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Background and Objectives

Even patients with compensated peripheral vestibular dys-

Received June 16, 2016
Revised January 3, 2017
Accepted January 21, 2017

Address for correspondence
Eun Jin Son, MD, PhD
Department of Otorhinolaryngology,
Gangnam Severance Hospital,
Yonsei University

College of Medicine,

211 Eonju-ro, Gangnam-gu,
Seoul 06273, Korea

Tel +82-2-2019-3460

Fax +82-2-3463-4750

E-mail ejson@yuhs.ac

function may report a sense of disequilibrium during daily activities, which often fail conven-
tional vestibular function tests as attentional demand required for postural control may increase
in these patients. The study aims to assess the feasibility of dual task test using concurrent cog-
nitive tasks in a modified clinical test of sensory interaction on balance (mCTSIB) to measure
increased attentional demand for posture control.

Subjects and Method Nineteen patients suspected with chronic dizziness were recruited by
history reviews and physical examinations. Data for center of pressure (COP) variability and
mean velocity during mCTSIB on a force long plate were analyzed, and time taken to react to
the auditory stimuli were used to measure the attentional demand required for adequate postur-
al control during platform perturbation.

Results The mean COP range and velocity during mCTSIB were comparable between sin-
gle and dual task conditions in patients with dizziness. Reaction time (RT) to auditory stimu-
lus of 1 kHz pure tone in patients with chronic dizziness was also comparable to normal sub-
jects. Interestingly, there was a tendency for increased RT in patients with documented caloric
weakness, suggesting that attentional demand is increased in these patients.

Conclusion RT of dual task tests using auditory stimuli during mCTSIB may provide addi-
tional information about increased attentional demand for postural control in patients with ves-
tibular dysfunction. Korean J Otorhinolaryngol-Head Neck Surg 2017;60(5):215-21

Key Words  Attention - Posture - Reaction time - Task performance and analysis -
Vestibular diseases.

Introduction

Sensory input from visual, vestibular and somatosensory
systems provide fundamental information for balance and
posture control in humans. Posture control is coordinated by

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

the central nervous system that integrates the sensory informa-
tion and relays appropriate motor control. Notably, cognitive
functions such as attention are required in posture control."”

During the acute phase of peripheral vestibular dysfunc-
tion, the patients suffer severe symptoms of vertigo and defi-
cits in posture control, highlighted by lateropulsion and dif-
ficulty in performing Romberg tests. In compensated phase,

most of the patients are able to perform daily activities with-
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out much distress even though vestibular hypofunction may
persists as evidenced by caloric test, rotational chair test or
vestibular evoked myogenic potential tests. However, a por-
tion of patients experienced persistent vestibular symptoms
that hinder their return to the daily routine. In these patients,
while the subjective measures of the vestibular symptoms re-
flect the burden on daily activities, the results of dynamic
posturography testing are often within normal range and their
frustration may be overlooked by the physicians as mere emo-
tional or psychological.

The ability to maintain an erect posture commands com-
plex sensory-motor and cognitive processes.” Attentional de-
mand for maintaining a given posture is increased in various
conditions including normal aging, after stroke and muscu-
loskeletal disorders.”” Increased attentional demand has been
correlated with increased fall risks.*” Based on these stud-
ies, we hypothesized that some patients with “compensated”
vestibulopathy experience vestibular symptoms due to in-
creased attentional demand for posture control in everyday
life situations where the attentional must be allocated for ex-
ecution of multiple tasks as well as balance control.

In this study, we aimed to assess the feasibility of dual task
test using concurrent cognitive task to the modified clinical test
of sensory interaction on balance (mCTSIB) to measure the
increased attentional demand for posture control in patients
with persistent vertigo symptoms.

Subjects and Method

Subjects
Eight healthy controls (M:F=2:6, mean age 27.4 years, stan-
dard deviation 2.9) were included in the study (Table 1). They

Table 1. Clinical characteristics

reported no vestibular symptom or had been clinically diag-
nosed with any vestibular disorders. All underwent a com-
plete medical examination and only individuals free from
known muscular, neurological or cardiovascular deficits took
part in the study. Nineteen patients with chronic dizziness
(M:F=9:10, age 52.6+16.5 years) were also recruited (Table
1). Peripheral vestibular dysfunction was diagnosed from the
review of patients’ history, physical examinations and ves-
tibular test results: the clinical diagnoses included compen-
sated vestibular neuritis, persistent dizziness after benign
paroxysmal positional vertigo (BPPV), and chronic non-spe-
cific dizziness. Patients with previous attack(s) of BPPV were
included only when they reported persistent dizziness symp-
toms for longer than one month. The patient group was sub-
divided according to presence of canal paresis (CP) on calor-
ic testing (CP>22% considered abnormal). Using CP, the
sensitivity for this test alone was 12—18% and its specificity
was 93—100%.'” The Institutional Review Board for the au-
thor’s affiliated University College of Medicine and author’s
hospital approved this study.

Study protocol

mCTSIB was performed as the single task test on an Equit-
est” (NeuroCom International Inc., Portland, OR, USA) in ac-
cordance with the NeuroCom instruction manual.'"” Partici-
pants were instructed to maintain their posture as stable as
possible during 4 different conditions of mCTSIB: standing on
firm surface with eyes open (Firm-EO), on firm surface with
eyes closed (Firm-EC), on foam surface with eyes open (Foam-
EO), and on foam surface with eyes closed (Foam-EC). Three
repetitions were done for each of the four test conditions. We
measured the center of pressure (COP) variability during

Patients with chronic dizziness (n=19)

Variables subjects (n=8) Al paitEs With 'con_ol WiTho'uT c?nol
paresis (nN=6) paresis (N=13)
M:F 9:10 3:3 6.7
Age (mean+SD, years) 52.6+16.5 60.5+14.3 49.0+£16.6
Height (mean+SD, cm) 164.7+10.0 161.5£10.6 166.2£9.7

Clinical diagnosis
(number of patients)

Duration of dizziness
symptoms (mean+SD,
range, months)

Canal paresis on caloric
test (mean+SD, %)

Vestibular neuritis (12)
BPPV (3)
Non-specific dizziness (4)

9.6+26.2 (1-120)

24.0+0.27

Vestibular neuritis (4)
BPPV (1)
Non-specific dizziness (1)

20.1+44.2 (1-120)

56.2+0.27

Vestibular neuritis (8)
BPPV (2)
Non-specific dizziness (3)

40+3.7 (1-10)

9.0£0.05

BPPV: benign paroxysmal positional vertigo,
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mCTSIB on a force long plate. Mean COP sway velocity was
calculated as the average of the three trials and composite
sway scores is calculated as the mean sway velocity averaged
over the twelve trials.

Dual task test using the auditory reaction time (RT) task
was performed in order to assess attentional demand required
for posture control (Fig. 1). The participants were instructed
to respond to auditory stimulus as quickly as possible by press-
ing a button on a hand-held device, and the RT, the elapsed
time between the presentation of a sensory stimulus and the
subsequent behavioral response, was measured. Twelve au-
ditory stimuli (sound frequency of 1000 Hz) were presented
through a loud speaker located 1m behind the participant at
random intervals of 0.8 to 2 sec by steps of 0.2 sec. The RT
measurements to the first and last stimuli were excluded. No
instruction was given regarding the priority between the pos-

Attentional Demand in Patients with Dizziness I Lee EJ, et al.

tural and RT tasks during dual task conditions. Mean COP
sway velocity and RT data acquired from the dual task tests
were compared to single-task baseline data.

Statistical analysis

All data are reported as mean values+tstandard deviation.
Two-way repeated-measures analyses of variance were ap-
plied to the dependent variables, depending on the conditions,
to investigate differences between groups and/or conditions.

Results

Mean COP sway velocity during single vs. dual task test

Mean COP sway velocity scores were analyzed for the four
conditions (Firm-EO, Firm-EC, Foam-EO, and Foam-EC) dur-
ing single task test of mCTSIB and dual task test of mCTSIB
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Fig. 1. Mean COP way velocity during single and dual task tests. Mean COP sway velocity scores for each of 4 mCTSIB conditions and
composite scores were compared for healthy subjects during single and dual task tests. The mean COP sway velocity tended to de-
crease during dual task conditions in healthy subjects (A). The mean COP sway velocity scores were similar for patients with chronic
dizziness compared to those of the healthy subjects (B). Again, the mean COP sway velocity scores were similar between the patient
groups with canal paresis (C) and without canal paresis (D). Firm-EQ: firm surface with eyes open, Firm-EC: firm surface with eyes closed,
Foam-EO: foam surface with eyes open, Foam-EC: foam surface with eyes closed, COP: center of pressure, mCTSIB: modified clinical

test of sensory interaction on balance.
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and auditory RT task (Fig. 1). Overall, mean COP sway veloc-
ity increased with increased difficulty in each condition as ex-
pected, in the order of Firm-EO, Firm-EC, Foam-EO, to Foam-
EC. In healthy subjects, the mean COP sway velocity was not
significantly different dual task compared to single-task test,
in all four conditions (Fig. 1A). In all patients with chronic diz-
ziness, the mean center of gravity (COG) sway velocity scores
showed similar patterns to those of the healthy subjects (Fig.
1B), no significant difference was found between dual task
and single task tests. In chronic dizziness patients with CP, the
mean COP sway velocity scores did not differ significantly be-
tween single task and dual task tests (Fig. 1C). Likewise, in
chronic dizziness patients without CP, the mean COP sway
velocity scores were not significantly different (Fig. 1D).
Next, we compared whether mean COP sway velocity dif-
fered among healthy subjects and subgroups of patients with
chronic dizziness. In single task tests, there was no statisti-
cally significant difference in mean COP sway velocity
when we compared healthy subjects vs. all patients with
chronic dizziness, healthy subjects vs. patients with CP,
healthy subjects vs. patients without paresis, or patients with

CP vs. without CP (Table 2). In dual task tests, there was no
statistically significant difference in mean COP sway veloci-
ty among healthy subjects and subgroups of patients with
chronic dizziness (Table 3).

Reaction time

In order to assess the attentional demand during posture
control in the four mCTSIB conditions, RTs to auditory stim-
uli were measured (Fig. 2). When only the RT task was given,
the RT was 315.0+12.1 msec for the healthy subjects and 307.3+
31.8 msec for patients with chronic dizziness. RT measure-
ments from dual task tests were similar for the healthy sub-
jects and patients with chronic dizziness in all condition (Fig.
2A). However, when we compared the RT measurements be-
tween the patient groups with and without CP in each test
condition, RT to auditory stimuli was increased in patients
with CP, although statistically not significant. The trend sug-
gests that the patients with documented CP required more
attention to maintain posture during dual task test (Fig. 2B).

Next, we compared RT measurements during dual task
test among healthy subjects and subgroups of patients with

Table 2. Comparison of COP sway velocity during mCTSIB test in single-task condition among patients with chronic dizziness and

healthy subjects
. Patients with chronic dizziness
Healthy subjects, - N N 3 -
e S All patients, With canal paresis, Without canal paresis,

mean=+SD mean=+SD mean=+SD
Composite score 0.20+0.10 0.97+0.19 1.03+0.12 0.95+0.30
Firm-EO 0.41+0.17 0.37+0.11 0.37+0.05 0.38+0.13
Firm-EC 0.41£0.11 0.56+0.18 0.57+0.18 0.56+0.23
Foam-EO 0.71+0.09 0.73£0.19 0.78+0.13 0.73+0.26
Foam-EC 2.03+0.24 2.14+0.69 2.27+0.59 2.10+0.87
p-value - 0.73* 0.39* 0.32*%, 0.99t

xcompared to healthy subjects, fcompared to patients with canal paresis. SD: standard deviation, Firm-EO: firm surface with
eyes open, Firm-EC: firm surface with eyes closed, Foam-EO: foam surface with eyes open, Foam-EC: foam surface with eyes
closed, COP: center of pressure, mCTSIB: modified clinical test of sensory interaction on balance

Table 3. Comparison of COP sway velocity during mCTSIB test in dual-task condition among patients with chronic dizziness and

healthy subjects
. Patients with chronic dizziness
Healthy subjects, . = = = =
FEenESD All patients, With canal paresis, Without canal paresis,

mean=£SD mean=SD mean=SD
Composite score 0.71£0.07 0.79+0.16 0.88+0.12 0.75+0.22
Firm-EO 0.24+0.05 0.29+0.09 0.32+0.10 0.28+0.08
Firm-EC 0.40+0.12 0.42£0.11 0.47£0.12 0.41+0.14
Foam-EO 0.57+0.08 0.69+0.21 0.77£0.20 0.68+0.24
Foam-EC 1.60+£0.27 1.68+0.48 1.88+0.51 1.61+£0.58
p-value - 0.09* 0.29* 0.57*, 0.52t

xcompared to healthy subjects, fcompared to patients with canal paresis. SD: standard deviation, Firm-EO: firm surface with
eyes open, Firm-EC: firm surface with eyes closed, Foam-EO: foam surface with eyes open, Foam-EC: foam surface with eyes
closed, COP: center of pressure, mCTSIB: modified clinical test of sensory interaction on balance
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Fig. 2. Reaction time (RT) measurements during dual task test. RT measurements were compared between healthy subjects and pa-
tients with chronic dizziness. RT did not differ significantly between the two groups during single RT test or dual task conditions (A). In-
terestingly, RT measurements were increased in patients with canal paresis when compared to patients without canal paresis (B). Firm-
EO: firm surface with eyes open, Firm-EC: firm surface with eyes closed, Foam-EO: foam surface with eyes open, Foam-EC: foam surface

with eyes closed.

Table 4. Comparison of RT in dual-task condition among patients with chronic dizziness and healthy subjects

Patients with chronic dizziness

Healthy subjects, - - - - -
mean=SD All patients, With canal paresis, Without canal paresis,
mean=SD mean=+SD mean+SD
RT (msec) 293.0+43.5 295.0+59.2 327.4+76.4 280.0+£45.4
p-value - 0.26* 0.05* 0.76* 0.01t

xcompared to healthy subjects, tcompared fo patients with canal paresis. SD: standard deviation, RT: reaction time

chronic dizziness (Table 4). There was no statistically signifi-
cant difference in RT when we compared healthy subjects
vs. all patients with chronic dizziness, healthy subjects vs. pa-
tients with CP, or healthy subjects vs. patients without pare-
sis. However, RT was statistically significantly increased in
chronic dizziness patients with CP compared to patients with-
out CP (p=0.01). Considering that the mean age was older in
the group of patients with CP, this finding may reflect increased
RT with aging, rather than contribution of CP.

Discussion

Integration of multi-sensory input is required for mainte-
nance of posture control. Posture and balance control is chal-
lenged in many situations during everyday life. For example,
crossing the street is comprised of a number of tasks, such as
stopping and maintaining posture, head turning and surveil-
lance of possible danger, initiation of movement and walking
at appropriate speed. Patients with acute vestibulopathy suf-

fer from severe vertigo and imbalance and the symptoms usu-

ally subside as the vestibular loss is compensated.'” Howev-
er, some patients with compensated or minimal vestibular
hypofunction complain of subjective disequilibrium or sen-
sation of imbalance, as well as easy fatigue during their daily
routine. We hypothesized that such symptoms may be due to
increased attentional demand.

Dynamic posturography and mCTSIB are useful tools to
evaluate the functional status of balance and posture control.
However, many patients with normal test results may still
have balance problems. Various modifications of balance tests
have been explored to investigate balance problems not read-
ily evident from conventional balance tests.”"> Attentional
demand can be measured by dual task paradigm. Attention
is allocated between maintaining posture and performing
the additional cognitive task. It has been reported that atten-
tional demand is increased in elderly patients, after stroke and
other disorders.””

In our study, we measured the RT to auditory stimulus as a
measurement of attentional demand. In normal subjects, RT

to auditory stimulus was not prolonged in more challenging
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situations, such as eye closure or standing on foam. The results
showed a trend toward prolonged RT in patients with chronic
dizziness and balance symptoms compared to healthy sub-
jects, although not statistically significant. The trend may re-
flect increased attentional demand required for posture con-
trol takes up capacity for prompt response in the additional
task. It is possible that in our study group, the additional task
of responding to the auditory task was too easy to have signif-
icant effect on attentional reallocation. However, the study by

Jehu, et al.'®

showed that addition of cognitive RT task im-
proved posture control, possibly because the postural stabili-
ty helped the subjects to perform the cognitive RT task. Futures
studies are needed to clarify the interaction between the pos-
ture control and RT tasks, using various cognitive RT tasks.

It is noteworthy that the COP sway was decreased during
dual task situations compared to during single task situation
of standing still, both in healthy subjects and patients with
chronic dizziness. Previous studies also report better posture
control when attention focus is removed from internal focus
during quiet stance and sports activities. ™' A recent study
showed that prioritizing attention to a RT task and away from
the posture control actually improved postural stability.'®
Jehu, et al.'” concluded that when the secondary RT task was
complex and required more attentional demand, the subjects
may have adapted stiffening strategy that resulted in better
posture control. Our results may be explained in a similar man-
ner, suggesting that the subjects unknowingly prioritized the
secondary RT task, even though they were not instructed to
prioritize the RT task.

During dual task tests, COP sway velocity showed tendency
to increase in difficult circumstance such as Foam-EC. This
change in COP sway velocity can be explained due to increased
difficulty in maintaining posture with more perturbations in
sensory inputs. On the other hand, RT measurements were
not increased as we have expected. Since RT measurements
are used to investigate increased attentional demand for pos-
ture control in more difficult conditions, our results might in-
dicate that RT to auditory stimuli is not significantly affected
by postural instability in the test conditions. Since RT is an
analysis of sensory and neuromotor function that encom-
passes stimulus recognition and processing, followed by the
initiation of a neuromotor response, the RT to auditory stim-
uli might be rapid and easily adaptive during four test condi-
tions. Another possible assessment tool is to utilize more com-
plex cognitive tasks to measure attentional demand during
posture control.

220

Limitations of this study include the heterogeneity of the
patient population. Some patients suffered chronic dizziness
symptoms due to insufficient compensation after acute ves-
tibulopathy, and some were diagnosed as chronic non-specif-
ic dizziness after neurologic and vestibular testing. Also in-
cluded are some patients who reported a history of an episodic
or recurrent attack of BPPV, after which they experienced pro-
longed dizziness symptoms. No nystagmus was observed from
physical examinations, and subjective dizziness symptoms
were chronic in nature. Since the dual task test attempted to
investigate whether attentional demand was included in pa-
tients with chronic symptoms, these patients were also en-
rolled. Further studies are needed to investigate whether in-
creased attentional demand is responsible for chronic dizziness
symptoms in specific vestibular disorders. Another remain-
ing question is the possibility that attentional demand is in-
creased only after protracted course of vestibular diseases.
In such case, dual task test results may change over the disease
course. Future studies should be directed to investigate con-
tribution of increased attentional demand in dizziness symp-
toms at different duration of disease.

The various factors such as sex, age, health of status, and
academic background may affect the attentional demand as
mentioned above.'” The RT is shortest in twenties, and gener-
ally shows a tendency to increase with age. Also, shorter RT
was generally reported in male, better status of health, high-
er academic background.” Although our analysis could not
include all variables such as age, sex and education status, it
is noteworthy that the RT was not significantly increased in
patient with chronic dizziness, when considering the fact
that the age of healthy subject without dizziness was younger
than that of patient with chronic dizziness. When we compared
RT during dual task tests among normal healthy subjects and
subgroups of chronic dizziness, it was significantly increased
in patients with CP, compared to patients without CP. Although
the increased RT does show that attentional demand is in-
creased in these patients, it remains cautious to assume that the
increased attentional demand solely reflects the contribution
of vestibular deficit. Most importantly, the mean age is older
in patients with CP (n=6, mean age 60.5+14.3) than patients
without CP (n=13, mean age 49.0+16.6). Since dual task test
using auditory stimuli is not designed to discern between fac-
tors that may contribute to increased attentional demand, fur-
ther studies are warranted to included patients in various age
groups to explore the effects of aging.

In summary, dual task tests using additional auditory RT



stimulus during mCTSIB may provide additional informa-
tion about increased attentional demand for postural control

in patients with chronic dizziness and imbalance symptoms.
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