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Abstract

Sinusoidal Harmonic Acceleration (SHA), a subtest within rotational
chair assessments, evaluates vestibulo-ocular reflex (VOR) function
across a range of physiologic frequencies. This study explored VOR
performance using SHA testing conducted with the NeuroKinetics
(NOTC) rotational chair, focusing on normative findings in a healthy
young adult population.

Thirty-four participants aged 18 to 28 with normal vestibular
function were assessed at seven frequencies (0.01, 0.02, 0.04, 0.08,
0.16, 0.32, and 0.64 Hz) using a peak chair velocity of 60°/sec. VOR
metrics—gain, phase, and asymmetry—were analyzed using two-
way repeated measures ANOVA to evaluate the effects of frequency
and sex. Results revealed no statistically significant differences in
gain, phase, or asymmetry across frequencies or between sexes.
These findings suggest that VOR function remains stable within
this age range regardless of stimulus parameters or participant sex,
establishing a consistent normative baseline.

For rehabilitation professionals, including audiologists and physical
therapists, these normative values provide essential benchmarks
for identifying deviations that suggest vestibular dysfunction.
They support accurate diagnosis, targeted treatment, and effective
rehabilitation monitoring. Device-specific datasets enhance the
diagnostic precision and clinical utility of vestibular assessments.

Keywords: Vestibular Rehabilitation, Sinusoidal Harmonic
Acceleration (SHA), Vestibulo-Ocular Reflex (VOR), Rotational
chair Testing, Normative Data

Introduction

Dizziness and balance disorders are among the most frequently
reported complaints in clinical settings, with approximately 69
million Americans experiencing some form of dizziness each year
[1]. A healthy vestibular system is critical in maintaining balance,
stabilizing gaze, and supporting spatial orientation. Symptoms such
as dizziness, imbalance, or vertigo often indicate dysfunction within
this system. Accurate diagnosis of vestibular pathology is essential

for guiding effective treatment planning and reducing fall risks, one
of the leading causes of injury and mortality in older adults [2].

Vestibular function is supported by a complex interplay of peripheral
and central structures. The peripheral vestibular apparatus, situated
in the inner ear, comprises the semicircular canals and otolith
organs, which detect rotational and linear acceleration of the head,
respectively [3]. The peripheral structures communicate with central
vestibular pathways to produce coordinated reflexes, such as the
vestibulo-ocular reflex (VOR) and the vestibulospinal reflex (VSR).
The VOR, in particular, plays a key role in gaze stabilization by
producing eye movements opposite to head motion, allowing visual
fixation to be maintained during movement [3].

To evaluate vestibular system integrity, clinicians employ a battery
of diagnostic vestibular tests. Among these, rotational chair testing
is widely accepted as a physiologically accurate and reliable
assessment that simulates natural head movements across various
frequencies. A commonly used subtest within this modality is the
Sinusoidal Harmonic Acceleration (SHA) test, which quantifies
VOR performance by measuring gain (the ratio of the eye-to-head
velocity), phase (the timing relationship between eye and head
movements), and asymmetry (the difference in responses to leftward
versus rightward rotations).

Research suggests that factors such as sex, age, and stimulus
frequency may influence SHA outcomes [4]. Clinicians must depend
on well-controlled normative studies to interpret individual results
accurately. The rotational chair is a clinically accepted vestibular
test measure. However, limited research exists regarding normative
SHA values obtained using this specific equipment [1]. This lack
of normative data hinders clinicians’ ability to interpret test results
confidently and reliably distinguish normal from pathological
vestibular function [5].

This study aimed to evaluate SHA performance in a sample of
healthy young adults using the NeuroKinetics rotational chair.
Specifically, the objectives were to (1) establish normative data
for SHA parameters: gain, phase, and asymmetry across seven test
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frequencies ranging from 0.01 Hz to 0.64 Hz, and (2) assess whether
these measures varied by sex or stimulus frequency. Addressing
these goals will contribute valuable normative data and improve
the clinical utility of rotational chair testing for both diagnostic and
rehabilitative applications.

Materials and Methods

The purpose of this study was to establish normative data for
healthy young adults, aged 18-28, using standardized protocols
for the Sinusoidal Harmonic Acceleration (SHA) subtest of the
NeuroKinetics I-Portal NOTC rotational chair. A quantitative
research design was employed to examine the relationships between
the independent variables, sex and stimulus frequencies (0.01, 0.02,
0.04, 0.08, 0.16, 0.32, and 0.64 Hz), and the dependent variables,
SHA measures of gain, phase, and asymmetry. A repeated measure
analysis of variance (ANOVA) was selected to evaluate differences
both within and between subjects, accounting for variability across
conditions and reducing error variance [6].

Participants included 34 healthy individuals (4 males and 30 females).
All participants completed the Dizziness Handicap Inventory (DHI),
a validated tool assessing the self-perceived impact of dizziness.
Scores below 15 were required for inclusion, indicating minimal or
no perceived vestibular impairment [7]. Exclusion criteria included
any history of vestibular or otologic disorders, hearing loss, visual
impairments (other than corrected vision), neurological conditions,
or abnormal vestibular or audiologic test results. Screening included
assessments of spontaneous and gaze-evoked nystagmus, saccades,
and smooth pursuit, all of which were within normal age-appropriate
limits.

Participants were instructed to refrain from caffeine and vestibular
suppressant medications for 24 hours prior to testing. To avoid
interference with video-oculography, participants were also asked
not to wear facial or eye makeup. Testing was conducted using
the NeuroKinetics [-Portal NOTC rotary chair system, which
delivers earth-vertical axis rotation and is capable of measuring
VOR responses from 0.001 to 1.28 Hz at velocities up to 300°/s.
The system operates using VEST 7.5 software in a light-tight room.

Eye movements were recorded with video-nystagmography (VNG)
goggles and processed via I-Portal 3.2 software. Participants were
seated securely in the chair with proper head coupling to ensure
horizontal canal alignment within the plane of rotation. Each
participant was engaged in alerting tasks to maintain attention.
Calibration was performed prior to each trial, and eye movements
were recorded using 4D binocular video-oculography. The SHA
subtest was administered at seven frequencies (0.01-0.64 Hz) with
a constant peak velocity of 60°/s. Testing lasted approximately 20
minutes.

Analyses were conducted using JASP software [8]. Repeated
measures ANOVA was used to evaluate the effects of sex and
frequency on gain, phase, and asymmetry, accounting for within-
subject and between-group variance. Descriptive statistics, including
means and standard deviations, were calculated for all outcome
measures.

Results

Due to the interval data and the study's within- and between-subjects
design, two repeated measures ANOVAs were conducted to compare
the effects of stimulus frequency and participant sex on gain, phase,
and asymmetry. Mauchly's sphericity test indicated a sphericity
violation (p < .05) for all three ANOVAs. It is worth noting that
Mauchly's test can overestimate the effects in small sample sizes,
potentially inflating Type I error rates (Laerd Statistics, n.d.).
Interpretation of effect sizes followed Cohen's (1988) guidelines:
small effect (np? = .01), medium effect (np? = .06), and large effect
(mp*=.14).

Results revealed a significant main effect of frequency on gain
(F(6, 192) = 8.659, p < .001). Post-hoc analysis (Table 5) showed
significant differences in gain between 0.01 Hz and 0.04, 0.08, 0.16,
and 0.64 Hz, as well as between 0.02 Hz and 0.04, 0.16, and 0.64 Hz.
No significant main effects of sex or sex x frequency interactions
were found. Table 1 presents the average vestibulo-ocular reflex
(VOR) gain, standard deviations, and minimum and maximum
values across all tested frequencies.

~

Frequency | Mean Gain SD Min Max
(Hz)
0.01 0.382 0.088 0.294 0.470
0.02 0.409 0.111 0.298 0.520
0.04 0.469 0.127 0.342 0.596
0.08 0.478 0.135 0.343 0.613
0.16 0.508 0.151 0.357 0.659
0.32 0.486 0.180 0.306 0.666
0.64 0.558 0.195 0.363 0.753
Table 1: Vestibulo-Ocular Reflex (VOR) Gain by Frequency

J

A repeated measures ANOVA also showed a significant effect of
frequency on phase (F(6, 192) = 66.811, p <.001). Post-hoc analysis
(Table 6) indicated significant differences in phase between 0.01 and
0.02 Hz, 0.01 and 0.04 Hz, 0.02 and 0.04 Hz, 0.04 and 0.08 Hz, and

0.08 and 0.16 Hz. No significant main effect of sex or interaction
between sex and frequency was found. Table 2 presents each tested
frequency's average VOR phase, standard deviations, and minimum
and maximum values.

=~

Frequency | Mean Phase SD Min Max

(Hz) ©
0.01 0.382 0.088 0.294 0.470
0.02 24.946 6.701 18.245 31.647
0.04 12.937 6.003 6.936 18.640
0.08 4.544 5.337 -0.793 9.881
0.16 -0.169 6.600 -6.769 6.431
0.32 -0.338 5.448 -5.786 5.110
0.64 2.323 5.627 -3.304 7.950

Table 2: Vestibulo-Ocular Reflex (VOR) Phase by Frequency
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Finally, a repeated measures ANOVA revealed a significant main
effect of frequency on asymmetry (F(6, 192) =4.735, p <.001). Post-
hoc analysis (Table 7) indicated substantial differences in asymmetry
between 0.01 and 0.02 Hz and between 0.02 and 0.64 Hz. Again,

no significant main effect of sex or interaction between sex and
frequency was observed. Table 3 presents all frequencies' average
VOR asymmetry values, standard deviations, and minimum and

maximum values.

Frequency Mean SD Min Max
(Hz) Asymmetry (%)
0.01 0.787 7.659 -6.872 8.446
0.02 8.766 9.002 -0.226 17.768
0.04 6.328 8.065 -1.737 14.393
0.08 5.473 10.060 -4.587 15.533
0.16 4.611 11.020 -6.409 15.631
0.32 3.372 10.465 -7.093 13.837
0.64 1.478 7.470 -5.992 8.948

G able 3. Vestibulo-Ocular Reflex (V/OR) Asymmetry by Frequency

The data collected in this study provided the Commonwealth
University-Bloomsburg clinicians with normative values for
gain, phase, and asymmetry derived from sinusoidal harmonic
acceleration (SHA) testing in young adults. Reference ranges were
calculated using each parameter's mean and standard deviation to
define minimum and maximum values and represented as descriptive
statistics (Table 4). Post hoc analyses (Tables 5, 6, & 7) revealed
significant main effects of stimulus frequency on all three vestibulo-

ocular reflex (VOR) measures of gain, phase, and asymmetry,
with the most pronounced differences occurring at lower-
frequency stimuli (<0.16 Hz). These findings suggest that stimulus
frequency significantly influences VOR performance, with less
variability observed at lower frequencies. No significant effects
or interactions were found for sex, indicating that VOR function
does not differ meaningfully between male and female participants.

-~

~

-

Frequency Mean SD Gain Mean SD Phase Mean SD
(Hz) Gain Phase (°) Asymmetry (%) | Asymmetry
0.01 0.382 0.088 0.382 0.088 0.787 7.659
0.02 0.409 0.111 24.946 6.701 8.766 9.002
0.04 0.469 0.127 12.937 6.003 6.328 8.065
0.08 0.478 0.135 4.544 5.337 5.473 10.060
0.16 0.508 0.151 -0.169 6.600 4.611 11.020
0.32 0.486 0.180 -0.338 5.448 3.372 10.465
0.64 0.558 0.195 2.323 5.627 1.478 7.470

\ Table 4: Summary Descriptive Statistics j
T Comparison p-value | Significance
0.01 Hz vs 0.04 Hz <0.05 Yes
0.01 Hz vs 0.08 Hz <0.05 Yes
0.01 Hzvs 0.16 Hz <0.05 Yes
0.01 Hz vs 0.64 Hz <0.05 Yes
0.02 Hz vs 0.04 Hz <0.05 Yes
0.02Hz vs 0.16 Hz <0.05 Yes
0.02 Hz vs 0.64 Hz <0.05 Yes
Table 5: Post Hoc Comparisons of Gain Between
\ Frequencies )
Comparison p-value Significance
0.01 Hz vs 0.02 Hz <0.05 Yes
0.01 Hz vs 0.04 Hz <0.05 Yes
0.02 Hz vs 0.04 Hz <0.05 Yes
0.04 Hz vs 0.08 Hz <0.05 Yes
0.08 Hz vs 0.16 Hz <0.05 Yes
Table 6: Post Hoc Comparisons of Phase Between
Frequencies
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Comparison p-value | Significance
0.01 Hzvs 0.02Hz | <0.05 Yes
0.02Hzvs 0.64 Hz | <0.05 Yes

Table 7: Post Hoc Comparisons of Asymmetry
Between Frequencies

The highest average VOR phase (24.946 + 6.701 degrees) was
observed at 0.02 Hz, aligning with the findings of Li et al. [9], who
reported a similar increase in phase lag at this frequency compared
to higher frequencies. Asymmetry data, while included, were
interpreted cautiously due to their inherent variability and the limited
normative data in young adults [1].

Discussions

When a patient's dizziness is suspected to originate from a vestibular
source, rotational chair (RC) testing offers unique diagnostic
advantages. RC testing evaluates bilateral vestibular function,
approximates natural physiologic conditions, and enables monitoring
of central compensation, an important consideration in therapeutic
planning [1]. While device manufacturers supply most normative
data for RC testing, the methodologies used to collect these data
are often proprietary. Few peer-reviewed studies offer transparent,
age-stratified normative data that can be confidently applied across
diverse patient populations. This study contributes to the literature
by providing such data for young adults, enhancing -clinical
interpretability in this demographic.

A key advantage of SHA testing is its precise, computer-controlled
delivery of acceleration, velocity, oscillation duration, and amplitude,
which supports accurate, reproducible VOR measurements [9].
Despite its clinical utility, the current literature on SHA is still
evolving. This study addresses a critical gap by establishing
normative reference values for a narrowly defined yet clinically
relevant age group.

This study investigated the effects of stimulus frequency and sex on
SHA-derived VOR gain, phase, and asymmetry measures. Frequency-
and sex-specific averages are presented with the data. No significant
differences were found between male and female participants
across the VOR measures. However, stimulus frequency significantly
affected outcomes. Specifically, responses became less variable at
lower frequencies (<0.16 Hz), underscoring the diagnostic value of
including low-frequency stimuli in SHA protocols. These findings are
consistent with prior research by Li et al. [9], who reported increased
phase lag at frequencies <0.04 Hz, which normalized at higher
frequencies (0.08-0.64 Hz). This suggests that higher-frequency
SHA testing alone may fail to detect abnormalities identifiable at
lower frequencies.

The normative data established in this study provide clinically
useful reference values for SHA testing using the NOTC rotary chair
in young adults. However, interpretation of these findings should
consider the study's limitations, particularly the narrow age range
(18-28 years) and the unbalanced sex distribution (30 females, four
males). While existing evidence suggests sex does not significantly
impact vestibular function, future studies with more balanced cohorts
are warranted.

The findings of this study hold important implications for vestibular
rehabilitation professionals, including audiologists, physical
therapists, and occupational therapists involved in evaluating and
managing dizziness and balance disorders. Access to normative
VOR gain, phase, and asymmetry values enables clinicians to more
accurately identify vestibular dysfunction's presence, severity,
and laterality. Notably, the reduced variability observed at lower
frequencies reinforces the importance of including these frequencies
in SHA protocols—especially when assessing patients with mild,
compensated, or bilateral vestibular deficits.

These findings can directly inform the design and progression of
vestibular rehabilitation interventions. Frequency-specific VOR

deficits identified through SHA testing may guide the selection of
targeted gaze stabilization exercises and adaptive protocols that
address the impaired frequency range. Furthermore, accessing
normative data for young adults supports clinicians in distinguishing
pathological findings from normal age-related variability, enhancing
diagnostic precision.

Rehabilitation professionals can also use these data to tailor
interventions based on individual functional profiles and recovery
trajectories, contributing to more efficient and personalized care.
Integrating these insights into vestibular therapy practice may
improve patient outcomes by facilitating early identification and
focused treatment of subtle or early-stage vestibular impairments.

Future research should adopt longitudinal designs to investigate
the progression of VOR function and compensation across the
lifespan. Broader and more balanced samples, particularly in age
and sex, are needed to enhance the generalizability of findings.
Moreover, developing normative datasets for other commonly used
rotary chair subtests such as step velocity, subjective visual vertical
(SVV), subjective visual horizontal (SVH), and dynamic unilateral
centrifugation would support evidence-based clinical decision-
making. Lastly, given the time-intensive nature of SHA testing,
future studies should assess whether each tested octave frequency
provides unique, clinically actionable information that justifies its
inclusion in routine assessment protocols.
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