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Abstract
Objectives: Electrical stimulation of the vestibular system (VeNS) has been shown to improve Insomnia
Severity Index (ISI) when delivered during sleep. We
hypothesize that repeated electrical vestibular stimulation, when delivered prior to sleep onset, will improve ISI
scores. The primary aim of this study was to assess the
effect that VeNS had on ISI scores when delivered prior
to sleep onset. A secondary aim was to provide initial
data indicating “length of time to effect” that will allow
more appropriate design of a larger randomized control
trial (RCT).
Methods: The present study was an experimental study
(pre and post without control). The participants acted
as self-controls. After recording the baseline values,
electrical vestibular nerve stimulation was administered
as intervention once in a day for 30 min, 1 h prior to
sleep onset using ML1000 device (Neurovalens, UK) for
14 days.
Results: There was significant decrease in the ISI
scores followed by the electrical vestibular nerve
stimulation. Further, participants reported a significant
increase in well-rested sleep post the intervention
period.
Conclusions: This study supports our hypothesis that
VeNS has a positive impact on ISI scores when delivered on
a regular basis prior to sleep onset.
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Introduction
Sleep is defined as a natural state of unconsciousness
where some of the body functions are active and some are
inactive. In fact, sleep is essential for homeostasis and lack
of sleep leads to adverse effects on body systems [1]. Sleep
loss leads to increases day time sleepiness, depression,
mood disorders and decline in the cognitive functions [2].
Further, deprivation of sleep was reported to impair the
glucose metabolism and decrease insulin sensitivity which
increases the incidence of diabetes [3]. It was reported that
50–70 million Americans chronically suffer from sleep
disorders [1]. Though pharmacotherapy is effective in the
management of sleep problems, it is often associated with
adverse effects like decline in memory, drowsiness, fatigue
and even decreased quality of life [4–6].
Therefore, alternative approaches that improve sleep
without the use of pharmacotherapy may prove beneficial. The vestibular apparatus is a membranous structure
located within the bony labyrinth of the inner ear. It
comprises three semicircular canals and two otolith organs on either side. Changes in the rate of linear motion
are detected by otolith organs and rotatory or angular
acceleration or deceleration is detected by semicircular
canals. The vestibular system also contributes to a wide
range of functions from level of reflexes to level of
cognition and coordination. Given this multi-function
integration, the vestibular feedback is often referred to as
the sixth sense [8]. It is widely accepted that the vestibular
system plays an important role in sleep, particularly when
rocking is administered to infants to induce sleep and for
calming effects. Further, vestibular stimulation was
proven to improve sleep in individuals with weakness of
respiratory muscles [7]. Rocking produces relaxation effect that contributes to reduction in the latency of sleep
onset and also improves the quality of sleep. Vestibular
stimulation may cause both sleep and arousal depending
on speed of stimulation [9]. High-speed vestibular
stimulation induces wakefulness and lower speed induces sleep, respectively, [10]. Recent research reported
that natural vestibular stimulation decreases sleep latency and speed up the transition from wakefulness to
sleep [11].
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Recent experiments have identified prominent
vestibular pathways that project into multiple sleep and
circadian-regulating nuclei of the brainstem and
hypothalamus. Electrical stimulation of the vestibular
system (VeNS) has been shown to improve Insomnia
Severity Index (ISI) when delivered during sleep [12].
We hypothesize that repeated electrical vestibular
stimulation, when delivered prior to sleep onset, will
improve ISI scores. The primary aim of this study was to
assess the effect that VeNS had on ISI scores when
delivered prior to sleep onset. A secondary aim was to
provide initial data indicating “length of time to effect”
that will allow more appropriate design of a Randomized
Control Trial (RCT).

Materials and methods
Study participants: 20 adults were part of the study after obtaining the
written informed consent. The following criteria were used in
recruiting the participants.

Inclusion criteria
(1)
(2)
(3)
(4)

Adults
Both genders
Self-reported chronically disrupted sleep
Score of eight or greater in the insomnia severity index
questionnaire
(5) Willingness to participate in the study.

Exclusion criteria
(1)
(2)
(3)
(4)
(5)

Use sleep medication
Ear problems
Under any kind of treatment
Practicing sleep improving techniques
Any other signiﬁcant health-related problems.

Electrical vestibular nerve stimulation
Bilateral application of electrical vestibular nerve stimulation (VeNS)
using battery-powered vestibular nerve stimulator (ML1000, Neurovalens, UK) was practiced [13]. Insomnia Severity Index (ISI) score: ISI
is a standardized, self-reported questionnaire to assess the nature,
severity and impact of insomnia [14] (see Figure 1).

Self-rated assessment of “next day restfulness”
Participants were asked to score how “well rested” they felt on a scale
of 0 (not at all rested) to 4 (very well rested).

Statistical analysis
Data were analyzed using SPSS 20.0. Probability value less than 0.05
was considered as significant.

Ethical consideration
Appropriate ethical consideration was taken following assessment
based on guidance by the Central Office for Research Ethics Committees (COREC) and amended by the National Research Ethics Service
(NRES) of the Health Research Association (UK). Confidentiality of
data was maintained as per the regulations.

Results
Figure 4 displays the mean subjective score of “how well
rested” the participants felt on a daily basis. Baseline was
recorded for 14 days, with daily VeNS delivery for a further
14 days. Self-reported feeling of next day “restfulness”
(range 0–4) was calculated at 1.6 (SD 0.63) for baseline,
with and increase to 2.01 (SD 0.79) by during Week 1 and

Study design
The present study was an experimental study (before and after
without control). The participants acted as self-controls. After
recording the baseline values, electrical vestibular nerve stimulation was administered as intervention once in a day for 30 min, 1 h
prior to sleep onset using ML1000 device (Neurovalens, UK) for
14 days.

Study setting
The study was conducted at Neurovalens lab, UK.

Figure 1: Battery-powered vestibular nerve stimulator (ML1000,
Neurovalens, UK).

Goothy and McKeown: Modulation of sleep using electrical vestibular nerve stimulation

21

2.67 (SD 0.56) during Week 2. No signiﬁcant adverse events
were reported.

ISI scores for all 20 participants
Figure 2 shows the mean ISI scores for all 20 participants
taken at Day 0 and again at Day 14.95% conﬁdence
intervals are displayed. Mean baseline ISI was calculated
as 15.7 (SD 4.7) (moderate insomnia). Repeat ISI score, after
14 days of VeNS sessions, was calculated at 8.15 (SD 3.6)
(subclinical insomnia). This result was statistically
signiﬁcant (p<0.00001).

ISI distribution against insomnia
subcategories
Figure 3 displays the ISI distribution against insomnia
subcategories as recorded at Day 0 and again at Day 14.

Mean subjective score of “how well rested”
the participants felt on a daily basis
Figure 3 displays the mean subjective score of “how well
rested” the participants felt on a daily basis. Baseline was
recorded for 14 days, with daily VeNS delivery for a further
14 days. Self-reported feeling of next day “restfulness”
(range 0–4) was calculated at 1.6 (SD 0.63) for baseline,
with and increase to 2.01 (SD 0.79) by during Week 1 and
2.67 (SD 0.56) during Week 2. No signiﬁcant adverse events
were reported.

Figure 2: ISI scores for all 20 participants. This graph shows the
mean ISI scores for all 20 participants taken at Day 0 and again at
Day 14.95% confidence intervals are displayed.

Figure 3: ISI distribution against insomnia subcategories. This
chart displays the ISI distribution against insomnia subcategories
as recorded at Day 0 and again at Day 14.

Discussion
Decreased sleep duration is a growing public health issue
throughout the world [15]. Sleep deprivation has deleterious effects on physical and psychological health of and
also decreases the attention and concentration [16]. Sleep
deprivation also increases risk of daytime sleepiness and
noncommunicable diseases like metabolic syndrome and
psychiatric illness like depression [17].
Though the pharmacotherapy is effective in improving
the sleep quality, but is associated with significant side
effects [18]. This gap in the literature demands development of alternative therapies which are effective and have
no side effects.
The primary aim of this study was to assess the effect
that VeNS had on ISI scores when delivered prior to sleep
onset. A secondary aim was to provide initial data
indicating “length of time to effect” that will allow more
appropriate design of an RCT. There was significant
decrease in the ISI scores followed by the electrical
vestibular nerve stimulation. Further, participant’s selfreported feeling of being “well rested” showed a significant
improvement following the intervention. Vestibular stimulation through rocking is well-known method to induce
sleep in infants and also in adults in both healthy and
disease conditions [19]. Vestibular stimulation offers
relaxation which decreases the sleep latency. Also, as
vestibular stimulation has been shown to be well tolerated,
it may be incorporated in everyday life style [20]. It was
reported that rapid eye movement bursts was observed in
the electroencephalogram recordings followed by the
rotational vestibular stimulation in normal adults [21].
Synchronization of brain wave activity was reported followed by the vestibular stimulation through rocking [22].
A recent animal study demonstrated that linear
vestibular stimulation was effective in promoting sleep in
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Figure 4: The mean subjective score of “how
well rested” the participants felt on a daily
basis. Baseline was recorded for 14 days,
with daily VeNS delivery for a further
14 days.

mice [30]. The possible explanation for sleep promoting
effect of vestibular stimulation may be due to modulation
of sensory processing [23]. The action on vestibular
stimulation on sleep may be a multi-modal effect acting on
different areas of the brain responsible for sleep. The
vestibular system has profound projections to the
intergeniculate leaﬂet which inﬂuence the suprachiasmatic nucleus which is important nuclei in the retinohypothalamic tract [24, 25]. Increase in the secretion of
serotonin from dorsal raphe nucleus was observed
followed by the vestibular stimulation. The sleep promoting effects of serotonin are well documented [26]. The
neurons of nucleus of tractus solitaries (NTS) showed burst
of potentials followed by the vestibular stimulation [27].
Stimulating vestibular system activates hippocampus
which inﬂuences REM sleep [28, 29, 31]. Gentle rocking
movements were reported to ease the transition from
wakefulness to sleep [30].The study results supports earlier
studies as there was a signiﬁcant sleep promoting effect
observed followed by the electrical vestibular nerve
stimulation.
In contrast, another study reported that no significant
effect was observed on sleep quality followed by vestibular
stimulation using rocking bed [29]. The possible reason
may be activation of multiple receptors along with the
vestibular system. Hence, it may be understood that the
method of stimulation should be very speciﬁc that is it
should stimulate speciﬁcally the vestibular system.
Further, it is well noted in the earlier studies that optimal
vestibular stimulation is essential to elicit a positive
response. In the present study, the mode of stimulation
used is electric vestibular nerve stimulation which specifically stimulates the vestibular nerve. Further, the intensity
of the stimulation also is adjustable to offer the optimal
stimulation.

Conclusions
This present study supports our hypothesis that VeNS has a
positive impact on ISI scores when delivered on a regular
basis prior to sleep onset. Therefore, we propose that the
mechanism of action is more complex than that of a
nonspecific rocking motion and may be secondary to the
direct influence that the vestibular system has on the
circadian pacemaker and other sleep-regulating nuclei in
the brainstem. Although a subjective measurement, it was
interesting to note that the feeling of “next day restfulness”
appeared to improve significantly within the 2-week VeNS
period. As a next step, detailed studies to better understand
the underlying mechanism of action whereby VeNS improves ISI scores will be carried out. Further to this, a large,
double-blind RCT will be used to assess the clinical efficacy
of VeNS stimulation in the setting of clinical Insomnia (ISI
15 and above).
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