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Background: Psychometric properties of tests that assess the angular vestibulo-ocular reflex (aVOR) and 
vestibulospinal reflex function are currently unknown. This study investigated the test-retest reliability 
and response stability of gaze stabilization, postural sway, and dynamic balance measures in persons with 
multiple sclerosis (MS) and controls.

Methods: Nineteen adults with MS and 14 controls performed passive horizontal head impulses, quiet 
standing, and dynamic balance tests on two separate occasions. Gaze stabilization measures included 
aVOR gain, number of compensatory saccades (CSs) per head rotation, CS latency, and gaze position 
error. Postural sway included sway amplitude and total sway path. Dynamic balance measure included 
the Functional Gait Assessment. Intraclass correlation coefficient, standard error of measurement (SEM, 
SEM%), and minimal detectable difference at 95% confidence level were calculated.

Results: Test-retest reliability for aVOR gain, CSs per head rotation, and gaze position error was moder-
ate and for each postural sway and dynamic balance measure was good. Low error (SEM, SEM%) for 
aVOR gain, CS latency, postural sway, and dynamic balance variables and low minimal detectable dif-
ference values for aVOR gain and Functional Gait Assessment scores were seen, suggestive of acceptable 
response stability.

Conclusions: These results support the utility of some of the gaze and postural measures for examination 
and treatment efficacy purposes in people with MS. Int J MS Care. 2020;22:136-142.

Balance disorders are frequent in persons with 
multiple sclerosis (MS),1 which may result in 
falls, comorbidities, decreased physical activ-

ity, and impaired quality of life.2,3 Imbalance and a high 
incidence of falls (>50%)4,5 form an important health 
and societal participation concern in persons with MS 

due to the associated restrictions in activities of daily liv-
ing, the injury-related financial costs, and the increased 
risk of mortality.2,3,6 Gaze and postural instabilities have 
been associated with balance impairments and increased 
fall risk in older individuals and in people with various 
neurologic disorders.2,7,8 However, these factors are not 
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clinical dynamic balance (FGA) measures are not dis-
tinctly established in persons with MS, there is a need 
to assess their reliability and response stability to confi-
dently document gaze and postural performance in this 
population. Therefore, to support the use of these out-
come measures for examination and treatment purposes, 
we aimed to investigate the test-retest reliability and 
the stability of repeated responses for gaze stabilization, 
postural sway, and dynamic balance measures in people 
with MS and in age-matched controls. We hypothesized 
that these measures would demonstrate at least moder-
ate reliability and acceptable response stability in people 
with MS and controls.

Methods
Participants

Thirty-nine persons with MS recruited from local neurolo-
gist practices and support groups were screened (Figure S1, 
published in the online version of this article at ijmsc.org). 
Age-matched neurologically healthy controls were recruited 
from the community. The data presented for this study are 
part of a larger trial8 in which the sample size was determined 
from previously observed effect sizes for between-group differ-
ences in angular VOR (aVOR) gain using vHIT.13 The aVOR 
is an involuntary eye movement reflex that stabilizes retinal 
images during angular head perturbations to maintain clear 
vision, and the aVOR gain is typically determined by the ratio 
of peak eye velocity to peak head velocity during head pertur-
bations. Selection criteria for people with MS were as follows: 
18 years or older; confirmed MS diagnosis; able to stand for at 
least 30 seconds without support; Expanded Disability Status 
Scale score of 6.5 or less; fall risk established by meeting one of 
four criteria (≥2 retrospective falls per year, Activities-Specific 
Balance Confidence Scale score <70, Berg Balance Scale score 
<44, or Dizziness Handicap Inventory score >59)20; no history 
of exacerbations in the previous 3 months; no history of other 
peripheral or central nervous system injury or neuro-otologic 
condition besides MS; absence of internuclear ophthalmopa-
resis or ophthalmoplegia; and absence of other orthopedic, 
cognitive, medical, or surgical limitations that may limit their 
study participation.

Study Procedures
Participants who met the inclusion criteria signed an insti-

tutional review board–approved informed consent form and 
provided the medical, MS-related, and fall history via personal 
interviews. Thereafter, the fall risk assessments to identify per-
sons with MS who met any one of the four aforementioned 
fall risk criteria were conducted. Regarding persons with MS 
with fall risk, we excluded those with peripheral vestibular 
pathologic abnormalities identified by a clinical vestibular 
examination. In persons with MS identified as a fall-risk, we 
excluded those with peripheral vestibular pathologies by a 
clinical vestibular examination comprising oculomotor range 
of motion, bedside HIT, VOR cancellation test, saccades, and 

frequently examined in persons with MS during routine 
clinical practice, demonstrating the need for compre-
hensive balance assessments when investigating under-
lying visual, vestibular, or proprioceptive deficiencies. 
Moreover, the measurement properties of various gaze 
and postural assessments have not been well-studied in 
persons with MS, which may further hinder their use by 
clinical providers in practice.

Gaze stabilization during head movements is a func-
tion of the vestibulo-ocular reflex (VOR) and other ocu-
lomotor strategies that generate compensatory eye move-
ments to maintain visual stability of a target.9,10 Accurate 
perception and integration of the vestibulo-ocular and 
vestibulospinal sensations is required to maintain gaze 
and postural stability during daily movements.9 Recent-
ly, the video head impulse test (vHIT) has been used to 
assess gaze stabilization,11 and although the measurement 
accuracy of vHIT has been established in people with 
peripheral vestibular loss,11-13 there are limited data avail-
able on its reliability in individuals with central neuro-
logic disorders such as MS or in healthy individuals.

Postural instability is frequently examined by stand-
ing postural sway and clinical balance measures. Stand-
ing postural sway measures use center of pressure 
(COP)–based findings on a force platform.14 Impair-
ments in standing postural sway have been associated 
with balance and gait impairments15,16 and are identified 
as important factors in the relearning of independent 
standing and walking abilities.17 Still, the reliability of 
static posturographic tests and related spatial domain 
parameters (amplitude, sway path) are less examined in 
people with MS.18,19 Clinical balance measures, on the 
other hand, include a variety of performance-based tests, 
such as reaching, timed walking, and stair climbing tests. 
One such measure is the Dynamic Gait Index, which 
has previously been studied in people with MS20-22; how-
ever, the reliability of a modified version, the Functional 
Gait Assessment (FGA), is currently unknown in per-
sons with MS. Because low scores on the FGA have been 
associated with fall risk and balance deficits in people 
with vestibular disorders,23 there is a need to examine 
its reliability in people with MS who frequently present 
with balance dysfunction.

Identification of reliability and response stability are 
critical to detect true test score changes between two 
sessions beyond that attributable to measurement error. 
Because the psychometric properties of instrumented 
gaze stabilization (vHIT), postural sway (COP), and 
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CSs per head rotation were manually counted for each head 
rotation and then averaged over the number of rotations. For 
investigative purposes, a CS was defined as a horizontal eye 
rotation occurring during the head rotation that assisted a 
deficient aVOR and occurred in the direction of the vestibular 
slow component.25 The CS latency was calculated as the time 
between onset of head acceleration and onset of the first iden-
tifiable CS. The gaze position error was measured by subtract-
ing the eye position from the target position when the head 
velocity returned to zero.

Standing postural sway was assessed using an AMTI 
OR6-7 series force platform (Advanced Mechanical Tech-
nologies Inc, Watertown, MA). The kinetic (COP) data were 
sampled at 200 Hz. Data were captured using Vicon Nexus 
(Vicon Motion Systems, Centennial, CO). The following 
postural sway variables were calculated during a 25-second 
interval of quiet stance: mediolateral sway amplitude, deter-
mined as the maximal excursion of COP in the mediolateral 
direction; anteroposterior sway amplitude, determined as the 
maximal excursion of COP in the anteroposterior direction; 
and total sway path, determined as the cumulative COP 
excursion during the 25 seconds (Appendix S1). Postural 
sway has previously been studied in people with MS to detect 
aberrant sensory contributions using different instrumented 
techniques; however, the measurement properties of specific 
variables were not discussed.26,27

Dynamic balance was examined using the FGA. The FGA 
is a 10-item gait test with established reliability and validity in 
neurologic populations other than MS that assesses stability 
during various walking tasks on a marked 6-m (20-ft) length 
and 12-in-wide walkway.28,29

test of skew.9 Peripheral vestibular pathologic abnormalities 
were screened for using an infrared video goggles system, and 
nystagmus at rest, nystagmus during benign positional vertigo 
tests, and head-shake nystagmus examinations. The consented 
participants subsequently underwent a physical therapist 
(H.G.)–administered neurologic examination (Expanded 
Disability Status Scale).24 The gaze stabilization, standing pos-
tural sway, and dynamic balance measurements were then 
conducted on a single day, followed by a repeated assessment 
on a different day. The assessment days were separated by 
at least 2 days (Figure S1) and were conducted by the same 
assessor (H.G.). The fall risk screening; clinical vestibular, 
neurologic, and instrumented gaze; and balance evaluations 
were performed by a qualified trained assessor with a physical 
therapy license and more than 4 years of experience working 
with individuals with MS (H.G.).

Measures
Gaze stabilization was determined using vHIT goggles 

(GN Otometrics) (Figure S2), which have been previously 
validated in people with aVOR deficits11,12 and have been used 
to demonstrate gaze deficits in persons with MS.8 The experi-
menter administered horizontal (yaw) head impulses to each 
side to collect at least eight trials suitable for analysis (Appen-
dix S1). The study procedure has been described in detail by 
Garg et al.8 The gaze stabilization variables (Figure 1) were 
aVOR gain, number of compensatory saccades (CSs) per head 
rotation, CS latency, and gaze position error. The aVOR gain 
was determined by dividing the desaccaded eye velocity area 
under the curve (AUC) by the head velocity AUC, beginning 
with the onset of the head impulse to the instant when head 
velocity reverted to zero.9 The onset of head movement was 
preferentially determined 
by the methods described 
by MacDougall et al13 as 
the time point 60 mil-
liseconds before maximal 
yaw head acceleration 
and confirmed manually 
by visual inspection. In 
a few instances in which 
the MacDougall et al13 
technique inaccurately 
identified the onset, the 
start of head movement 
was identified as the lat-
est point in time when 
the head velocity rose 
above zero and continued 
to move in the intended 
direction. Although head 
rotations to both (left and 
right) directions were per-
formed, the aVOR gain 
of the worst-functioning 
s ide  was  used as  the 
dependent variable. The 

Fig3 

 

 

Figure 1. Gaze stabilization measures
Eye velocity has been inverted for ease of comparison. Experimental participant with multiple sclerosis 
demonstrating decreased angular vestibulo-ocular reflex gain (0.60) and an overt saccade within 170 
milliseconds of head velocity crossing zero. Abbreviations: accel, acceleration; AUC, area under the 
curve; CNS, central nervous system; CS, compensatory saccade; Deg, degree; Honset, onset of head 
acceleration; Max, maximal.



International Journal of MS Care
139

Gaze, Posture, and Balance Measures

and 16 women with a mean ± SD age of 53.4 ± 11.7 
years, falls per year of 4.2 ± 3.3, and disease duration 
(time since diagnosis) of 16.0 ± 11.4 years, and the con-
trol group included five men and nine women with a 
mean ± SD age of 54.6 ± 11.9 years and falls per year of 
0.07 ± 0.27 (Table 1).

The aVOR gain and gaze position error demonstrated 
moderate reliability in people with MS, and the aVOR 
gain and CSs per head rotation demonstrated moder-
ate reliability in controls. The CS latency demonstrated 
poor reliability in both groups (Table 2). The postural 
sway and dynamic balance measures demonstrated good 
reliability in people with MS (ICC range, 0.87-0.98) 
and controls (ICC range, 0.76-0.90) (Table 2).

Irrespective of the group, aVOR gain, CS latency, 
and all the postural sway and dynamic balance variables 
exhibited low measurement error (SEM% <20) and, 
therefore, acceptable response stability. Relative to con-
trols, larger MDD95 estimates for CSs per head rota-
tion and the postural sway measures were seen in people 
with MS (Table 2). Angular VOR gain and FGA scores 
demonstrated low (<20%) MDD95% in both groups, 
suggesting acceptable response stability.

Discussion
This study aimed to examine the psychometric prop-

erties of gaze stabilization, postural sway, and dynamic 
balance measures by assessing the test-retest reliability 
and response stability between two separate assessments 
in people with MS and controls. We determined that 
most gaze stabilization measures demonstrated moder-
ate test-retest reliability and that the postural sway and 
dynamic balance measures showed good test-retest 
reliability. The aVOR gain, CS latency, and all the 
postural sway and dynamic balance variables demon-
strated SEM% less than 20, and aVOR gain and FGA 
scores showed low MDD95%, suggestive of acceptable 

Data Reduction and Analysis
The collected raw data from the vHIT were exported to 

custom software written in Matlab (The MathWorks, Natick, 
MA) for screening and analysis. Standardized screening mea-
sures were used to discard trials with blinks and movement 
artifacts.30 Briefly, trials were screened using the following 
criteria: visual inspection for appropriateness of eye and head 
movement; blink identification by detecting either a biphasic 
deflection of the eye in the lateral plot or an acute deflec-
tion in the pitch plot.30 Kinetic data from Vicon Nexus was 
imported into Visual 3D software (C-Motion Inc, German-
town, MD) for further analysis. The data were filtered using a 
lowpass, zero-phase shift, Butterworth filter at 20 Hz based on 
visual inspection of the data and the results of a residual analy-
sis.31 IBM SPSS Statistics for Windows, version 23.0 (IBM 
Corp, Armonk, NY) was used for all analyses.

Data for all dependent variables were examined separately 
for persons with MS and controls. Test-retest reliability, which 
reflects the agreement between scores on each testing day, 
was assessed using the intraclass correlation coefficient (ICC) 
with a two-way mixed-effects model (ICC[3,1]).32 The ICC 
point estimators were interpreted using the following criteria: 
ICC less than 0.5 indicates poor; 0.5 to 0.75, moderate; and 
greater than 0.75, good reliability.28 Response stability was 
established by calculations of standard error of measurement 
(SEM) and minimal detectable difference with a confidence 
level of 95% (MDD95). The SEM was computed as SEM 
= SD √(1–estimated reliability coefficient), where SD is the 
pooled standard deviation of test-retest measures, and the 
MDD95 (ie, measure of true change) was calculated as 1.96 × 
√2 × SEM.32 The SEM and MDD95 values, expressed in the 
unit of measurement, describe the limits for change that can be 
considered above the threshold of measurement error and indi-
cate a true change after treatment. The SEM% and MDD95% 
were also determined as a percentage of the mean to produce 
unitless indicators and allow for comparisons. Values for SEM% 
and MDD95% less than 20% were considered conservative 
estimates of low measurement error and acceptable response 
stability.33

Results
Nineteen persons with MS met the inclusion criteria 

and participated. The MS group comprised three men 

Table 1. Descriptive statisticsa

Characteristic MS group (n = 19) Control group (n = 14)

Sex, M/F 3/16 5/9
Age, y 53.4 ± 11.66 (47.80 to 59.04) 54.64 ± 11.88 (47.78 to 61.50)
EDSS score 4.95 ± 1.0 [3.5 to 6.5] NA
Disease duration, y 16 ± 11.44 (10.49 to 21.51) NA
Berg Balance Scale score 46.37 ± 7.10 (42.94 to 49.79) 55.4 ± 1.26 (54.49 to 56.31)
Falls per year 4.16 ± 3.35 (2.54 to 5.76) 0.07 ± 0.27 (–0.08 to 0.23)

Note: Values are given as number, mean ± SD (95% CI), or mean ± SD [range].
Abbreviations: EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; NA, not applicable.
aMost of this table was originally published in Garg H, Dibble LE, Schubert MC, Sibthorp J, Foreman KB, Gappmaier E. Gaze stability, 
dynamic balance and participation deficits in people with multiple sclerosis at fall-risk. Anat Rec (Hoboken). 2018;301(11):1852-1860.  
 2018 Wiley Periodicals, Inc. Used here with permission from John Wiley and Sons.
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response stability. The SEM and MDD values obtained 
from this study should enhance the interpretation of 
gaze and postural stability changes seen after treatment 
in persons with MS and healthy adults during interven-
tion research and during clinical decision making.

Test-Retest Reliability: ICC
The aVOR gain was found to be a moderately reli-

able measure for persons with MS and controls in this 
study. Its moderate ICC value is likely due to within-
individual variability in aVOR gain. Because hand place-
ment technique34 and head thrust velocities35 have been 
identified as sources of variability, we used a consistent 
hand placement technique for all the trials. In addition, 
the mean ± SD head velocities administered on the two 
assessment days were similar (186.80° ± 18.21° per sec-
ond on day 1 vs 187.60° ± 17.65° per second on day 2). 
We also demonstrated moderate reliability for other gaze 
stabilization measures (CSs per head rotation and gaze 
position error). To our knowledge, this is the first study 
to report the test-retest reliability of the horizontal vHIT 
in persons with MS and controls using the GN Otomet-
rics system. These results concur with those of a previous 
study of healthy young adults using a different device.36 
Future studies should investigate the sources of variabil-
ity in gaze stabilization assessments and determine ways 
to minimize it.

Good reliability for postural sway outcomes was 
found in all the study participants. These findings are 
consistent with previous work examining test-retest 
reliability in healthy older adults and individuals with 
stroke.37-39 In addition, the dynamic balance measure 
exhibited good test-retest reliability in all study partici-
pants. Similar results have been demonstrated by previ-
ous studies in individuals with stroke29 and Parkinson 
disease40 (ICC > 0.90), emphasizing the usefulness of the 
FGA in assessing dynamic balance in neurologic popula-
tions. Because the FGA includes progressively challeng-
ing motor tasks, which addresses the visual, vestibular, 
and proprioceptive contributions to balance during gait, 
this test may be better suited for people with MS report-
ing imbalance and a history of frequent falls. This study 
demonstrated better test-retest reliability of the FGA in 
persons with MS (ICC, 0.95) compared with controls 
(ICC, 0.82). Taken together, these results support the 
use of postural sway and dynamic balance assessments 
in clinical practice and as relevant outcome measures in 
research trials using these populations. However, such Ta
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als. Although there is no consensus on the acceptable 
amount of measurement error,33 these findings support 
the use of some of these postural sway and balance 
assessments in clinical and research settings for persons 
with MS as well as healthy adults.

Limitations and Conclusion
Small sample size and heterogeneity may have influ-

enced the results, and, therefore, a larger study that 
includes homogenous groups of older adults and people 
with MS is warranted to support the utility of these gaze 
assessments in clinical practice. In addition, the current 
reliability data may not be generalized to other popula-
tions with neurologic and vestibular conditions. By 
design, this study chose to assess the test-retest reliability 
with a single rater and across different days; therefore, 
these results cannot be applied toward within-day assess-
ments and multiple raters.

In conclusion, the present study found moderate reli-
ability of gaze stabilization measures and good reliability 
of postural sway and dynamic balance measures in per-
sons with MS as well as age-matched controls. Although 
the aVOR gain and FGA measures may be stable across 
repeated testing sessions, a relatively larger change in 
performance may be needed to detect real change for 
the remainder of the gaze stabilization and COP-based 
measures. o

results should be combined with the information on 
measurement error of these instruments.

Response Stability: SEM, MDD95 and SEM%, 
MDD95%

In this study, information from response stability 
metrics allows the clinician or researcher to interpret an 
observed change in an outcome as a potential product 
of measurement error or as a meaningful change in 
vestibular physiology or postural behavior. This study 
found low measurement error (SEM, SEM%) for aVOR 
gain, CS latency, and all the postural sway and dynamic 
balance variables. Low MDD95 and MDD95% values 
were seen for aVOR gain and FGA scores only.

Regardless of group membership, aVOR gain dem-
onstrated acceptable response stability, suggesting that a 
relatively small magnitude of change is required to dem-
onstrate a real change in performance as opposed to the 
other gaze stabilization measures (Table 2). These results 
support the utility of aVOR gain as a sensitive gaze sta-
bility outcome in persons with MS as well as in healthy 
individuals. The contributors to increased measurement 
error in other gaze stabilization measures may include 
the location and severity of demyelination, the stability 
and degree of vestibular dysfunction in the person being 
tested, age, the testing instrumentation, and the testing 
technique. Further research is warranted to characterize 
common sources of measurement error and recommend 
steps to minimize this error for diagnostic, prognostic, 
and rehabilitative purposes.

Low error (SEM% <20%) in the postural sway and 
dynamic balance measures suggests acceptable response 
stability for research and clinical practice. Among the 
COP-based variables, total sway path consistently dem-
onstrated the lowest MDD95 estimates and percentage 
values, suggesting less measurement error than other 
outcomes. Previous studies have found similar results 
in individuals with stroke39 and healthy individuals.37 
Because this study demonstrated a range of MDD95% 
estimates (<50%) for other postural sway variables, fur-
ther research with larger sample sizes is needed to appro-
priately define population-specific outcomes of postural 
sway. This study found better response stability for the 
FGA in both groups as opposed to previous reports,29,40 
however, higher estimates of SEM and MDD95 were 
seen in people with MS compared with healthy older 
adults. Clinically, this implies that to identify a real per-
formance modification, a greater change is required in 
people with MS than in neurologically healthy individu-

PRACTICE POINTS
•	Accurate vestibular sensations allow for stable 

gaze and postural responses during static and 
dynamic positions requiring balance, thus 
highlighting the need for such assessments in 
persons with MS at fall risk.

•	This study addresses the insufficient information 
on clinimetric properties of gaze and postural 
assessments in MS, which might have been a 
hindrance to its application in clinical settings. 
Acceptable reliability and low values of minimum 
error and minimal detectable difference for gaze 
stability (angular vestibulo-ocular reflex gain), 
postural sway (total sway path), and dynamic 
balance (Functional Gait Assessment) measures 
were found.

•	Therefore, clinicians can use both instrumented 
and functional tests to document gaze and 
postural responses in persons with MS.



International Journal of MS Care
142

Garg et al.

19.	Wajda DA, Motl RW, Sosnoff JJ. Three-month test-retest reliability of 
center of pressure motion during standing balance in individuals with 
multiple sclerosis. Int J MS Care. 2016;18:59-62.

20.	Cattaneo D, Regola A, Meotti M. Validity of six balance disor-
ders scales in persons with multiple sclerosis. Disabil Rehabil. 
2006;28:789-795.

21.	Dibble LE, Lopez-Lennon C, Lake W, Hoffmeister C, Gappmaier E. 
Utility of disease-specific measures and clinical balance tests in pre-
diction of falls in persons with multiple sclerosis. J Neurol Phys Ther. 
2013;37:99-104.

22.	Forsberg A, Andreasson M, Nilsagard YE. Validity of the dynamic 
gait index in people with multiple sclerosis. Phys Ther. 2013;93: 
1369-1376.

23.	Wrisley DM, Kumar NA. Functional gait assessment: concurrent, dis-
criminative, and predictive validity in community-dwelling older adults. 
Phys Ther. 2010;90:761-773.

24.	Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an 
expanded disability status scale (EDSS). Neurology. 1983;33: 
1444-1452.

25.	Schubert MC, Migliaccio AA, Clendaniel RA, Allak A, Carey JP. Mech-
anism of dynamic visual acuity recovery with vestibular rehabilitation. 
Arch Phys Med Rehabil. 2008;89:500-507.

26.	Cattaneo D, Jonsdottir J. Sensory impairments in quiet standing in sub-
jects with multiple sclerosis. Mult Scler. 2009;15:59-67.

27.	Cameron MH, Lord S. Postural control in multiple sclerosis: implications 
for fall prevention. Curr Neurol Neurosci Rep. 2010;10:407-412.

28.	Wrisley DM, Marchetti GF, Kuharsky DK, Whitney SL. Reliability, inter-
nal consistency, and validity of data obtained with the functional gait 
assessment. Phys Ther. 2004;84:906-918.

29.	Lin JH, Hsu MJ, Hsu HW, Wu HC, Hsieh CL. Psychometric com-
parisons of 3 functional ambulation measures for patients with stroke. 
Stroke. 2010;41:2021-2025.

30.	Mantokoudis G, Saber Tehrani AS, Kattah JC, et al. Quantifying the 
vestibulo-ocular reflex with video-oculography: nature and frequency of 
artifacts. Audiol Neurootol. 2015;20:39-50.

31.	Winter DA. Biomechanics and Motor Control of Human Movement. 
4th ed: John Wiley & Sons; 2009.

32.	Portney LG, Watkins MP. Foundations of Clinical Research: Applica-
tions to Practice. 3rd ed. Pearson Education Inc; 2009.

33.	Chen HM, Chen CC, Hsueh IP, Huang SL, Hsieh CL. Test-retest 
reproducibility and smallest real difference of 5 hand function tests in 
patients with stroke. Neurorehabil Neural Repair. 2009;23:435-440.

34.	Patterson JN, Bassett AM, Mollak CM, Honaker JA. Effects of hand 
placement technique on the video head impulse test (vHIT) in younger 
and older adults. Otol Neurotol. 2015;36:1061-1068.

35.	McGarvie LA, MacDougall HG, Halmagyi GM, Burgess AM, Weber 
KP, Curthoys IS. The video head impulse test (vHIT) of semicircular 
canal function: age-dependent normative values of VOR gain in 
healthy subjects. Front Neurol. 2015;6:154.

36.	Murnane O, Mabrey H, Pearson A, Byrd S, Akin F. Normative data 
and test-retest reliability of the SYNAPSYS video head impulse test. J 
Am Acad Audiol. 2014;25:244-252.

37.	Lin D, Seol H, Nussbaum MA, Madigan ML. Reliability of COP-based 
postural sway measures and age-related differences. Gait Posture. 
2008;28:337-342.

38.	Rafal S, Janusz M, Wieslaw O, Robert S. Test-retest reliability of mea-
surements of the center of pressure displacement in quiet standing and 
during maximal voluntary body leaning among healthy elderly men. J 
Hum Kinet. 2011;28:15-23.

39.	Gasq D, Labrunee M, Amarantini D, Dupui P, Montoya R, Marque 
P. Between-day reliability of centre of pressure measures for bal-
ance assessment in hemiplegic stroke patients. J Neuroeng Rehabil. 
2014;11:39.

40.	Leddy AL, Crowner BE, Earhart GM. Functional gait assessment and 
balance evaluation system test: reliability, validity, sensitivity, and 
specificity for identifying individuals with Parkinson disease who fall. 
Phys Ther. 2011;91:102-113.

Financial Disclosures: The authors declare no conflicts of interest.

Funding/Support: This investigation was supported by the Nation-
al Multiple Sclerosis Society (grant PP1841).

Prior Presentation: These data have been presented in part as a 
poster at the Fourth International Symposium on Gait and Balance in 
Multiple Sclerosis; October 10-11, 2014; Cleveland, OH. In addi-
tion, separate from this research question and article, part of the 
gaze stability assessment procedure and data has been previously 
published in Garg et al.8

References
  1.	 Frzovic D, Morris ME, Vowels L. Clinical tests of standing balance: 

performance of persons with multiple sclerosis. Arch Phys Med Rehabil. 
2000;81:215-221.

  2.	Cattaneo D, De Nuzzo C, Fascia T, Macalli M, Pisoni I, Cardini R. 
Risks of falls in subjects with multiple sclerosis. Arch Phys Med Rehabil. 
2002;83:864-867.

  3.	Matsuda PN, Shumway-Cook A, Ciol MA, Bombardier CH, Kartin DA. 
Understanding falls in multiple sclerosis: association of mobility status, 
concerns about falling, and accumulated impairments. Phys Ther. 
2012;92:407-415.

  4.	Cattaneo D, Regola A, Meotti M. Validity of six balance disor-
ders scales in persons with multiple sclerosis. Disabil Rehabil. 
2006;28:789-795.

  5.	Nilsagard Y, Lundholm C, Denison E, Gunnarsson LG. Predicting acci-
dental falls in people with multiple sclerosis: a longitudinal study. Clin 
Rehabil. 2009;23:259-269.

  6.	Noori M, Hosseini SA, Shiri V, Akbarfahimi N. The relationship 
between balance and activities of daily living with the quality of 
life of patients with relapsing-remitting multiple sclerosis. J Rehabil. 
2019;19:292-301.

  7.	Agrawal Y, Davalos-Bichara M, Zuniga MG, Carey JP. Head impulse 
test abnormalities and influence on gait speed and falls in older indi-
viduals. Otol Neurotol. 2013;34:1729-1735.

  8.	Garg H, Dibble LE, Schubert MC, Sibthorp J, Foreman KB, Gapp-
maier E. Gaze stability, dynamic balance and participation deficits 
in people with multiple sclerosis at fall-risk. Anat Rec (Hoboken). 
2018;301:1852-1860.

  9.	Herdman SJ. Vestibular Rehabilitation. 3rd ed. F.A. Davis Co; 2007.
10.	Schubert MC, Hall CD, Das V, Tusa RJ, Herdman SJ. Oculomotor strat-

egies and their effect on reducing gaze position error. Otol Neurotol. 
2010;31:228-231.

11.	Weber KP, MacDougall HG, Halmagyi GM, Curthoys IS. Impulsive 
testing of semicircular-canal function using video-oculography. Ann N 
Y Acad Sci. 2009;1164:486-491.

12.	MacDougall HG, Weber KP, McGarvie LA, Halmagyi GM, Curthoys 
IS. The video head impulse test: diagnostic accuracy in peripheral ves-
tibulopathy. Neurology. 2009;73:1134-1141.

13.	MacDougall HG, McGarvie LA, Halmagyi GM, Curthoys IS, Weber 
KP. The video Head Impulse Test (vHIT) detects vertical semicircular 
canal dysfunction. PLoS One. 2013;8:e61488.

14.	Visser JE, Carpenter MG, van der Kooij H, Bloem BR. The clinical utility 
of posturography. Clin Neurophysiol. 2008;119:2424-2436.

15.	Sawacha Z, Carraro E, Contessa P, Guiotto A, Masiero S, Cobelli C. 
Relationship between clinical and instrumental balance assessments 
in chronic post-stroke hemiparesis subjects. J Neuroeng Rehabil. 
2013;10:95-101.

16.	Lajoie Y, Gallagher SP. Predicting falls within the elderly community: 
comparison of postural sway, reaction time, the Berg balance scale 
and the Activities-specific Balance Confidence (ABC) scale for compar-
ing fallers and non-fallers. Arch Gerontol Geriatr. 2004;38:11-26.

17.	de Haart M, Geurts AC, Huidekoper SC, Fasotti L, van Limbeek J. 
Recovery of standing balance in postacute stroke patients: a rehabilita-
tion cohort study. Arch Phys Med Rehabil. 2004;85:886-895.

18.	Prosperini L, Fortuna D, Gianni C, Leonardi L, Pozzilli C. The diag-
nostic accuracy of static posturography in predicting accidental 
falls in people with multiple sclerosis. Neurorehabil Neural Repair. 
2013;27:45-52.




