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Introduction

Balance is the ability to stabilize our posture while on the 
move and stationery with the integration of needed inputs. 
Three basic mechanisms that provide input to this system are 
somatosensory, vestibular, and visual systems [1]. When a per-
son sitting in a train, and watching outside from the window, 
both vestibular and somatosensory systems are signaling that 
the person is sitting still, whereas the visual system is signal-
ing visually induced self-motion perception. This can be brief-
ly described as sensory conflict. Although there is no definite 
description, conflict between what we perceive with the help 
of our sensory organs and reality are called “illusions” [2]. 

Cervical vestibular evoked myogenic potentials (cVEMP) 

enables the evaluation of the vestibular nerve function as well 
as otolithic organs and is described by Rosengren and King-
ma [3] as the gold-standard. Video head impulse test (vHIT) 
is another widely used gold-standard objective vestibular test 
technique which is specifically designed for testing the func-
tion of each individual semicircular canal [4]. 

The aim of this study was twofold. One aim was to disturb 
the visual input using an optical illusion to evaluate the vestib-
ular system and its role on maintaining balance. Second aim of 
the study was to understand the neurological pathways of the 
vestibular system and its interaction with the visual system. 
The future of research related to vection should rely on appli-
cation of objective measures to complement traditional mea-
sures. 

Subjects and Methods

Twenty-seven females and 27 males participants between 
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the ages of 18 and 25 years were included in the study. The 
participants did not report to have any neurological, psycho-
logical, or physical pathologies nor did they use any vestibu-
lo-suppressant medication due to vertigo attacks in the last 
six months. 

The participants were randomly divided into two groups, 
with the same number of males and females in each group. 
Since both tests used the neck muscles, to obtain more homo-
geneous results, we performed vHIT first on one group while 
performing the cVEMP test on the other group. We performed 
the first test in absence of and performed the second one in 
the presence of optical illusion. 

cVEMP and vHIT were performed for each participant in 
the absence and presence of optical illusion. The cVEMP 
module in Interacoustics Eclipse (Interacoustics A/S, Middel-
fart, Denmark) was used for the procedure. Participants were 
tested sitting up with their heads turned towards their chins to 
contract their sternocleidomastoid muscles. 500 Hz tone-burst 
was presented at 100 dB SPL with insert earphones on the ip-
silateral side. The participants’ neck muscle contractions were 
observed during each cVEMP test for optimum data and feed-
back was given to the person tested. To avoid low inter-test 
agreement two recordings with 200 sweeps each were taken 
from each side and their average value was used. 

The vHIT was conducted with the VisualEyes Videonistag-
mography (Micromedical Technologies, Arlington Heights, IL, 
USA). For each semicircular canal 20 impulses were random-
ly presented to the participants by the same researcher to obtain 
the best data. Participants were advised to loosen up their necks 
and if they failed to do so a break was taken to maintain in-
tended conditions.

The tests were performed with the inclusion of a projected 
optical illusion video on a smart white board in a blacked-out 
room to create an optimal environment (Supplementary Video 
1 in the online-only Data Supplement). The optical illusions 
used were obtained from the provided video of Apthorp, et al’s 
study [5]. The participants were seated so their central as well 
as peripheral visual areas were covered with the given optical 
illusion for 120 seconds. Optical illusion stimuli were 1,000 
randomly positioned blue dots per frame constantly turning 

around on a dark background. The blue dots were adjusted ra-
dially to move out from the center moving at a speed of 6 m/s 
in a virtual surface area of “30×30×80 m.” 

While testing the cVEMP in the presence of optical illusion, 
the participants were seated so they can watch the illusions 
over their shoulder depending on which ear was being tested. 
For coherent testing during vHIT, the participants were seated 
1 m from the target point for both testing conditions. The tar-
get point was put on the smart white board and its position 
was adjusted according to the height of each participant. The 
participants were also subjected to a subjective evaluation to 
see if they were feeling balanced during the tests. It was especial-
ly noted if they felt any kind of dizziness etc. in the presence of 
optical illusion.

Ethical committee approval was obtained from the clinical 
research ethics committee of Istanbul Medipol University 
(03.10.2018/534). Before the experiment, the study was ex-
plained to each participant and a written informed consent 
was obtained. All described procedures were conducted in ac-
cordance with the Helsinki Declaration of 2013.

Statistical analysis 
Statistical Package for the Social Sciences version 22 (IBM 

Corp., Armonk, NY, USA) was used for the statistical analysis. 
Normal distribution of the values was assessed using one-sam-
ple Kolmogorov-Smirnov test. Wilcoxon sign rank test was 
used to determine whether there was a significant difference be-
tween the data of two conditions. Significance value was taken 
as 0.05.

Results

When P1 latencies were compared in the absence and pres-
ence of optical illusion, a statistically significant difference 
was obtained for the left side only (p=0.039) (Table 1, Fig. 1), 
while there was no statistically significant difference for the 
right side (p=0.253). There was also a statistically significant 
difference for left P1-N1 amplitudes (p=0.003) as well as left 
P1-N1 latencies (p=0.022), while there was none on the right 
side respectively (p=0.176, p=0.896) (Table 1, Figs. 2 and 3). 

Table 1. Comparison of cervical vestibular evoked myogenic potentials values in the absence and presence of optical illusion

 
 

Right ear
 

Left ear
Absence 

of optical illusion
Presence 

of optical illusion
p-value

Absence 
of optical illusion

Presence 
of optical illusion

p-value

P1 latency (ms) 16.84±2.72 17.00±2.32 0.253 17.35±2.85 17.14±2.62 0.039*
P1-N1 latency (ms) 9.23±1.96 9.17±1.82 0.896 8.80±1.81 9.18±1.91 0.022*
P1-N1 amplitude (µV) 90.40±50.10 95.87±52.71 0.176 89.27±59.29 101.55±60.37 0.003*
Data are presented as mean±standard deviation. *p＜0.05
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There was no statistical significance in the asymmetry levels 
between the two conditions (p=0.291).

In the statistical analysis of the six semicircular canal vHIT 
gains, statistically significant difference was found for the 
right lateral canal (p=0.039) as well as for right anterior (p= 

0.006) and left anterior canals (p=0.002). There was no statisti-
cally significant difference for the remaining semicircular ca-
nals: left lateral canal (p=0.458), right posterior canal (p= 

0.070) and left posterior canal (p=0.931) (Table 2, Fig. 4).
The subjective evaluation for cVEMP showed that most of 

the participants (33 of 57 participants) didn’t feel any balance 
problems while watching the optical illusion, nine participants 
felt as if they were moving, four participants felt their surround-
ings were moving and 14 participants felt as if they were on a 
cloud. The subjective evaluation of vHIT showed that 38 of 
the 57 participants felt nothing while 11 of them felt as if they 
were moving themselves. Thirteen of the participants felt as if 
they were either on a cloud or dizzy. 

Discussion

Under normal circumstances, various sensory stimuli must 
be successfully integrated with each other in order for consis-
tent movements to occur in the environment of the individual. 
However, if these sensory stimuli contradict each other, unex-
pected results can occur. “Vection” is the phenomenon where 
a false self-motion sensation is created with visual stimuli 
covering the visual field of a person. Some of the side effects 
of this sensation can be nausea, imbalance, blurred vision, and 
headache in individuals [6]. These side effects are defined as 
“cybersickness” or “visually induced dizziness” in the litera-
ture [6].

When a person is subjected to optical illusion, the stimuli 
gathered from visual and vestibular receptors contradict each 
other. As the contradiction of visual and vestibular stimuli in-
creases, persons’ complaints and/or their feeling of self-mo-
tion become inevitable [7].

Stimuli from the senses are integrated with each other de-
pending on their degree of their reliability within the central 
nervous system. Whichever stimuli the system deems more 

24

22

20

18

16

14

12

10

8

6

4

2

0

  Without optical illusion
  With optical illusion

17.35 17.14 16.84 17.00

P1
 la

ta
nc

y 
( m

s)

Left ear*                                        Right ear

200

150

100

50

0

  Without optical illusion
  With optical illusion

89.27
101.55

90.40
95.87

P1
-N

1a
m

pl
itu

d
e 

( m
V

)

Left ear*                                        Right ear

Fig. 1. Comparison of bilateral cervical vestibular evoked myo-
genic potentials P1 latencies in the presence and absence of op-
tical illusion. *p≤0.05.

Fig. 2. Comparison of bilateral cervical vestibular evoked myo-
genic potentials P1-N1 amplitudes in the presence and absence 
of optical illusion. *p≤0.05.
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Fig. 3. Comparison of bilateral cervical vestibular evoked myo-
genic potentials P1-N1 interpeak latencies in the presence and 
absence of optical illusion. *p≤0.05.
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reliable has a more dominant (superiority in the hierarchy) 
place in the integration process [8]. If the reliability of a sen-
sory stimulus decreases, the importance given to it in the inte-
gration process is also reduced, whereas another type of stim-
uli which is considered to be more reliable increased [9].

Integration zones of visual-vestibular stimuli in the cortex 
also contribute to this process. Vection is thought to activate, 
the middle temporal cortex (MT), cingulate sulcus visual re-
gion (CSv), precuneus, and parieto-insular vestibular cortex 
(PIVC) [10]. However, in another study, when individuals ex-
perience a sense of movement with optical illusion, a decrease 
in PIVC activity is observed [11].

When a person is watching an optical illusion, he recieves a 
false sense of movement originating from the visual system. 
However, simultaneously and constantly the inputs which are 
denying the movement comes from the vestibular system 
[12]. In this visual-vestibular conflict, the brain needs to ha-
bituate in order to eliminate the false sense of motion [7]. 
Weech and Troje [13] said that to resolve this sensory conflict, 
the effectiveness of vestibular stimuli that do not support the 
feeling that a person is moving is reduced. Thus, probably this 

is the way how conflict between visual and vestibular stimuli 
is eliminated.

In our study, we observed that the presence of an optic illu-
sion activates the vestibular system, with increased amplitude 
and shortened wave latency in the cVEMP data. In addition, 
we observed increase in the bilateral anterior canals and right 
lateral canal vHIT gains (gains approached 1). This may also 
suggest that there is an increase in the reliability of the infor-
mation obtained from the vestibular system. These results sup-
port the idea of a sensory (vestibular) reweighting mechanism 
actively working to maintain balance.

Sensory reweighting is a central nervous system mechanism 
that sorts through different inputs necessary (visual, somato-
sensory, and vestibular) to determine the ones more reliable in 
order to keep the balance [14]. If unreliable or unstable data 
are encountered, the impact of those inputs are reduced and 
the impact of more reliable inputs are reevaluated and likely 
enhanced [15]. For example, patients with vestibular dysfunc-
tion have incorrect vestibular inputs gathered from the periph-
eral organs. 

Di Girolamo, et al. [16] reported that vestibulo-ocular reflex 

Table 2. Comparison of video head impulse test VOR gains in the absence and presence of optical illusion

 
 

Right ear
 

Left ear
Absence 

of optical illusion
Presence 

of optical illusion
p-value

Absence 
of optical illusion

Presence 
of optical illusion

p-value

Lateral canal VOR gains 0.93±0.08 0.96±0.06   0.039* 0.91±0.09 0.92±0.06 0.458
Anterior canal VOR gains 0.96±0.12 1.01±0.10   0.006* 0.93±0.10 1.00±0.11   0.002*
Posterior canal VOR gains 0.96±0.11 0.99±0.09 0.070 0.99±0.15 0.99±0.08 0.931
Data are presented as mean±standard deviation. *p＜0.05. VOR: vestibulo-ocular reflex

Fig. 4. Comparison of vHIT VOR 
gains in the presence and absence 
of optical illusion. *p<0.05. vHIT: vid-
eo head impulse test, VOR: vestib-
ulo-ocular reflex. 
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(VOR) gain decreases immediately after exposure to optical 
illusion. While in some studies with neuroimaging, in case of 
vection, deactivation of the vestibular cortex regions such as 
PIVC has been reported [11]. These findings support the sug-
gestion that the vestibular cues are weakened when a sense of 
movement is triggered by a visual stimulus.

Harris, et al. [17] said that if the perception of distance 
was created with an optical illusion, in the presence of con-
tradicting visual and vestibular cues, confidence in vestibular 
stimuli, not visual, is increased. In addition, it was observed that 
the importance given to postural control [18] or direction per-
ception [19] increased when the reliability of visual stimuli 
decreased.

Responses in both semicircular canals and otolithic organs 
can stimulate neurons of the efferent vestibular system. In ad-
dition to the vestibular organs; inputs received from the visual 
system, pressure applied to the skin and passive movements 
of the extremities also provide information to the efferent 
vestibular system [20]. Although a direct link between visual 
stimuli and efferent vestibular system is unknown, given the 
complexity of the oculomotor pathways, these two systems are 
considered to be interacting.

Vestibular nuclei have been shown to be affected by stimuli 
from other systems other than vestibular stimuli, in the effer-
ent vestibular system, mostly by stimuli from the visual system 
[21]. The most known neural pathway that transports visual 
stimuli to the vestibular nuclei is considered as an accessory 
optic system [22]. In addition, the vestibular nerve associated 
with the extraocular motor nucleus has been found to be stim-
ulated by constant gaze, pursuit and saccadic eye movements 
[23]. Thanks to the constant feedback provided by the efferent 
vestibular system, received vestibular stimuli are constantly 
configured to provide the best data to maintain balance.

Changes in wave latencies and increased amplitudes in the 
cVEMP test performed in healthy individuals in the presence 
of optic illusion suggest that vestibular reflex pathways are 
also affected by the vestibular and visual cortex. Giving a vi-
sual stimulus causes physiological changes in the reflex arc 
which creates cVEMP response with a high amplitude [24]. 
Fowler, et al. [25] obtained higher cVEMP amplitudes in 
people with motion sickness and stated that there is a corre-
lation between these two factors.

Gallagher, et al. [24] created an optical illusion (perception 
of movement) in adult participants by using VR goggles. They 
observed a significant increase in left cVEMP amplitude dur-
ing exposure to optical illusion. They also observed that in the 
left cVEMP waves, the P1 latency was significantly shorter in 
the presence of optical illusion and the latency between the P1-
N1 peaks was increased. As a result, they have stated that op-

tical illusion affects the cVEMP reflex path, shortening laten-
cy and enlarging the wave amplitude [24]. This correlates well 
with our study, as we also found significant increase in left 
cVEMP amplitudes as well as earlier latencies in the presence 
of optical illusion compared to the values obtained in the ab-
sence of optical illusion. 

In a study by Clarke and Schönfeld [26], an increase in 
unilateral vestibular reflex responses has been reported in 
various studies where optical and vestibular inputs differ from 
each other. Significant changes were observed in cVEMP 
asymmetry under conditions where the effect of gravity was 
changed. Decreased perception of gravity leads to changes in 
the functioning of the vestibular system. These changes may 
be similar to the absence of vestibular responses in the false 
sense of movement created with optical illusion. Consistent 
with this, they observed quite high cVEMP asymmetry in as-
tronauts after spending some time in space however this asym-
metry shifted to normal levels after 5-8 days of return.

Swathi and Sathish [27] evaluated the sacculocollic path-
ways using cVEMP test on individuals who were practicing 
dance for some time. Compared to the control group who have 
never had practiced dance at all, they observed a statistically 
significant decrease in P1 latencies as well as a statistically sig-
nificant increase in the cVEMP amplitudes of the dancers. They 
concluded that the increase in amplitude and shortening in la-
tency data may be due to plasticity in the sacculocolic pathways 
of the dancers.

The vestibular cortex network is thought to be asymmetri-
cally located in individuals, with in right-handed individuals 
having a more developed vestibular cortex in the right hemi-
sphere of their brain [28]. This difference in the right and left 
hemisphere vestibular cortex may be due to the interactions 
of vestibular and visual responses with each other. Schlind-
wein, et al. [29] showed that cVEMP testing is a reliable source 
for comparison of cortical activity between hemispheres. 
Kovács, et al. [10] observed greater activation in the right 
hemisphere MRI results than left in a study in which individu-
als assessed the movements of themselves and other objects. 
When all of these are evaluated together, differences in the 
vestibular cortex, vestibular processing pathway and vection 
can be taken into consideration among the reasons for higher 
left cVEMP amplitudes and earlier latencies in our study.

Clément and Reschke [30] measured VOR gains, phases, 
and speeds by exposing people to conditions that created mo-
tion sickness. They achieved a significant difference between 
VOR phase and velocity with motion sickness. Although they 
found no direct connection with VOR gains, the VOR mecha-
nism is thought to be affected by the visual and vestibular 
system integration. Our study mimics the effects of motion 
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sickness in the sense that it creates discrepancy. To our best 
knowledge, this is the first study in the literature to use vHIT 
data in order to compare the effects of presence and absence 
of optical illusion.

To prevent optokinetic nystagmus from forming we put a 
target for the participant to look at for VEMP too just like 
vHIT. The participants were instructed to look at this target and 
not watch, count, or follow the dots on the video. While con-
ducting the vHIT, the clinician watched the participants eyes 
closely on the monitor and made sure that the eyes did not 
move from the target. Due to the participants instructions to 
not follow the dots and the constant supervision during the 
vHIT we presumed that optokinetic reflex did not take place. 
However, could not make sure of this in an objective way and 
this is a limitation to our study.

Subjective evaluations showed that in the presence of an 
optical illusion, people feel as if they are “moving” or “feel-
ing on a cloud.” The fact that the data obtained from the visu-
al and vestibular systems contradict each other support why 
people have felt this way. An analysis between subjects de-
pending on their subjective evaluations were not conducted 
because of the low number of participants that reported feeling 
dizziness among other sensations. A further study with more 
focus on the reason of why participants did or did not feel diz-
zy etc. and its comparison is therefore suggested.

We still do not know how the afferent and efferent vestibu-
lar system works, especially the integration of different sen-
sations in vestibular nuclei, cerebellum as well as the sensory 
reweighting mechanism. It would not be wrong to speculate 
that the effect of efferent system to the otolith organs and VOR 
to be different from each other. Meaning lateral and anterior 
canals’ gain increase might be due to the superior vestibular ca-
nal while there is no effect for this pathway to the otolith or-
gans. However, when evaluating the results of the vHIT, while 
there was no significant difference in the posterior canals, 
there was increase in gains. 

Lateral and anterior canals are stimulated by the superior 
vestibular nerve, while the posterior canal is stimulated by the 
inferior vestibular nerve. cVEMP, while stimulated primarily 
by the inferior vestibular nerve, is also stimulated partially by 
the superior vestibular nerve. The results made us think that 
aside from the sensory reweighting mechanism, the vestibular 
nerve may be playing a part in the discrepancies between the 
test and/or differences of gains regarding the semicircular ca-
nals. To get a better picture of the system and understand it 
better ocular VEMP test could have been conducted.

The results obtained in our study support the increase of 
reliability of the vestibular stimuli by suppressing the visual 
system. These findings suggest that the visual and vestibular 

systems are in constant interaction in order to maintain balance. 
Although the mechanisms of these two systems, especially at 
the cortical and efferent levels, are unknown; our study shows 
that these two systems work together in a constant state of in-
teraction.

Supplementary Video
Video. The testing procedure while the participant is watch-

ing the optical illusion.
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The online-only Data Supplement is available with this ar-

ticle at https://doi.org/10.7874/jao.2021.00080
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