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ABSTRACT

Motion sickness (MS) is a common syndrome induced by motion stimulation. Individual susceptibility to MS is key
to the development of MS. We propose a hypothesis that displaced otoconia into semicircular canals can increase
individual susceptibility to MS and thus Canalith Repositioning Procedure (CRP) can decrease the susceptibility to
MS. With a before-after controlled study, we investigated the efficacy of CRP for the desensitization of MS.
Seventy-one healthy subjects (23 men and 48 women; mean age of 35.0 years), each having a history of MS and
undergoing an initial Off-Vertical Axis Rotation (OVAR) test to induce MS for evaluating the susceptibility to MS,
received CRPs one time per week and totally three times in consecutive three weeks. One week after final CRP, MS
susceptibility was re-evaluated with OVAR. The severity of OVAR-induced MS was scored with visual analogue
scale. Results showed after three CRPs, 64 (90.1%) of 71 subjects showed the reduced susceptibility to MS, with a
significant difference in the mean scores of the OVAR-induced MS before and after the CRPs (6.86 + 1.31 vs.
5.00£1.38, p < 0.001). It is indicated that the device-assisted CRP is a novel, effective, and promising
desensitization therapy for MS.
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INTRODUCTION

Motion sickness (MS), also known as carsickness, seasickness, airsickness or space sickness, is a physiological or
epidemiological response to motion stimulation, which is characterized by symptoms and signs including pallor,
cold sweats, excessive salivation, headaches, dizziness, stomach awareness, nausea, up to recurrent vomiting. MS is
a common and troublesome problem in travel by car, boat, aircraft, or other transport*! The development and the

severity of MS depends on the intensity of motion stimulation and the individual susceptibility to motion
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stimulation. There are apparent differences in individual susceptibility to MS. Approximately 70% of astronauts will
suffer some degree of MS in their initial space flight.

Many theories about the mechanisms of MS have been proposed over the years and the sensory conflict theory is
most widely accepted to explain the development of MS.[231 Pharmacological and non-pharmacological
countermeasures are used for the prevention and treatment of MS."! Drug therapy is a very effective way to control
MS, but almost all anti-MS medications have potential side effects, which limit the use of anti-MS drugs.?*! Non-
pharmacological options include all procedures that reduce conflicting sensory input or accelerate the process of
multi-sensory adaptation. For example, most individuals susceptible to MS can be desensitized by adaptation
training.[ However currently available approaches for the prevention and treatment of MS are not yet very
satisfactory. It is indicated that there is a prominent increase in MS susceptibility for patients with certain vestibular
disorders.[>>! For example, patients with Benign Paroxysmal Positional Vertigo (BPPV) have a higher prevalence
of MS compared to healthy individuals, 48.0% vs. 13.4%.[11t has also been shown that some of patients with BPPV
have high susceptibility to MS, but they are no longer susceptible to MS after successfully resolution of BPPV by
Canalith Repositioning Procedure (CRP).[l Thus we propose a hypothesis that displaced otoconia into semicircular
canal may contribute to the increase of susceptibility to MS, which also provides the rationale for the development
of CRP as a new desensitization therapy for MS. We conducted a before-after control study by comparing MS

susceptibility before and after CPR and the short-term efficacy of CRP for the desensitization of MS was evaluated.

METHODS

Subjects: Subjects were healthy volunteers recruited from the undergraduate students of a local college, the staff of
our hospital and the residents of local community. The inclusion criteria were as follows: Chinese, both sexes, aged
from 18 to 60 years old, having a previous history of MS, no history of otological or vestibular disorders, having
normal vestibular and oculomotor function upon otoneurological examination, with no positional vertigo or
mystagmus in the Dix-Hallpike test and the roll test for the examination of BPPV.

Motion sickness test: In this study, Off-Vertical Axis Rotation (OVAR) test as an established laboratory stimulus
of MS was used to induce MS.I OVAR was performed using the Diagnosis and Therapy System for BPPV (the
Byrons Medical Science & Technique Inc., Jinan, China). As showed in Figure 1, subject was seated and secured in
a computer-controlled rotary chair. The chair tilted 30 degrees off vertical axis and rotated around subject’s body
longitudinal axis at a velocity of 90 degrees per second without any breaks. OVAR was stopped when subject felt he
or she could go no further and the tilted chair was back to upright position. Immediately after OVAR, subject was
instructed to evaluate the severity of OVAR-induced MS by scoring on a subjective visual analogue scale between 0
and 10, where 0 represented no symptom and 10 represented maximal symptom.[“ Each subject received OVAR test
twice, the first one performed at a week before receiving the initial CRP and the second one at a week after the final
CRP. The bearable rotation time of each subject in the first OVAR test was regarded as his or her standard rotation
time used in the second OVAR test. None of subjects used any concomitant medication that could affect the central

nerve system or the vestibular system within 3 days before OVAR test.
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Figure 1: Schematic performance of off-vertical axis rotation test. Subject is seated in a computer-controlled rotary
chair. The chair rotates in yaw at a speed of 90 degrees per second while tilted at 30-degree angle to induce motion
sickness in the subject.

Interventions: After the first OVAR test, each subject received CRPs, one time per week and totally 3 times in
consecutive 3 weeks. CRPs were performed with the same device as used in OVAR test. CRP consisted of four
consecutive maneuvers with a 5-minute interval between the maneuvers. Firstly a backward 360-degree rotation
maneuver, which was similar to that used for the treatment of posterior canal BPPV[! or anterior canal BPPV['%,
was applied for clearing the possibly displaced otoconia in both the right posterior canal and the left anterior canal
(Figure 2), followed by another backward 360-degree rotation maneuver for clearing the possibly displaced otoconia
in both the left posterior canal and the right anterior canal (Figure 2). After 5-minute interval, a 360-degree roll
maneuver toward the right, which was similar to that used for the treatment of horizontal canal BPPV,[! was
applied for clearing the possibly displaced otoconia in the left horizontal canal (Figure 3), and then a 360-dgree roll
maneuver toward the left was performed for clearing the possibly displaced otoconia in the right horizontal canal
(Figure 3).

Figure 2: Schematic performance of backward 360-degree rotation maneuver. Subject is seated and secured in a

computer-controlled rotary chair (a), and then is slowly turned 45 degrees toward the left (b), thus the right posterior
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canal and the left anterior canal are orientated in the plane vertical to rotary axis, followed by backward 360-degree
rotating around the anterior-posterior axis of chair, which includes three steps, each step for 120-degree rotation in a
velocity of 90 degrees per second, and each position is hold for 30 seconds (c-e), by which the possibly displaced
otoconia in the right posterior canal and the left anterior canal could be cleared. With a 5-minute interval, subject is
slowly turned 90 degrees toward the right (f), thus the left posterior canal and the right anterior canal are orientated
in the plane vertical to rotary axis, followed by another backward 360-degree rotation maneuver (g-i), by which the
possibly displaced otoconia in the right posterior canal and the left anterior canal could be cleared, and then back to

start position (j).

Figure 3: Schematic performance of 360-degree roll maneuver. Subject in computer-controlled rotary chair is
slowly changed into supine position from sitting position, with the head bending forward 30 degrees to make
horizontal canal be orientated in the plane vertical to rolling axis (a), and then is rolled 360 degrees toward the right
in a series of stepwise 90-degree turns with an interval of 30 seconds between the steps (a-e), by which the possibly
displaced otoconia in the left horizontal canal could be cleared. With a 5-minute interval, subject is rolled 360
degrees toward the left (e-i), by which the possibly displaced otoconia in the right horizontal canal could be cleared
Main Outcome Measures: To avoid the effect of habituation or adaptation, a one-week interval was given between
the first OVAR test, individual CRPs and the second OVAR test. The MS susceptibility of each subject before initial
CRP and after final CRP was respectively evaluated with OVAR test. MS scores on OVAR tests were used as main
measures for MS susceptibility. Mean MS scores before initial CRP and after final CRP were compared to evaluate
the short-term efficacy of CRP for the desensitization of MS.

Statistical Analysis: Quantitative data were expressed as mean and standard deviation (mean = SD). The
significance of difference in mean MS scores before initial CRP and after final CRP was determined by Student t
test, considered significant as p < 0.05. Statistical analysis was performed using with SPSS version 20.

Ethics: This study was conducted in accordance with the the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained from all individual subjects included in the study. The
Ethics Committee of the Beijing Electric Power Hospital approved the study protocol (JS-2021-a12-01).
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RESULTS
A total of 71 healthy subjects were included in the study. There were 23 males and 48 females. Age ranged from 19
to 59 years, with a mean age of 35.0 = 10.7 years and a median age of 33 years. Rotation time ranged from 24

seconds to 180 seconds, with an average of 69.1 + 23.7 seconds.

Mean MS score after final CRP were significantly lower than that before initial CRP (5.00+1.38 vs. 6.86+1.31, p <
0.001), with a mean difference of 1.86 scores. Based on the changes in the mean MS scores before initial CRP and
after final CRP, the MS susceptibility after CRP decreased by 27.1% in the subjects.

As showed in Table 1, after final CRP, aside from 7 (9.9%) subjects with no decrease in MS scores, 64 (90.1%) of
71 subjects showed the decrease of MS scores by 1-5 scores; subjects with reduced MS susceptibility by 2 scores
accounted for 38.0% of subjects, followed by ones (29.6%) with reduced MS susceptibility by one score.

In addition, CRPs were tolerated well in all subjects, and no obvious adverse effects from the use of CRPs were

found during or after CRPs.

Table 1: Frequency distribution of subjects with individual score differences of MS before and after CRPs.

MS score differences before and after CRPs | Number of subjects | %
0 7 9.9
1 21 30
2 27 38
3 8 11
4 7 9.9
5 1 1.4

MS - motion sickness; CPRs - canalith repositioning procedures.

DISCUSSION

The present study denotes that CRP, as a novel desensitization therapy for MS, can effectively reduce individual
susceptibility to MS. It was showed that 64 (90.1%) of 71 subjects presented with the decreased MS susceptibility
after CRPs.

MS has been recognized for long time.*?! Many theories about the mechanisms of MS have been proposed over the
years, each explaining some but not all of the characteristics of MS. The sensory conflict theory is widely accepted
as an underlying mechanism of MS.??! Sensory conflicts can exist either between actual versus expected invariant
patterns of vestibular, visual and proprioceptive inputs or between canal and otolith inputs, namely intravestibular or
intralabyrinthine conflict.>>*° It is considered that an imbalance in the outputs of the two major organs of the
labyrinth, favoring the semicircular canals over the otolith organs, is responsible for most instances of MS.[*3l And
also sensory conflict can exist between vestibular inputs on two sides. Here we propose a new hypothesis, namely
displaced otoconia hypothesis, to explain the occurrence of high MS susceptibility and the underlying mechanism of

MS, which also provides the rationale for the development of CRP as a new desensitization therapy for MS.
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It has been shown that MS susceptibility increases in patients with vestibular disorders such as vestibular migraine,
Meniére’s disease and BPPV.[2>¢1 And also several studies showed that patients with BPPV had high susceptibility
to MS.["*4 For example, 66.7% of patients with BPPV were susceptible to MS,** and patients with BPPV showed
the higher prevalence of MS than healthy individuals, 48.0% vs. 13.4%. And also it was showed that the patients
with BPPV who had a history of MS were no longer susceptible to MS after successfully resolution of BPPV by
CRP.I

BPPV is a common vestibular disorder characterized by repeated episodes of positional vertigo produced by changes
in head position.[*® Although the etiology and pathophysiology of BPPV have been not fully understood, it is
believed that BPPV occurs when otoconia detach from the macula of the utricle and enter the semicircular canal, and
the displaced otoconia, free-moving in the semicircular canal (canalolithiasis) or adhering to the cupula of the
semicircular canal (capulolithiasis), may provoke vertigo symptom accompanied by nystagmus with head position
changes.*?l Based on these theories, CRP designed for removal of the displaced otoconia out from the affected
semicircular canal and back into the utricle have been used for the treatment of BPPV, by which BPPV can be
relieved successfully.[*516]

However, not all conditions with existence of displaced otoconia in the semicircular canal, regardless of
canalolithiasis or capulolithiasis, certainly cause BPPV with typical symptoms and nystagmus, which depend on the
density, volume and number of the displaced otoconia in the canal.'™ For example, there is a subtype of BPPV, also
known as subjective BPPV!€l or BPPV without nystagmus,*®! which presents with a history of BPPV with a
positioning test positive for vertigo but negative for nystagmus. Subjective BPPV is common, accounting for
approximately one-fourth of patients with BPPV.[*>28 However the underlying mechanism of subjective BPPV is
not very clear. An explanation is that the presence of a small quantity of loose otoconia in semicircular canal can
induce positional vertigo but not be sufficient to provoking nystagmus. !

CRP is an effective treatment for BPPV. However residual dizziness is a common condition after successfully
resolution of BPPV by CRP, with a prevalence of 31%-61%.12>?!1 Causal factors for the residual dizziness are still
under debate and a possible cause is the presence of small amounts of residual otoconia in the semicircular canal
after successful CRP. These residual otoconia, either free-moving in the semicircular canals or adhering on the
cupulae of canals, are very small in quantity so that they are not sufficient to produce typical symptoms and signs
aside from mild dizziness.

Furthermore, as showed in previous histological studies, small amounts of displaced otoconia may also be found in
the semicircular canal in patients including adults and children who have not historical evidence of BPPV, and the
displaced otoconia may occur in each of the semicircular canals, with incidences of 12.7%-34.9%.#2*l However the
presence of the otoconia in the semicircular canals is usually asymptomatic, probably owing to a small quantity not
surpassing a critical mass.' We think the presence of otoconia in the canals may increase the individual
susceptibility to MS, although it is not sufficient to cause BPPV.

Therefore we propose a new “displaced otoconia hypothesis” to explain the increase of individual susceptibility to
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MS. Due to some conditions such as head trauma, the otoconia may detach from the utricle macula and enter the
semicircular canal, free-moving in the canal (canalolithiasis) or adhering to the cupula of the canal (capulolithiasis).
When the displaced otoconia are more enough, they may cause a typical BPPV, 681 while the presence of small
amounts of otoconia in the canals may be asymptomatic,?>>* produce subjective BPPV,161819 or cause residual
dizziness occurring after CRP in some patients with BPPV.[2°211 Under these conditions, no matter the presence of
otoconia in the canals is symptomatic or asymptomatic, it may increase individual susceptibility to MS due to the
occurrence of intravestibular of intervesitular sensory conflicts when exposure to motion stimulation.

Preventive and therapeutic countermeasures for MS include pharmacological and non-pharmacological approaches.
2l However use of anti-MS drugs is limited due to the side effects of medicals. Adaptation is one of effective
approaches to prevent MS and most individuals susceptible to MS can be desensitized by adaptation training, with a
successful rate of about 85%.?° However, the adaptation training commonly requires for repeated exposures to the
motion stimulation, and thus it can be extremely time consuming, lasting many weeks.>*l Even successful
adaptation to MS is obtained, the retention of adaptation may not last for a long time and trainees can lose their MS
adaptation after a gap.[?¢!

CRP is different from adaptation training in the mechanisms of desensitization for MS and it was developed based
on the “displaced otoconia hypothesis” we proposed in the present study. According to this hypothesis, MS
susceptibility increases in the individuals with the presence of displaced otoconia in the canals, which produces the
intravestibular or intervestibular sensory conflicts in motion environment. CRP may decrease the individual
susceptibility to MS by clearing the displaced otoconia from the canals to reduce conflicting sensory inputs.

In some of patients with BPPV, repeated CRPs may be required for the resolution of BPPV.'5271 A systematic
review shows that 32%-90% of patients may obtain successfully resolution of BPPV after the first CRP, with
cumulative success rates of 67%-98% after the third CRP.[?"1 A recent study shows that all patients may obtain
successfully resolution of BPPV after three CRPs with one-week interval between CRPs.?8l In present study we
designed the CRP protocol with one time per week and totally 3 times in 3 consecutive weeks. It demonstrates that
this CRP protocol can effectively decrease the severity of MS in most individual susceptible to MS.

There are several limitations for this study. First, although CRP offered the desensitization of MS in about 90% of
subjects, about 10% of individuals showed no reduction in MS susceptibility after three CRPs. Cause for this
condition is not clear. It may relate with the residual of otoconia in the canals after CRPs. Similarly not yet all
patients with BPPV may be successfully treated with CRP. Treatment failure may occur in up to 33% of patients.
(15271 In addition, the degree of reduced MS susceptibility by CRP was not enough in most subjects and 67.7% of
subjects only obtained the reduction of MS susceptibility by one or 2 scores or lesson after three CRPs. It indicates
there are other factors contributing to elevated MS susceptibility in these individuals, while the presence of
displaced otoconia in the canals is only one of possible causes accounting for MS susceptibility. In order to improve
the efficacy of CRP for the desensitization of MS, whether alternative CRP protocols are required? More studies are
needed. Second, only short-term efficacy of CRP for the desensitization of MS was evaluated in the current study.
Further evaluating for the long-term efficacy of CRP for the desensitization of MS is required. BPPV is a high
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recurrent disease.[*! Because there are possibly shared common mechanisms (canalolithiasis or capulolithiasis)
between BPPV and elevated MS susceptibility, the individuals with reduced MS susceptibility may again become
susceptible to MS due to the re-occurrence of displaced otoconia in the canals. A recent study showed that after
successful treatment of BPPV with CRP, regular home CRP decreased the recurrence of BPPV.[?] Perhaps the
individuals after desensitization of MS by CRP could be regularly applied with CRP to protect them from re-
susceptibility to MS. Third, in the present study, MS susceptibility and the efficacy of CRP for the desensitization of
MS were evaluated only based on the OVAR tests. Subsequent observation is required to confirm if the benefits of
CRP may be kept in real motion environment.

In conclusion, CRP is a novel and effective desensitization therapy for MS, with a promising efficacy. However, the
evaluation of long-term efficacy of the CRP for the desensitization of MS needs further research; whether the
severity of MS in the CRP-treated individuals may be reduced when exposure to real motion stimulation still needs
to examine; and also further insight into the underlying mechanisms for the desensitization of MS by CRP is
required.
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