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[LINICAL REVIEW
The balance of sleep: Role of the vestibular sensory system

Stephane Besnard * *, Brahim Tighilet °, Christian Chabbert ”, Martin Hitier *,
Joseph Toulouse “, Anne Le Gall *, Marie-Laure Machado *, Paul F. Smith

* Universite de Normandie, INSERM U 1075 COMETE, Coen, 14002, France
" Aix A lle Lin ity OMRS, Lab y of Semsary and Cognitiwe Newrasdence, INSC UMR 7260, Team Physiopathology and Therpy of Vestibular

Disarders, Marszille, Prince
“Dept Pharmacology and Toximlogy, School of Bomedicnl Saencs, | y of Otago, Dunedin New Zealand

ARTICLE INFO SUMMARY

Article history: The vestibular system encodes linear and angular head moti pporting numerous functions from gaze
Received 4 june 2018 stabllization and pestural control, to high-level cortical functions involving spatial cognition, including

r‘"“" = ";;:" form self-bady perception, verticality perception, orlentation, navigation and spatial memory. Al the brain-
Supbantta 145 ms stem and mesencephalic levels, the vestibular organs also influence postural blood pressure regulation,

Aaide sbian 2k bone density and muscle composition via specific vestitulosympathetic efferences and have been
shown 10 act as a powerful synchronizer of clicadian rhythms. Here, we review the evidence that sleep
deprivation and deep apnea syndrome alier vestibular-related oculo-motor and postural control, and

Sleep apnes that, in turn, vestibular pathologies induce deep disturbances. We suggest that sleep-related newro-
Relane plasticity might serve the adaptation and compensation processes following vestibular lesions in pa-
Posture tients. Interestingly, a reciprocal neurcanatomical route between the vestibular nuclel and the
Orexin orexinergic neurans has been reported. While orexinergic modu lation of the vestibular nuclel related to
(xaliths postural control has been suggested, we postulate that vestibular inputs might in tum influence the
Sleep disorder deep-wake state switch, informing the brain about the daily quantity of mation.

Compensagon © 2018 Elsevier Ltd. All rights reserved.

5. Besnard et al. / Sleep Medicine Reviews 42 (2018) 220—228
Neuroanatomical Vestibulo-Hypothalamic routes

Hypothalamus

1
v PV medial lateral

‘scn | Orexinn. ]

Influence on
Postural control ? sleep-wake state
transitions ?

Chronobiological

gravity related motion ‘.

synchronization on
during the day
,

Vestibular System and Sleep interactions

Postural control ?

Alteration of Sleep duration

SLEEP REGULATION

Orexinergic postural
control during wake state

Influence on sleep onset
and REM/NREM periods 7

SLEEP Related VESTIBULAR
NEUROPLASTICITY —— T "  SYSTEM

Spatial learning and memory consolidation 7

Vestibular compensation 7 1
SLEEP APMNEA VESTIBULAR _
SYNDROME VOR and Postural DISORDERS

impairments and vertigo
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expeditions. Indeed, even in 1993
Fiennes and Stroud needed to be
picked up from an ice shelf before
reaching its edge, having totally
exhausted their energy reserves
man-hauling across the Antarctic
continont. Thus, even today, while
tochnological advancemonts have
enginered out certain weaknesses

Correspondence

Rocking
synchronizes brain
waves during a

were spent in complete darkness in a
controlled room temperature (21 = 1°C)
and the level of auditory stimulation
was around 37 dB. During both
sessions, polysomnography data were
recorded continuously. Sleep stages
and sioop spindlos woro visually
identifiod by two exporienced scorors,
blind 10 the experimental conditions.

1Z2 AR

of the human condition, others short nap W also performed spectral analysis AL u:' A = E x—l (@) L |

remain as limiting factors that (FFT routine) using the midiine frontal T E T
| must be stretched to breaking Laurence Bayer'", (F2) and parietal (Pz) derivations. [ 1—

point if explorers on foot are to Irina Constantinescu'’, Tho data from twio participants viore
| roturn homo alive from tho. Stephen Perrig?, Julie Viem\e’ excluded from the final analyses (soo A O II- o A0 I o
| South Pole. Piorre-Paul Vidalt, the n

and Sophio Schwartz'5" Over the three consecutive nights H="1
preceding each experimental day, all
Acknowledgements

We would ke 10 thank Peter Clarkson, Adrian
McCallum, Denie Wilkins, Tom Davies, Ben
Edwards and Mark Hines for their comments
on drafts of the essay. An especial thank
you goss to Hsather Lane at the Scott Poler
Rosoarch Inituts for her support during this
project.
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Viassoy. . (1955, Fgar umrassand
tomperature in Antarctia. J. Appl. Piysiol.
14,

satated cars . kel

Why do we cradle babies or imesistibly
fall asloop in a hammock? Although
such simplo behaviors are common

participants had a good quality and
quantity {mean = s.em.; 7.32 = 0.78 h)
of sleep as assessed by self-rated

I d generations, the
nature of the link between rocking
and sloop s poorly undorstood [1,2).
Here we aimed to demonstrate that
swinging can modulate physiological
parameters of human sleep. To

this end, we chose to study sleep
during an aftornoon nap using
polysomnography and EEG spoctral
analyses. We show that lying on a
slowly rocking bed (0.26 Hz) faciltates
the transiion from wiaking o sleep,
and increases

rer these measuromonts bc!woen
stationary and swinging conditions.
Similarly, wrist actimetry recorded
during these same nights did not
show any difference in sleep efficiency
between conditions (mean = 5..m.
swinging: 86.63 = 1.95%; stationary:
86.71 = 1.23%). For both condiitions,
participants were more alert (on
visual analogue scale) after napping
than before (F(1,9) = 8.4, P = ums;

rate

N2 sloop. Rocking
sustained boastng of iow osclations
and spindle activity. It is proposed
that sensory stimulation associated

dition as | *than the
stationary condition; for one participant
both sessions were equally pleasant
and for one participant the stationary

* BRI, e worea plosant.
synchronizing action in lhe brain that We found that rocking accelerated
& ﬂnwn‘ (1981). The fuanca of diat in reinforces endogenous sleep thythms.  sleep onset, as evidenced by a

These results thus pmvlde scientific

shorter duration of stage N1 sleep

e Ioence ot pon Naes
Vi Hstor J. Wat € Frve support to the traditional belief that  and a reduction of stage N2 latency,
e rockin j0op. compared to the stationary condition
7. Temtaas, O, Vidisene C.. Singh, A, Wasan. Intho prosont tudy wo askod (Supplemantal Tablo 1. Rockmg
male

running perfommance. Eur, J. App. Phyzio
0.

70, 154-1

10 - and Grandjaan, K. {2007).

(22-38
years old) to nap on a e ot ol
either remain stationary or rock gently
(0.25 Hz: Figure 1A). All participants
wore good sloopers, non-habitual
nappers with no excessive daytime
sleepiness and had low anxlety
levels. Sleep quality and quantity
‘were assessed by questionnaires

and actimetry recordings. The
procedure involved

nca. 4
Am. Colloge Nutreion 26, S436-5548.
Wiight,A. (19001 O the pathology and
tharapautics of scuny. Lancet 146, 565-567.

“Roshampton University, Holybourne
Avenue, London SW15 4JD, UK. 2NIHR
Biomedical Research Uit in Nutrition,
Soutampton Uniersey Hospias T,
Southampton SO16 6YD, Ul

Eral raisor@rosharptonsc ok

Stage N1 Stage N2 Stage N3

taking two 45-minute afternoon naps.
(2:30to 3:15 PM): one with the bed
stationary, and ono with the bed put in
motion (condition order randomized).
The motion parameters were set to
stimulate vestibular and proprioceptive
sensory systems, vithout causing
nausea or any entrainment of cardiac
thythm. In both conditions the naps

Increasing the duration of stage uz
sleep and the mean spindle density per
30-5 epoch (Supplemental Table S1,
Figure 1B). Spindle density increased
significantly from tho socond half of
the nap (Figure 1C) and persisted
throughout tho entiro duration of stage
N2 (Supplomental Figuro S1A). All
these modifications were observed in
each and every participant (all
P <0.009; Supplemental Table
S1).In the only previous study
lnvosngaunn tho offoct

on sloap, Woodward ot ;ll [1] o
1o consistent modulation for the
percentage of stage 1 sleep and an
overall reduction of the percentage
of stage 2 sleep during the motion
condition. In contrast to our presont

EEG power density (Fz)
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CES, Rocking Bed

ROCK YOURSELF TO SLEEP

Simply retrofit the patent-pending Rocking Bed to your existing bed frame, and
you'll be sleeping like a baby again in no time.
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Clinical Application of Vestibular Rehabilitation Exercise
Vestibular Rehabilitation

Kyung-Lim Joa, M.D. and Kyu-Sung Kim, MD., PhD.’
Departments of Rehabilitation Medicine, 'Otolaryngology-Head and Neck Surgery, Inha University Schonl of

Jae Yun Jung, MD, PhD and Jung Hyun Ahn, MD
Department of Otorhinolaryngology-Head & Neck Surgery, Dankook University College of Medicine

ABSTRACT Medicine 7 QI 'I”OH 01 X| =5 O |
For patients suffering from dizziness and postural instability, vestibular rehabilitation(VR) is an excellent

treatment. VR promotes central compensation after acute vestibular dysfunction and improves the function of A customized vestibular rehabilitation N HT) is an |mp0rtant treatment mu-dallly in pallents with vestibular I'OlLI' xtk" 22 2"71 0“
vestibular ocular reflex, and balance and gait. Recently, customized vestibular rehabilitation exercise(cVE) was dysfunﬁinn with gaze instabilﬂy' mﬁon.pmnked 'JBI'ﬁQD, disequilihrium and gaﬂ disturbance. We discuss -

recognized as a new medical technology in 2017 and can be prescribed as a non-deductible for the purpose of in this paper the palient selection criteria for VAT, rehabilitation strategies for vestibular deficits, and h:g*l; |t' E =y Ll El'
improving dizziness and balance disorders in patients with vestibular dysfunction. cVE is effective for unilateral the factors that affect the outcome. (BI'EII'I & NeuroRehabilitation 201 3; 6 mn

vestibular dysfunction, but it can be applied to various diagnosis of dizziness. ¢VE prescription for persons with
balance and vestibular disorders is complex. The exercise prescription depends on the deficits that the patient e
exhibits, rather than the presenting diagnosis. Treatment is divided into pre-treatment evaluations, exercise pre- Kgy Words: d|39q[]|||bnum’ gaze ||'|sta|3|||ty‘I qer[ig(}' vestibular deficit, vestibular rehabilitation
scriptions, and post-treatment evaluations. Depending on the time required, it is classified as the first exercise
prescription and the second exercise prescription, and includes symptom, posture, and gait evaluation. ¢VE is
recommended that the proper level of difficulty setting and self-experience the effects of exercise through regular
visits to improve compliance. (J Clinical Otolaryngol 2021;32:20-25)
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