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Abstract

Background: Spatial orientation is a complex process involving vestibular sensory input and
possibly cognitive ability. Previous research demonstrated that rotational spatial orientation was
worse for individuals with profound bilateral vestibular dysfunction.

Objective: Determine whether rotational and linear vestibular function were independently
associated with large amplitude rotational spatial orientation perception in healthy aging.

Methods: Tests of rotational spatial orientation accuracy and vestibular function [vestibulo-
ocular reflex (VOR), ocular and cervical vestibular evoked myogenic potentials (VEMP)]

were administered to 272 healthy community-dwelling adults participating in the Baltimore
Longitudinal Study of Aging. Using a mixed model multiple linear regression we regressed spatial
orientation errors on lateral semicircular canal function, utricular function (ocular VEMP), and
saccular function (cervical VEMP) in a single model controlling for rotation size, age, and sex.

Results: After adjusting for age, and sex, individuals with bilaterally low VOR gain (p = 20.9,
p = 0.014) and those with bilaterally absent utricular function (f = 9.32, p = 0.017) made
significantly larger spatial orientation errors relative to individuals with normal vestibular function.

Conclusions: The current results demonstrate for the first time that either bilateral lateral
semicircular canal dysfunction or bifateral utricular dysfunction are associated with worse
rotational spatial orientation. We also demonstrated in a healthy aging cohort that increased age
also contributes to spatial orientation ability.
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Introduction

Individuals with vestibular loss demonstrate greater performance deficits in spatial
orientation, spatial memory, and spatial navigation than healthy adults [20,40,71]. Vestibular
function declines with age [47,58]. Age related vestibular dysfunction is associated with
impaired performance on spatial cognition tests [9], supporting the observation that

older individuals have greater difficulty orienting and navigating through both real-world
and virtual environments [1]. Animal and human models of vestibular loss demonstrate
significant performance deficits in spatial navigation tasks, suggesting a vestibular mediated
deficit [4,14,61,64,71]. This is consistent with the concept that alterations in vestibular
signaling impact egocentric mental transformations of object versus self-rotation [22,24,45].
Spatial orientation includes both location of objects relative to the perceiver (egocentric)
and location of objects relative to other objects independent of the position of the perceiver
(allocentric) [42]. Both egocentric spatial orientation (location of objects “A” and “B”
relative to the observer) and allocentric perspective taking (location of object “A” relative
to object “B”) are implicated in the development of cognitive spatial maps [28]. Thus
spatial orientation can be defined as awareness of and ability to regulate orientation of the
body relative to space and/or the environment [60]. Thus spatial orientation ability likely
contributes to planning and execution of serial motor tasks (such as the Perdue Pegboard

or Tail-Making test Part B [9], or navigation to sequential locations [29]). Accurate spatial
orientation in novel environments may depend on intact cognitive function to learn the novel
spatial map, independent of egocentric self-motion cues. Sequentially linked objects may
enhance learning novel maps in the context of reduced vestibular function, since individuals
with profound vestibular loss demonstrate preserved sequence learning [39].

Spatial orientation and navigation are complex processes integrating sensory information
from multiple modalities to update orientation in space relative to known external

space locations [13,43]. Both egocentric and allocentric processes update the internal
representation of position and orientation in space [19,31]. This internal representation

of external coordinates depends on both linear and rotational vestibular input [56,69,72].
Individuals with either benign paroxysmal positional vertigo or acute vestibular neuritis
demonstrate impairments in both egocentric and allocentric mental rotation [17]. In fact,
peripheral vestibular disorders are associated with worse spatial memory and spatial
navigation [8,71]. Previous work linked hippocampus function, spatial orientation, and
vestibular function [14,41,65,73]. However, unlike vestibular reflexes, spatial orientation
likely depends on both multisensory integration and cognitive processing to generate and
update a spatial map. It is unlikely that internal spatial representation is solely based

on vestibular signals since sensory integration begins at the first vestibular synapse in

the vestibular nuclei [21]. Even when large directional discrepancies exist between visual
and vestibular sensory cues there is strong bi-directional influence on heading perception
[62]. Spatial perception has recently been shown to involve distributed cognitive processes
[15,33,34,52,59,65]. Independent of self-motion sensory cues, cognitive processes may
influence the ability to develop and store new spatial maps, necessary for spatial orientation.
Recent evidence supports connections between the vestibular system and cognitive functions
including visuospatial, attention, and memory abilities [9,33,63]. Therefore, accurate spatial
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orientation ability may depend on both intact vestibular signaling and intact cognitive
function.

Here we investigate the relationship between rotational spatial orientation errors and
vestibular function in a cross-sectional cohort of healthy adults. Since accuracy in this

task implies use of a combination of egocentric motion signals and allocentric spatial

maps based on the relative location of the labeled walls and corners to each other [44],

only participants with normal global mental status as assessed by the Mini-Mental State
Examination (MMSE) [27] were included. In this study, we provide a novel perspective on
vestibular contributions to human spatial orientation by separately evaluating rotational and
gravitational vestibular function [utricular, saccular, and lateral semicircular canal function].
We hypothesized that both rotational and linear vestibular function would be associated with
spatial orientation errors [56,72].

Materials and Methods

Participants

The current study uses data from the Baltimore Longitudinal Study of Aging (BLSA)

to evaluate the cross-sectional association between a spatial orientation updating task

and tests of vestibular function (video head-impulse testing [VHIT], ocular vestibular
evoked myogenic potentials [oVEMP], and cervical vestibular evoked myogenic potentials
[cVEMP]). The spatial orientation task determined an individual’s ability to update his/her
egocentric orientation to the environment after whole-body yaw-axis rotations.

The BLSA is an ongoing prospective continuous enrollment cohort study initiated in 1958
and currently conducted by the Intramural Research Program of the National Institute

on Aging (IRP-NIA). Participants are community-dwelling men and women aged 20 and
older who undergo a standardized array of tests over 3 days every 1-4 years at the

Clinical Research Unit of the IRP-NIA in Baltimore, MD. This study includes a cross-
sectional sample of all BLSA participants aged 60 and older seen between April 2016

and March 2018. During this time period, 272 healthy participants without known sensory
or neurological impairments underwent vestibular and spatial orientation testing and were
administered the Mini-Mental Status Exam (MMSE) by trained examiners. The MMSE is
a brief test of mental status used to screen for cognitive impairment and dementia [27].
Participants with MMSE scores lower than 24 were excluded from the analyses due to
possible cognitive impairment [23]. Years of education were recorded. All participants
provided written informed consent. The BLSA study protocol was approved by the National
Institute of Environmental Health Sciences Institutional Review Board.

Experimental Design

Vestibular Testing

Vestibulo-ocular reflex: Horizontal semicircular canal vestibulo-ocular reflex (VOR) gain
measurements have been previously validated in older adults [47,48]. Briefly, seated
participants wore a lightweight video-oculography system, with a camera recording right
eye movements and an accelerometer recording head movement sampled at 250 Hz (GN
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Otometrics, Schaumberg, IL USA) and were instructed to look at a visual fixation target
1.25 meters away. A trained examiner tilted the participant’s head down to align Reid’s
plane with the horizontal and then delivered 10 small amplitude (5°-15°) head impulses
(peak velocity 150°-250°/second) to the right and left. Horizontal VOR gain was calculated
as the ratio of the eye to head velocity [48]. Participants were excluded from head impulse
testing if they could not see the target, reported restriction/pain during neck rotation, or
had previous cervical spine surgery. VOR gain was used as a continuous variable and also
categorized as: Normal (bilateral VOR gain > 0.62), unilateral hypofunction (either side
VOR gain < 0.62), and bilateral hypofunction (bilateral VOR gain <0.62). This criteria was
based on the sample mean minus two standard deviations (0.92 — 0.30) [11].

Vestibular Evoked Myogenic Potentials—Electromyographic (EMG) signals were
recorded with pregelled, disposable, self-adhesive, Ag/AgCI electrodes (GN Otometrics,
Schaumburg, IL, USA) using a commercial EMG system (Carefusion Synergy, version 14.1,
Dublin, OH, USA). EMG signal processing included 2500x amplification and band-pass
filtering between 3-500 Hz for ocular VEMPs and between 20-2000 Hz for cervical VEMPs
[57].

Ocular VEMP: The ocular VEMP (0VEMP) evaluates mainly utricular function. Trained
examiners delivered fifty midline head taps at Fz with an Aesculap model ACO12C reflex
hammer with participants reclined at 30 degrees from horizontal and maintained a 20 degree
upward gaze at a target on the ceiling. An inertial microswitch triggered the EMG recording.
The oVEMP waveform is characterized by a negative peak (n10, approximately 10 ms

after the head tap), followed by a positive peak (p16, approximately 16 ms after the head
tap). An absent oVEMP response was defined as EMG recordings lacking definable n10
waves consistent with prior studies at the BLSA [46]. Participants unable to see the oVEMP
fixation target due to visual impairments such as blindness, or who declined to participate
were excluded.

Cervical VEMP: The cervical VEMP (cVEMP) evaluates mainly saccular function. While
reclined at 30 degrees from horizontal, participants were instructed to lift and turn

their heads to the right and left providing tonic background sternocleidomastoid activity.
Air-conducted positive polarity tone bursts at 500 Hz and 125 dB SPL were delivered
monaurally through an Audiocups noise-excluding headset (Amplivox, Eden Prairie, MN).
The cVEMP waveform consists of a positive peak (p13, approximately 13 ms after each
tone burst), followed by a negative peak (n23, approximately 23 ms after each tone burst).
An absent cVEMP response was defined as EMG recordings lacking definable p13 waves
consistent with prior studies at the BLSA [46]. Participants were excluded from the cVEMP
test if they had conductive hearing loss or if they had pain when turning their head to the
right or left.

For both cVEMP and oVEMP tests, normal vestibular function was defined as the presence
of a vestibular evoked myogenic potential in both ears. Unilateral loss was defined as
unilaterally absent function and bilateral loss was defined as bilaterally absent function.
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Spatial Orientation Test—Each wall of the room was labeled alphabetically in a
clockwise fashion (i.e., A, B, C, and D) and each label was positioned in the center of

each wall (Figure 1). Subjects sat upright in a rotating chair with a footrest, placed in the
center of the room initially facing wall A. The subject was then oriented to the labels of each
wall (i.e., walls A, B, C, and D) and adjacent corners (i.e., corners AB, BC, CD, and DA)
while being slowly rotated clockwise so that they could see each of the labeled locations.
Participants then experienced one rotation each of 45, 90, and 135 degrees with their eyes
open to demonstrate the velocity and distance of the turns prior to beginning the Spatial
Orientation Test.

Participants wore a blindfold and noise-attenuating headphones (BOSE, Inc). The examiner
applied 2 sets of 6 manually driven, whole-body rotations consisting of uniformly distributed
and randomly ordered 45, 90, or 135 degree rotations alternating left and right [40]. The
timing of each rotation was similar to Jauregui-Renaud et al. (2008): approximately 1
second (45 degrees), 1.5 seconds (90 degrees), and 2 seconds (135 degrees) [40]. After

each rotation, participants were asked to identify which way they were facing using the
coordinates shown in Figure 1. The spatial orientation error was calculated by subtracting
the reported rotation amplitude (based on starting and stopping locations) from the actual
rotation amplitude. After their response was recorded, participants were informed of their
actual orientation so that they were aware of the next starting position.

An interval of approximately 30 seconds between each rotation allowed any post-rotary
sensation of motion to subside. After the 6™ rotation, the chair was returned to wall A and
the participant was instructed to remove his/her eye mask and rest for approximately one
minute before beginning the second set of 6 rotations. Average spatial orientation errors
were calculated for each rotation size.

Statistical Analysis

Results

A single mixed multivariate linear model (Stata 14, StataCorp, LLC) regressed spatial
orientation errors on categorized lateral semicircular canal function (normal, unilateral
hypofunction, bilateral hypofunction), oVEMP function (bilaterally present, unilaterally
absent, bilaterally absent), cVEMP function (bilaterally present, unilaterally absent,
bilaterally absent) while controlling for rotation size (45, 90, and 135 degrees), age and sex.
Post-hoc Wald comparisons for three level variables significant in the mixed model (VOR
function, oVEMP function, and rotation size) were performed to compare differences across
levels and are reported as chi-square statistics. Significance for the mixed effects model was
tested at a = 0.05, and an adjusted a = 0.025 was used for each post-hoc comparisons. Raw
data are accessible after application to the Baltimore Longitudinal Study of Aging.

Participant demographics are presented in Table 1. The average VOR gain was 0.92 (SD
0.15). Based on VOR gain less than 0.62, 7 (2.6%) participants were classified with
unilateral semicircular canal hypofunction and 3 (1.1%) with bilateral semicircular canal
hypofunction. Based on absent oVEMP responses, 20 (7.4%) participants were classified
with unilateral utricular dysfunction, and 17 (6.3%) participants were classified with
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bilateral utricular dysfunction. Based on absent cVEMP responses, 34 (12.5%) participants
were classified with unilateral saccular dysfunction, and 38 (14.0%) participants were
classified with bilateral saccular dysfunction. Average spatial orientation errors were 10.1
(SD 15.5) degrees for 45 degree rotations, 19.0 (SD 20.7) degrees for 90 degree rotations,
and 22.5 (SD 19.8) degrees for 135 degree rotations, see Figure 2.

In the multivariate linear regression model including semicircular canal, utricular, and
saccular function, average spatial orientation error was significantly higher/worse with
bilateral semicircular canal hypofunction (f = 20.9, p = 0.014), see Table 2. Individuals
with bilateral semicircular canal hypofunction estimated rotation amplitudes 20 degrees
larger compared to individuals with normal semicircular canal function. Individuals with
unilateral semicircular canal hypofunction did not make significantly larger errors compared
to individuals with normal semicircular canal function. In a post-hoc Wald comparison,
individuals with bilateral semicircular canal hypofunction also made significantly larger
errors than individuals with unilateral semicircular canal hypofunction (chi square (1) =
7.22, p = 0.0072). Average spatial orientation errors were also significantly larger with
bilateral utricular dysfunction ( = 9.32, p = 0.017). This corresponds to a 9 degree larger
rotational error with bilaterally absent oVEMP responses compared to bilaterally present
oVEMP responses. In a post-hoc Wald comparison, individuals with bilaterally absent
0VEMP responses also made significantly larger errors than individuals with unilaterally
absent oVEMP responses (chi square (1) = 5.82, p = 0.016). Average spatial orientation
error was significantly higher with older age (B = 0.39, p < 0.001). This corresponds to

an almost 4 degree increase in spatial orientation errors for each decade. Average spatial
orientation error was significantly larger for 90 degree rotations (f = 9.33, p < 0.001) and
135 degree rotations (B = 12.74, p < 0.001) compared to 45 degree rotations, see Figure 2. In
post-hoc Wald comparisons, average spatial orientation errors were also significantly larger
for 135 degree rotations compared to 90 degree rotations (chi square (1) = 10.0, p < 0.0016).
Saccular function and sex were not significantly associated with spatial orientation errors.

Discussion

New findings from this study demonstrate that in healthy older adults, age-related

decline in lateral semicircular canal function, utricular function, and aging contribute to
rotational spatial orientation accuracy. Individuals with bilateral hypofunction of the lateral
semicircular canals made significantly larger spatial orientation errors than individuals
with unilateral VOR hypofunction or bilaterally normal VOR gain. This is consistent with
findings that projections from the medial vestibular nuclei contribute to head direction cells
functioning as a compass [16]. Reduced or aberrant peripheral signaling regarding head
rotation velocity may lead to reduced vestibular input projecting to head direction cells,
leading to reduced spatial estimation ability [17]. The current study extends the known
spatial orientation difficulties for individuals with profound bilateral vestibular loss [20,40],
to include individuals with less severe and incomplete age related bilateral hypofunction.
Consistent with previous reports, preserved unilateral vestibular function was sufficient

to allow accurate spatial orientation after passive egocentric rotation [20,40]. Unilaterally
reduced or asymmetric rotational vestibular function did not significantly degrade spatial
orientation ability, at least for the motion parameters and timing used in the current study.

J Vestib Res. Author manuscript; available in PMC 2024 June 13.
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Whether similar results would be obtained for individuals with unilateral hypofunction if
rotational velocities exceeded inhibitory cut-off velocities should be investigated in future
studies. The current results combined with previous studies [20,40], suggest a differential
impact of unilateral vestibular hypofunction on spatial orientation following passive rotation
and mental rotation. Individuals with bilaterally absent utricular function also demonstrated
larger spatial orientation errors compared to individuals with any preserved utricular
function. One possible explanation for the association with spatial errors and utricular
function is that those participants had more complete vestibular loss (i.e. loss of both
semicircular canal and otolith function). Several participants presented with a mixed loss
of vestibular function, see Table 1. However, none of the participants in this study with
bilateral VOR hypofunction also had bilaterally absent oVEMP or cVEMP responses. And
the two individuals presenting with hypofunction based on VOR gain, oVEMP and cVEMP
both had “normal” VOR gain on one side (VOR gain > 0.8) [2]. These results support the
idea of an independent/complimentary utricular pathway for vestibular spatial orientation

in humans. No relationship was identified between rotational spatial orientation errors and
saccular function. This is expected since there was no vertical or tilting motion during the
rotation in the yaw plane.

Unlike profound bilateral vestibular loss, age related vestibular loss can independently
effect semicircular canals or otolith organs [3]. The participants with age related bilateral
reduction in lateral semicircular canal or utricular function in this study, might be less
capable of developing new egocentric spatial mapping due to reduced vestibular signaling
[56]. Individuals with cognitive impairment have greater vestibular impairment [32,70].
Thus, compromised spatial orientation may be prevalent in the general aging population

due to age related vestibular loss, consistent with elevated vestibular perceptual thresholds
[6]. VOR gain does not improve as much after vestibular rehabilitation for individuals with
mild cognitive impairment identified with the MMSE [54]. Reduced accuracy with spatial
orientation may explain worse postural control seen in individuals with impaired cognition
plus unilateral vestibular hypofunction [53], and future studies should examine this in detail.
In this study, the MMSE score was an inclusion criterion, screening out participants with
potential cognitive impairment since the task required individuals to integrate environmental
anchors for a novel spatial map. Although the educational attainment of a few participants
was less than high school, the average educational attainment included at least some college
for this cohort. It is unclear whether individuals with cognitive impairment will experience
worse spatial orientation perceptual performance, similar to worse performance on measures
of postural sway or VOR gain [53,54]. Experiments designed to investigate interactions
between vestibular input and spatial cognition related to self-motion perception are needed.

The spatial landmarks in this experiment were sequentially ordered (A, B, C, D including
intermediate corners, see Figure 1); thus, a strategy of sequence memorization could allow
for correct spatial orientation, independent of an allocentric spatial map. Sequence learning
is a function of the cerebellum [67], and individuals with cerebellar disease have difficulty
with learning sequence based navigation [68]. Rotational spatial orientation ability has been
associated with gray matter volume of the cerebellum [19]. Although the current sequential
design differs from other spatial orientation tasks [38,40,49], this design may be more robust
to vestibular dysfunction. Individuals with bilateral vestibular loss demonstrate increased
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cerebellar activity during spatial navigation tasks, interpreted as a sequence related strategy
for navigation [39]. Although possible, it is unlikely that the present results are based on
sequence learning as similar results were reported using non-sequence oriented landmarks
[40]. Future investigations should directly compare different methods for quantifying spatial
orientation to determine whether accuracy depends on the methodology.

Detecting the start and stop of each rotation would provide rotation timing, facilitating
spatial estimation when combined with a spatial sequence. Movement time, based on
perceiving the start and stop of the rotations, could be employed to solve the question

of how large each rotation was [30,35]. Vestibular stimulation has been shown to

modify timekeeping [10]. These start and stop signals could originate in the vestibular

or somatosensory system via vibration or shear forces at the chair [7,18]. Participants
probably noticed that the different rotation sizes had slightly different time durations during
the familiarization process. Even though time would probably be underestimated due to
blindfolding [25] or more variable due to non-constant velocity rotations [10,35], the relative
difference in perceived time across different amplitudes could be used to estimate rotation
amplitude.

Independent of the vestibular contributions to rotational spatial orientation, we observed
poorer accuracy with older age, corresponding to almost 4 degrees of error for every
additional decade. In a similar study, age was not found to significantly impact spatial
orientation errors [40]. The discrepancy between these studies is likely due to sample size
as the current study was three times larger thereby increasing the power to detect the age
association. The precise mechanism underlying this age association cannot be determined
in the current study. However, self-motion perception has been attributed to a diffuse neural
network [15]. Changes in white and grey matter with aging have been linked to alterations
in diffuse cognitive networks [51,55]. Additional studies are needed to investigate whether
the aging effect reported here reflects a change in the dynamics of neural networks used to
process self-motion perception.

We observed a small but significant increase in spatial orientation errors with increasing
rotation amplitude, independent of vestibular function or age. Previous studies did not
separately evaluate the effect of rotation amplitude on spatial orientation accuracy, likely due
to non-uniform distribution of rotation amplitudes [40]. It is unclear if the increasing error
is an artifact of requiring verbal responses for spatial estimates rather than motor response
(twisting a dial/pointer), as systematic increases in error do not appear to be present for
smaller rotations when saccading or pointing to an initial target [36-38]. Proprioception

has been shown to play a role in visuospatial mapping [36], potentially leading to greater
accuracy with active responses (saccades or pointing) due to sensory feedback from the
motor behavior. Since participants were provided with spatial feedback of the direction they
were facing after each rotation (a spatial anchor within the sequence), early inaccuracies

in spatial mapping could be overcome using feedback learning strategies [50]. Despite

this potential for error reduction during the experiment, average spatial orientation errors
reported here are similar to those reported in similar studies [12,20,26,40], suggesting
limited within experiment change in accuracy. Future studies are needed to determine
whether timing, sequential orientation training, or error based feedback serve to enhance
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spatial orientation ability as these may be beneficial compensatory strategies in the presence
of age related reduced vestibular function.

These cross-sectional data do not support causal inferences between vestibular function,
and spatial orientation accuracy. However, these results highlight both semicircular canal
and utricular function as potential mechanisms important for spatial orientation ability.
There is often a discrepancy between caloric testing and video head impulse testing [5].
Had semicircular canal function been quantified with caloric responses the results may be
different. This population consisted of healthy older adults without cognitive impairment
(MMSE > 23) and the results presented here may differ for individuals with more severe
cognitive or vestibular problems. Additionally, it is possible that participants with high
educational attainment may have had mild cognitive impairment and passed the MMSE
screening [23,66].

Conclusions

Accurate rotational spatial orientation was related to vestibular function, and age. As either
semicircular canal function or utricular function decline, spatial orientation becomes less
accurate.
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AB

CD C BC

Figure 1.
Ilustration of experimental set up for spatial orientation test. Subjects were blindfolded

and wore noise-attenuating headphones. Walls and corners were identified using the alpha-
coordinate system shown based on 45 degree increments.
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Figure2.
Average spatial orientation errors significantly increase across rotation size. Filled black

squares represent group average. Error bars indicate standard error of the mean. Light
gray open circles represent all subject data. All pairwise comparisons were statistically
significant.
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Participant demographics.

Characteristic

Value

Age years (mean (SD), [range])

77.3 years (8.5), [60-95]

Sex (%)
Male | 56.6%
Female | 43.4%
Race (%)
White | 68.4%
Black | 26.5%
Other | 5.1%

Education, years (mean (SD))

16.9 (2.5), [7-24]

MMSE (mean (SD), [range])

28.6 (1.4), [24-30]

Mixed Vestibular Hypofunction (n)

No Hypofunction | 180
VORonly | 7
cVEMP only | 47
oVEMPonly | 13
VOR +cVEMP | 1
VOR +0VEMP | 0
cVEMP + oVEMP | 22
VOR + cVEMP + oVEMP | 2
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Relationship between spatial orientation errors and vestibular function (semicircular canal, utricular, saccular
function) controlling for education), age, and sex. * indicates significant relationships, S.E. is standard error,

95% ClI is the 95% confidence interval, VIF is variance inflation factor.

Variable B SE. 95% CI VIF
Age 0.39* | 0.11 | [0.08,0.61] 1.07
Sex
Female | Ref Ref | Ref
Male | 0.71 1.80 | [-2.82,4.26] 1.01
VOR gain
Bilaterally Normal VOR gain | Ref Ref | Ref
Unilateral Reduced VOR gain | -6.28 5.64 | [-17.3,4.78] 1.04
Bilateral Reduced VOR gain | 20.88 * | 8.47 | [4.27,37.48] 1.01
Utricular Function
Bilaterally Present oVEMP | Ref Ref | Ref
Unilaterally Absent oVEMP | —2.48 3.49 | [-9.31, 4.36] 1.09
Bilaterally Absent oVEMP | 9.32 * 3.90 | [1.69, 16.96] 1.12
Sacular Function
Bilaterally Present cVEMP | Ref Ref | Ref
Unilaterally Absent cVEMP | -1.48 2.82 | [-7.01, 4.05] 1.14
Bilaterally Absent cVEMP | -1.20 2.70 | [-6.50, 4.10] 1.14
Rotation size
45 Degree | Ref Ref | Ref
90 Degree | 9.33* 1.08 | [7.23,11.44] 1.33
135 Degree | 12.73* | 1.17 | [10.44,15.04] | 1.33
Intercept -20.69 | 8.22 | [-36.8,-4.58
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