importance to bring to the readers’
attention that, a considerable amount of methodological differences exist in these studies.
Most of the studies does not involve a complete and definitive analysis of the peripheral
and the central vestibular system, in the methodology adopted. Kilinc et al. (2020) sug-
gested that tests like VHIT, VEMP, VNG, and posturography devices should be utilized
and evaluated together to analyze both peripheral and the central vestibular system, which
would help in obtaining more objective results, in individuals with motion sickness.

A research gap also exist where some studies do not employ all parameters of the
test while analyzing the results, which again leads to an incomplete picture of the processes
involved in individuals with motion sickness (Singh et al., 2014). Thus, a complete picture

of processes involved in motion sickness could not be delineated by the authors. Another
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gap that exist in the literature is the lack of a definitive and appropriate test protocol for
tapping pathological processes involved in individuals with motion sickness. Therefore, an
appropriate test protocol is to be formed with more future research in this particular area,
as suggested by Fowler et al. (2014). Another research gap that can be brought into the
notice of the readers is, the need of sensitivity and specificity measures of various tests

involved in the diagnosis of motion sickness.
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