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Abstract.
BACKGROUND: Patients with Benign Paroxysmal Positional Vertigo (BPPV) often report a sensation of disequilibrium
before treatment with the canalith repositioning maneuvers. Apart from vestibular information, visual input also contributes
to balance control. How visual stimuli influence balance control in BPPV patients is unclear.
OBJECTIVE: To investigate the influence of visual stimuli on balance performance in BPPV patients.
METHODS: Three groups of participants, patients with BPPV, and healthy young and older adults, were instructed to stand
under three conditions: 1) eyes open (EO); 2) while watching a static picture via a video display; and 3) while watching a
rotating visual scene. Antero-posterior (AP), lateral (ML), and total sway path during standing were analyzed.
RESULTS: In all conditions, patients with BPPV showed significantly larger AP, ML and total sway path than young,
whereas older adults only showed significantly larger AP and total sway path than young adults. During the visual stimuli,
all participants exhibited significantly increased AP and total sway while watching a static image and a moving scene as
compared with the EO condition.
CONCLUSIONS: Patients with BPPV have similar balance control to older adults, but poorer balance control than young
adults. The reduced lack of standing balance control in the coronal plane of patients with BPPV, might affect balance strategy
after external perturbations.
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1. Introduction

Benign paroxysmal positional vertigo (BPPV) is
one of the most commonly seen vestibular disorders
in neurology, and ear, nose and throat (ENT) clinics
[29, 33]. It is characterized by recurrent and very short
periods of intense vertigo no longer than one minute
with a quick change of head position [9, 22]. During
a vertigo attack, patients typically experience rota-
tional vertigo and an inability in maintaining upright
balance [8, 9]. Between the vertigo attacks, although
rotational vertigo may be absent, many patients may
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still complain of a continual sensation of disequilib-
rium in an upright position [8, 19].

The control of standing balance requires sensory
inputs from the visual, somatosensory and vestibu-
lar systems and appropriate motor commands to the
musculoskeletal system [2, 4, 35, 44]. Vestibular dis-
orders can disrupt sensory control of posture [36] as
well as vestibular reflexes involving postural mus-
cle responses [1], leading to balance problems and
increased risk of falls [16, 28, 34, 40]. Although
unsteadiness is a common complaint in patients with
BPPV, our understanding is limited. As symptoms of
BPPV may resolve spontaneously in most cases, most
patients would tend to slow down their daily move-
ment until the symptoms have resolved. During this
period of time, patients might have altered their bal-
ance performance because of the vestibular disorders,
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which might increase the risk of falling [30]. There
have been studies investigating balance performance
in people with vestibular disorders [12, 44]. There
was evidence showing that balance performance of
BPPV patients could be effectively ameliorated by
a canalith repositioning manoeuver [5, 11, 13, 31,
32]. However, it is unclear how BPPV patients would
respond to an external perturbation, especially in the
active phase before treatment with the canalith repo-
sitioning maneuvers.

Studies examining balance performance were
often tested in a perturbation paradigm using a
moving platform or unstable surface to provide an
external physical perturbation directly to the body [3].
Another form of introducing balance disturbances is
via sensory interference, such as a visual disturbance.
Of all the different sensory inputs, vision provides ref-
erence information about the orientation of the body
related to the outer world. Therefore, when visual
information is deprived, maintaining upright balance
becomes more challenging, as indicated by increased
postural sway compared to the condition when visual
information is available [38]. Another visual condi-
tion different from deprived vision is movement of the
outer environment when one is in a static position.
This visual condition is more common in the daily
life than deprived vision, such as standing on a plat-
form watching a train passing by or watching moving
traffic while waiting to cross the road. This kind of
motion of the environment normally creates an illu-
sion of self-motion and produces sensory conflicts
[6]. Because of these sensory conflicts, increased pos-
tural adjustments were found in healthy adults when
watching moving scenes [17].

It is not clear to what extent balance performance
is influenced by BPPV when patients are exposed
to a visual stimulus, particularly in the active phase.
Therefore, the purpose of this study was to investigate
balance performance in response to a visual stimulus
in patients with BPPV in the active phase, compared
with healthy young and older adults.

2. Methods

2.1. Participants

Patients with a history suggestive of position
related vertigo (i.e. brief vertigo episodes triggered
by head movements such as lying down, getting up
or turning over in bed, or looking up/down) in the
past month (BPPV group) were recruited from the

Neurology and ENT department of National Cheng
Kung University Hospital, Taiwan. If the patients did
not show typical positional nystagmus following the
Dix-Hallpike manoeuvers, they were excluded from
the analysis. Patients with central nervous system dis-
ease or other conditions that could affect balance were
also excluded. All the patients had normal caloric and
electronystagmography (ENG) test results.

Two other groups of young (age 20–25 years) and
older participants (age > 60 years) with no history of
vestibular or neurological disease were recruited from
the university and nearby communities and served as
control groups. Written consent was obtained from
all participants as approved by the ethics committee
of the institution where the study was conducted.

2.2. Sensorimotor assessment

Visual acuity was examined using a standard
printed Snellen eye chart with the participant seated
20 feet away[24]. Binocular visual contrast sensitiv-
ity was examined using the Melbourne Edge Test
[46]. Correct identification of the orientation of the
edges on the patches indicates a measure of contrast
sensitivity in decibel units. Both visual tests were
tested with corrected vision if the participant wore
corrective glasses during daily walking.

Plantar cutaneous sensitivity was examined on a
total of six sites for the sole of both feet, includ-
ing the first and fifth metatarsal heads and the
center of the heel, using the Semmes-Weinstein
monofilaments (Patterson Company, IL, USA). The
Semmes-Weinstein monofilaments consist of 20 fil-
aments with different thickness of nylon string.
Participants were tested in the sitting position with
the eyes closed to eliminate visual cues. During the
testing, the filament was applied perpendicularly and
slowly to the test site for 1.5 seconds until the fila-
ment bowed. The participant was asked to indicate if
the pressure was felt. The thinnest filament that the
participant was able to perceive was recorded as the
Plantar cutaneous sensitivity.

Bilateral hand-grip strength was assessed using
a calibrated JAMAR hand dynamometer (Sammons
Preston Rolyan, IL, USA). Participants exerted max-
imal grip for three seconds in a sitting position with
the tested arm by the side, elbow flexed at 90◦, and
the forearm in neutral position. The maximal isomet-
ric strength of bilateral hip flexors, knee extensors,
and ankle dorsiflexors was measured using a hand-
held dynamometer (MicroFET2, HOGGAN Health
Industries, UT, USA) following standardized manual
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muscle testing procedures [20]. Bilateral ankle plan-
tarflexor strength was tested using the standardized
manual muscle testing with a 25-level grade [20].

2.3. Balance tasks

All participants were asked to stand with the feet
shoulder-width apart on a force plate (Kistler model
9286A, Winterthur, Switzerland). A head-mounted
video display (Prober, Karlton 4), which included
two 0.72-inch LCD panel, was used for image projec-
tion to provide either a static image or moving visual
scenes for visual disturbance. The sides of the goggles
were covered to avoid peripheral vision. Each of the
following three standing conditions were recorded for
30 seconds: 1) eyes open without goggles (EO); 2)
while watching a static picture of a seashore via the
video display; and 3) while watching a moving visual
scene that created an illusion of self-rotating around
the seashore. The tests were performed in the order
of EO, static image, and moving visual scene.

2.4. Data reduction and analysis

Center of pressure (COP) was analyzed from the
force plate recordings during each of the tasks. Sig-
nals were sampled at 1000 Hz.The following sway
parameters were calculated from the COP data and
normalized to the foot length (average of both feet
lengths): i) antero-posterior (AP) sway path, ii) lat-
eral (ML) sway path, and iii) total sway path, which
combines the length of AP and ML sway.

In order to investigate balance strategy under dif-
ferent visual conditions in different subject groups,
all the aforementioned sway parameters (AP, ML,
and total sway) were further divided into three time
phases: i) Phase I: 1–10 seconds, ii) Phase II: 11–20
seconds, and iii) Phase III: 21–30 seconds of sway
path.

The SPSS version 17 (SPSS Inc., Chicago, IL)
was used for all of the statistical analyses. Aver-
aged values of bilateral visual acuity, touch-pressure
sensitivity and muscle strength were used for anal-
ysis. One-way analysis of variance (ANOVA) was
used to compare the demographic data, visual acuity,
visual contrast sensitivity, plantar cutaneous sen-
sitivity and all the muscle strength data except
plantarflexor strength among the three groups. The
Kruskal-Wallis test was used to compare ankle
plantarflexor strength among the three groups. Multi-
variate repeated-measures ANOVA (MANOVA) with
Bonferroni post-hoc tests were performed on factors

“condition” (EO, static image, and moving visual
scene) and “group” (young, older, and BPPV) within
each phase on the AP, ML, and total sway path param-
eters. All significance levels were set at p < 0.05.

3. Results

Thirty healthy young subjects and 30 healthy older
subjects completed the tests. Thirty-five patients with
a history suggestive of position related vertigo were
recruited for testing. Five of the patients showed neg-
ative Dix-Hallpike testing results and were excluded
from the analysis. The other 30 patients were diag-
nosed with unilateral posterior semicircular canal
BPPV. The demographic data are shown in Table 1.
The young group was significantly taller and had
significantly lower BMI than the other two groups.
The young group also had significantly longer foot
length than the BPPV group. The affected semicircu-
lar canals of the BPPV patients were right posterior
in 19, and left posterior in 11 patients.

3.1. Sensorimotor function

Significant differences in visual acuity (F = 5.510,
p = 0.006) and visual contrast sensitivity (F = 7.838,
p = 0.001) were noted among the three groups
(Table 1). The young group had better visual acu-
ity and visual contrast sensitivity than the older
and BPPV groups. Significant differences were also
noted in plantar cutaneous sensitivity over the dis-
tal end of the metatarsals of the great and 5th toes
and the heels among the three groups (great toe:
F = 18.820, p < 0.001, 5th toe: F = 26.683, p < 0.001,
heel: F = 14.006, p < 0.001; Table 1). The young
group showed better plantar cutaneous sensitivity
than the other two groups over the three sites. The
BPPV group showed better plantar cutaneous sen-
sitivity than the older group over the distal end of
the metatarsals of the great and 5th toes. In addi-
tion, the young group had significantly larger hip
flexor (F = 7.482, p = 0.001) and ankle plantarflexor
(X2 = 11.453, p = 0.003) strength than the other two
groups (Table 1).

3.2. Standing balance

MANOVA showed significant main effects of
group (Phase I: F = 3.963, p = 0.001; Phase II:
F = 4.335, p < 0.001; Phase III: F = 3.885, p = 0.001;
Fig. 1) and condition (Phase I: F = 15.140, p < 0.001;
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Table 1
Demographic data and physical examinations

Group Young (N = 30) Older (N = 30) BPPV (N = 30)

Basic data
Age (yrs) 22.1 ± 2.0 66.0 ± 4.4† 49.7 ± 15.8‡
Gender (F/M) 17/13 15/15 23/7
Height (cm) 167.1 ± 6.7 160.0 ± 7.6† 161.0 ± 8.2‡
Weight (kg) 58.2 ± 7.1 60.2 ± 11.1 58.5 ± 8.6
BMI (kg/m2) 20.81 ± 1.71 23.41 ± 3.29† 22.54 ± 2.58‡
Mean foot length (cm) 23.9 ± 1.4 23.3 ± 1.5 23.0 ± 1.1‡

Sensory function
Visual acuity (/50) 24.0 ± 10.5 37.4 ± 23.6† 26.8 ± 12.1‡
Visual contrast sensitivity (dB) 23.6 ± 1.0 21.9 ± 2.3† 21.9 ± 2.1‡
Great toe sensitivity (mg) 3.32 ± 0.33 3.90 ± 0.27† 3.62 ± 0.48‡∗
5th toe sensitivity (mg) 3.39 ± 0.28 4.05 ± 0.28† 3.75 ± 0.46‡∗
Heel sensitivity (mg) 3.67 ± 0.36 4.14 ± 0.33† 4.00 ± 0.35‡

Strength
Grip (kg) 30.3 ± 8.7 27.7 ± 7.9 25.6 ± 8.3
Hip flexor (kg) 19.6 ± 5.5 15.5 ± 4.7† 14.8 ± 5.2‡
Knee extensor (kg) 20.0 ± 4.5 18.4 ± 4.2 17.9 ± 4.4
Ankle dorsiflexor (kg) 22.9 ± 5.3 21.3 ± 4.9 20.0 ± 4.3
Ankle Plantarflexor (times) 23.0 ± 3.4 17.5 ± 8.3† 17.4 ± 7.4‡

All values are mean ± SD. BMI = Body Mass Index, Mean foot length is the average value of both feet length.
†Significant difference between the young and older group. ‡Significant difference between the young and BPPV
group. ∗Significant difference between the older and BPPV group.

Phase II: F = 8.593, p < 0.001; Phase III: F = 2.756,
p = 0.017; Fig. 1) in all three phases.

Post hoc test showed that both the older and BPPV
group demonstrated significantly larger AP and total
sway path than the young group in all three phases
of all the three conditions (Fig. 1). The BPPV group
also demonstrated significantly larger ML sway path
than the young group in Phase I and II of all the three
conditions (Fig. 1). No significant difference in AP,
ML and total sway path was found between BPPV
and older group in all three phases of all the three
conditions.

Comparing the AP sway path among the three con-
ditions, all three groups showed significantly larger
AP sway path in both the static image and mov-
ing scenes condition than the EO condition in all
three phases, and significantly larger AP sway path
in the moving scenes condition than the static image
condition in Phase I (Fig. 1). In addition, when
comparing to the EO condition, all three groups
showed significantly larger total sway path in the
moving scenes condition in all three phases and in
the static image condition in Phase I and II (Fig. 1).
The total sway path in the moving scenes condi-
tion was also significantly larger than in the static
image condition in Phase I and II in all three groups
(Fig. 1). No significant difference in ML sway path
among the three conditions was found in all three
groups.

4. Discussion

This study examined the influence of visual stim-
ulation on postural stability in patients with BPPV
before treatment with canalith repositioning maneu-
vers and older adults within different time phases,
compared with healthy young adults. Overall, both
the BPPV patients and older adults had larger AP and
total postural sway than the young group in all con-
ditions. The BPPV patients also exhibited larger ML
postural sway in the first two phases of all conditions
than the young group. Furthermore, both the static
image and moving visual scenes condition affected
the postural stability in the AP direction and total
postural sway. The influence of the static image was
mainly in the first two phases, whereas the influence
of the moving visual scenes lasted throughout the
three phases.

Previous studies found that the number of hair
cells and neurons in the vestibular system signif-
icantly decrease in older adults over 50 years old
[25, 37]. This decrease might result in age-related
deterioration in vestibular function in the older popu-
lation. The age-related peripheral vestibular function
deterioration could further affect the processing of
visual, vestibular, and somatosensory inputs in the
central nervous system, and motor outputs, which is
an essential element in standing postural control [45].
Combined with muscle strength decline and neural
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Fig. 1. (A) AP, (B) ML, and (C) total sway path of the three phases of EO, static image, and moving visual scenes condition in the three
groups. All values are mean values in %foot length. †Significant difference between older and young group. ‡Significant difference between
BPPV and young group. ∗Significant difference between Static image and EO condition. �Significant difference between Moving visual
scene and EO condition. Significant difference between Moving visual scene and Static image condition.
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processing slowness due to aging may further lead
to a balance deficit [21, 43]. It was also reported
that healthy older adults rely more on visual informa-
tion during standing postural control, compared with
healthy young adults [10, 15]. Thus, older adults may
show postural instability when there is a visual dis-
turbance, such as movement of the visual scene, or
when there is no visual reference, such as wearing
goggles covering the whole visual field.

The aging effect might not be a main factor
influencing postural control in the BPPV patients.
Inspecting possible factors that could affect balance
performance, the BPPV patients in our study had
better plantar cutaneous sensitivity than the older
adults, but similar visual acuity, visual contrast sen-
sitivity, and lower extremity muscle strength to the
older adults. These vision and cutaneous sensitivity
differences could partly explain the increased postu-
ral sway in the AP direction in patients with BPPV
compared with the young adults, but similar AP sway
path to the older adults. However, the increased ML
postural sway in the patients with BPPV, which was
not found in the older adults, might indicate that
such vestibular dysfunction might further decrease
postural stability, especially in the coronal plane.
Lateral stability is crucial when using a stepping strat-
egy for balance recovery after external perturbations
[39], and highly associated with number of falls [26,
27]. Further studies are needed to determine if the
increased ML postural sway would be related with a
higher risk of falling for patients in the active phase
of BPPV.

There are two possible reasons that might cause
such increased postural sway in patients with BPPV.
First, the vestibular signal generated between the two
vestibular systems might be imbalanced because of
the otoconia falling into the semicircular canal in only
one side and producing abnormal vestibular signals
[11]. This could further impair the vestibulospinal
tracts output and thus influence balance control.
Second, a majority of patients with BPPV often com-
plain of a feeling of disequilibrium, especially in an
upright position. Such self-perceived postural insta-
bility might also make postural control more difficult
for patients with BPPV.

With regard to the visual stimuli, watching the
moving visual scenes via the goggles was intended
to create an illusion of self-movement and to cause
conflicting sensory inputs, and thus examine whether
postural control would be influenced by the visual
disturbance. The young adults in our study showed
larger postural sway during the visual disturbance

than the EO condition, which is consistent with
previous findings that visual motion stimuli induce
postural adjustments [23]. Furthermore, as patients
with peripheral or central vestibular dysfunction were
found to show a higher level of visual dependence
than healthy controls [7, 18], patients with BPPV
were supposed to exhibit larger postural sway than
healthy young controls when there were conflict-
ing sensory inputs caused by visual interference.
Our study further found that the patients with BPPV
had a similar amount of postural sway as the older
adults when watching the moving visual scenes.
When available sensory inputs, such as propriocep-
tion for older adults and vestibular for BPPV patients,
are unable to provide precise information, vision
becomes a relatively more reliable sensory input dur-
ing postural control. Both patients with BPPV in the
active phase and older adults might have re-weighted
the sensory inputs to be more visually dependent
when maintaining upright stance [42].

In addition, the results demonstrated that when
watching the moving visual scenes or a static image
via the goggles, there was a trend showing that the
amount of postural sway decreased with time, espe-
cially in the patients with BPPV. The patients with
BPPV had larger postural sway in the first phase,
but decreased postural sway in the second and third
phases. This finding might suggest that patients with
BPPV change their balance control strategy to react
to the initially increased postural sway when there is a
visual disturbance. It was found that when one could
anticipate the influence of perturbation, the central
nervous system would regulate the muscle activities
to counteract the destabilizing effect of the perturba-
tions [41]. Therefore, the patients might use a strategy
to stiffen their body for maintaining a static standing
posture and thus showed a decreasing trend of pos-
tural sway. However, this strategy would reduce the
flexibility of the body to react to perturbations [14],
and might increase the risk of falling.

5. Conclusion

The findings of this study suggest that patients with
BPPV might have become more visually dependent
when maintaining upright stance in the active phase
of BPPV, similar to older adults. Increased postural
sway in both the AP and ML directions in patients
with BPPV could possibly place the patients in a
higher risk for falling. In order to counteract such
increased postural sway, they may stiffen their body
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to maintain postural stability. Therefore, postural sta-
bility training in patients with BPPV might help them
adopt appropriate balance control strategies when
facing an external perturbation.
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