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AND ACQUIRED MOTION SICKNESS

e—mail: nsmisch@i.ua, nsmishch@gmail.com

It was established that vestibular dysfunctionatigmts with hereditary and acquired motion sicknmays one of the leading
roles in traffic l-oads. Features of vestibularfdgstion in hereditary motion sickness are charetie for bilateral symmetrical
irritative mixed vestibular syndrome of the Ist @hd Iind degree in the stage of subcompensatitimheiaring acuity within the norm
symmetrically on both sides. In acquired motiofrsiss, the features of vestibular dysfunction aasif@sted by following variability:
unilateral irritative peripheral or mixed vestibugyndrome of the lind degree in the stage of suipemsation or decompensation, as
well as asymmetric irritative bilateral mixed symaiie of the lind degree in the stage of subcompensaith different forms and
degrees of hearing loss.It was investigated thitdtarality and asymmetry of irritative vestibulsyndromes at the acquired motion
sickness is one of signs of basic disease develap@ertain differences in vestibular dysfunctinaréase the efficiency of diagnosis,
as well as differential diagnosis of hereditary aoquired motion sickness.

Key words: hereditary and acquired motion sickness, experaheryistagmus reaction, peripheral and mixed vdatibu
syndromes.
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OCOBJIMBOCTI BECTUBYJISIPHOI JIMCO®YHKIII ¥ MMAIIEHTIB IIPA CIIAJIKOBHUX
TA HABYTUX XBOPOBAX PYXY

JocnipkeHi ocoGnuBocTi BecTUOYISIpHOT AMCYHKIIT NMPHUCIIAIKOBUX XBOPOOAX PyXy, SIKi IPOSBISIIOTHCS  ABOOIYHHM
CHMETPUYHUM IPHTaTHBHHAM 3MilIaHUM BecTHOYISpHUM cuHapoMoM I Ta Il cTymens B cranii cyOKoMIIeHCalli 3 TOCTPOTOO CIyXy Y
MeXax HOPMH CHMETpHUYHO 3 000X OokiB. IIpn HaOyTux xBopoOax ii 0COOGIMBOCTI HPOSBISETHCSS BapialOiIbHICTIO! OIHOOIYHHM
ipuTaTHBHUM neprpepuyHiM ab0 3MiraHuM BecTHOYIsIpHEM cuHapoMoM 11 crynens y crazii cyOxoMIeHcarii 1 qexomiieHcanii, a
TaKOK aCHMETPHYHHM ipUTaTHBHUM JABOOIYHMM 3MimaHuM cuHapomoM Il cr. y craaii cyOkommeHcarii 3 pisHEMEH (popMaMu Ta
CTYIICHSIMH 3HIDKCHHSI CITyXy. Bi3HaueHo, 1110 0fHOOIUHICTh Ta aCHMETPHYHICTh iPUTATUBHUX BECTHOYISIPHUX CHHAPOMIB PH HAOYTHX
XBOpo0ax pyXy € OJIHI€I0 i3 O3HAK PO3BUTKY OCHOBHOTO 3aXBOPIOBAHHS. BH3HaueHi BiAMIHHOCTI BecTHOYISApHOI AuChYHKIIT
T IBHIIYIOTH €()EKTHBHICTh JIarHOCTHKH, a TAKOK JU(EPEHLIIHOI TIarHOCTUKH CIIAJKOBHIX Ta HAOyTHX XBOPOO pyXy.

KitrouoBi ciioBa: crnagxoBi, HabyTi XBOpOOH PyXy, KCIIEpHMEHTaIbHA HICTArMOBa peakiiisi, meprueprIHuil Ta 3MilaHuit
BeCcTUOYISIPHI CHHAPOMH.

The work is a fragment of the research project Stibstantiate the feasibility of observation tacticpatients wittstage I-llI
vestibularschwannoma, depending on the state of auditoryvastibular functions and the immune response obtuy”, state
registration No. 0119U100495.

Motion sickness occurs with increasing the angaal linear acceleration or deceleration movements
during various transport loads, including high-spaed long-term ones. Symptoms of motion sicknass h
been known since the ancient times, and there ereditary (congenital) and acquired motion sicknes
among them.

The physiological mechanisms underlying the ondetotion sickness have been studied for
centuries by numerous researchers, but they haveyeiobeen definitively identified and are often
contradictory [2, 4 - 8, 12].
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A phenotypic relationship of motion sickness witimorbidities that have common genetic factors, in
particular, with migraine and individual diseasé#he digestive system were studied by some aufBp&j.

Hypotheses of the neural and vestibular discrepancevolutionary and genetic hypotheses,
hypotheses of the sensory conflicts and an adivati the sensory systems are among the known Heges
of their occurrence mechanisms [5, 8].

The main cause of motion sickness at any age ensosy conflict during different transport loads
according to the proponents of the most common thgse of sensory conflicts [9, 10]. According thist
hypothesis, under the action of acceleration anckldmtion movements there is an acute vestibular
dysfunction with inconsistency of the afferent sepssystems (visual, vestibular, proprioceptive)hwthe
participation of hormonal, neurohumoral, biocherrgeal other factors which have not yet been fultlistd.

Most researchers tend to think that motion sicknesthe result of vestibular hyperstimulation.
However, some authors argue that the parameterestibular function on both sides are without the
deviations from a norm in hereditary motion sicleads is known that bilateral vestibular areflexigth
postural disorders does not cause motion sickmesr @ny traffic loads. But such people do noteahihe
high results in motor sports. They have difficultyspatial orientation, in performing particulagyecise
movements, even with persistent training [10].

Sensory conflict does not create certain conditfonstimulation, but on the contrary, promotes the
disadaptations. A number of authors considersttteavestibular system has a leading role in theroecce
of motion sickness on the basis of researchs [2].

Some researchers believe that motion sickness earalised by the visual stimulation, without
including vestibular stimuli. No differences wetewed in the occurrence of motion sickness in emadi
patients with significantly reduced visual acuby 9].

Sensory conflicts can occur between signals fraenotbliths and the semicircular canals of the ear
labyrinth with ascending impulses from the musclasnected to the mechanoreceptors, as well ag teyt
movements. This is achieved by the active entrgifférent multilevel systems into the brain, inchgl
psycho-neurological ones [9].

Currently, an increase in motion sickness to 3000%ases, i.e. in every 3-4 people of working &ge,
recorded in adults of civilized countries of therldoThe increasing prevalence of these diseaststes the
urgent need to improve the diagnosis and diffemkdiagnosis of hereditary and acquired motionreek, the
development of optimal therapeutic and prophylaatihabilitation and corrective measures of motion
sickness to provide the management of complex motehnologies by people who must be resistant to
stimuli acting in unusual current conditions foeritn

Because motion sickness, both hereditary and achaines, can be the cause of various catastrophes
and tragic situations, therefore, the study ofMBefeatures in hereditary and acquired motion skskns one
of the urgent and important tasks.

The purposeof the work was to study the features of vestibdlesfunction to increase the efficiency
of diagnosis and differential diagnosis of hereglitand acquired motion sickness.

Materials and methods There were examined and analyzed 109 patientsié89and 70 women) of
socially active age from 18 to 40 years. They adkedmedical help for hereditary or acquired motion
sickness when using the land vehicles.

The patients were divided into 2 main groups. Theug 1 included 80 patients with hereditary
motion sickness, the group 2 consisted of 29 migtiwith acquired motion sickness. The control grou
consisted of 30 healthy individuals (19 kinesiastesit men and 11 kinesio-resistant women of the
appropriate age). No motion sickness was notedistary of these patients and their relatives.

The complaints in the dynamics, anamnestic, ENTm@xaion were studied. Audiometry,
vestibulometry, the necessary additional examinativere performed on the 3th-4th days after stgpaim
attack of motion sickness.

Audiometry, determining the air and bone condudiimasholds of sound perception in the frequency
range of 0,250-8,0 kHz, was performed by the audiera MA-31 (Germany) and "Uteri" (Denmark).

Vestibulometry was based on the V.G. Bazarov'smsehgl] with registration of postural balance
(static equilibrium — by cephalography and kinetigilibrium by the Fukuda stepping test to deteimgjrthe
rotation of the body around its own axis).

Spontaneous, positional nystagmus and experimemnystagmus responses caused by classical
functional stimulations (caloric and rotational) reveecorded by electronystagmography (ENG) method o
the computer neurocomplex of SPE “DX-systems” (Ulap
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The main quantitative and qualitative indicatorstloé experimental nystagmus reactions were
determined, taking into account the duration of plaghological vestibulo-sensory reaction , the eegsf
manifestation of vestibulo-vegetative reflexes adicy to K.L. Hilov [2]. The caloric stimulation wsa
performed only with the entire eardrum (tempatienheane).

The nature of vestibular dysfunction was determimgdlB. Soldatov et al. [3], and the degree of its
manifestation — by V.G. Bazarov [1].

If necessary, the additional tests were prescribsd following: bacteriological, virological,
immunological, impedancemetry, registration of stetency auditory evoked potentials (SAEPS), comegbu
tomography (CT) of the temporal bones, magnetiorasce imaging (MRI) of the brain, electrocardipgma
(ECG), electroencephalography (EEG).

Results of the study and their discussianThe visible pathology was not revealed at ENT
examination in 80 patients of the group 1. It wated that 62 patients of this group (78.0%) deeslop
motion sickness in the family through the matelinalwhen using vehicles. Motion sickness was aleskin
the remaining 18 patients (22.0%) relatives thrahghpaternal line.

No hearing impairments were noted in patients isf gnoup before, during and after occurrence of
motion sickness. According to tonal and speechoaueliry, their hearing was within the norm, symnoatty
on both sides.

The balance disturbances were fixed, spontaneadigpasitional nystagmus was not revealed at
background ENG in all 80 patients of the group Yéstibulometry. Bilateral symmetrical hyperrefeexvith
dysrhythmia of experimental nystagmus reaction veggstered by ENG. Extended symmetrical bilateral
duration of the vestibulo-sensory reaction and featdtion of degree 1 vestibulo-vegetative reflexes
according to K.L. Hilov were noted in 27 patientsttas group, and degree 2 —in the remaining 53afem
patients. These data together indicate the presgindegree | and Il irritative bilateral symmetticaixed
vestibular syndrome in the stage of subcompensatigmersons of the group 1 with hereditary motion
sickness.

It should be emphasized that the indicators ofypakbalance were within normal limits in persohs o
the control group. Neither spontaneous nor positiogstagmus was recorded with background ENG. The
experimental nystagmus reaction was rhythmicaliyregtrical on both sides, without pathological \mgt-
vegetative reflexes and prolonged dizziness —raardfestation of pathological vestibular-sensosactien in
functional simulations by ENG.

The presence of irritative bilateral mixed vest#usyndrome in hereditary diseases in patients of
group | is apparently due to genetic hypersensitia transport loads and the evolutionary inapitit the
human body to adapt to unprecedented high-speetbagderm transport loads due to technical pragods
the last century.

It should be noted that 38 women of the group h \kiereditary motion sickness had frequent
migraine attacks (with an acute sense of smellgpobia and discomfort on sound signals and spe€ch
vasomotor symptoms as vasomotor rhinitis or gadisorders with nausea and significant salivatiaren
fixed in a history of the remaining 15 women obthroup which was consistent with the followinghaus [5,

12].

Progressive VD, which was the first sign of bodgcdmfort, when going by land transport,
developed in 16 people out of 29 patients of g@wgth acquired motion sickness, prompting the weddi
attention. No changes in the eardrum were noted &6 patients using otoscopy.

No spontaneous and positional nystagmus was detéctdd0 out of these 16 patients using
vestibulometry. Balance dysfunction was recordedd anilateral hyperreflexia of the dysrhythmic
experimental nystagmus reaction at functional losds determined with ENG, which indicated unildtera
irritative mixed vestibular syndrome of the 2nd idegin the stage of subcompensation.

They fixed the appearance of periodic and thentaohgoise in one of the ears, and the differem¢esaring
acuity when using a mobile phone, which was natigidue importance.

Using audiometry, unilateral sensorineural healiisg (USNHL) of the 1st degree was revealed in
two out of 10 patients, and USNHL of th& Begree — in 8 patients. Stage | vestibular schamanwas
observed by contrast enhanced MRI in 6 out of aflepts and stage Il vestibular schwannoma — in 4
patients. It is necessary to emphasize the sityilafivD complaints at transport travels in 6 mpegients of
the group 2. Meningioma and cholesterol granuloreeevebtained by a contrast MRI in 4 and 2 patiefts
them, respectively. Unilateral sensorineural mgatoss of the llird degree was registered in 2 ajud
patients with a meningioma, and USNHL of the IVidgike with impaired Speech Intelligibility Testn-2
more patients. Single-sided complete hearing l@srecorded in 2 patients with cholesterol granalohine
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irritative unilateral peripheral syndrome of thadldegree was determined in the subcompensatiga sta
these 6 patients.

The first VD manifestations in acquired motion sieks during transport loads occurred in parallel
with discomfort feeling in one of the ears (paim @uppuration or congestion in the ear, noise aadirtg
loss) in the remaining 13 patients of the group 2.

Unilateral exacerbation of chronic suppurativeiotinedia (CSOM) with a perforated tympanic
membrane in 5 out of these 13 patients was revéglaedoscopy. Unilateral chronic suppurative otagh
cholesteatoma and destruction of the lateral waheear labyrinth was recorded by MRI and CT wuB of
those 5 patients. Mixed single sided deafness et@siéd in them by audiometry.

Spontaneous nystagmus, balance disturbances, eudlilahyperreflexia with dysrhythmia of
experimental nystagmus reaction from ear patholegse revealed with vestibulometry in these 3 pgien
Unilaterally prolonged pathological vestibulo-seyseceactions and manifestations of vestibulo-vegyeta
reflexes of the lind degree were recorded in th@&ogether they indicate unilateral vestibular mixed
syndrome of the lind degree in the stage of decosgimn.

An imbalances, unilateral hyperreflexia of rhythméxperimental nystagmus reaction with
pathological vestibulo-vegetative reflexes, whidgle aithin the unilateral irritative peripheral viestiar
syndrome in the 2nd stage of subcompensation wébepvation of the vectorial laws were registere@ i
patients with unilateral exacerbation of chronipsurative otitis media from the abovementionedtiepts.

Using otoscopy the intact eardrum was revealelénmémaining 7 out of 13 patients of the group 2.
Unilateral conductive (sound-conductive) hearingslavas defined by audiometry in these 7 patents.
Unilateral otosclerosis was established in oneagied 19 years old out of these 7 patients, uralaecretory
otitis media with type B tympanogram — in 6 pasent

Unilateral irritative vestibular peripheral syndremf the lind degree in the stage of subcompemsatio
was fixed by vestibulometry in all 7 patients. VBntplaints were noted in 1 young person aged 1&yadr
out of these 13 patients taking the bus daily.

The intact tympanic membrane was revealed on biobbks susing the otoscopic examination.
According to SAEPs data bilateral almost symmdtri8dHL of the lind degree with changes in the
brainstem structures of the brain was registerealidjometry.

Asymmetric bilateral hyperreflexia of experimentgbtagmus reaction with signs of its reversion and
vestibulo-vegetative reflexes of the lind degresd @rolonged vestibulo-sensory reactions, indigatin
asymmetric bilateral mixed vestibular syndromehef iind degree in the stage of subcompensatiorfixes
by vestibulometry. MRI of the brain revealed a long of the cerebellum below the large occipitabfoen
(Arnold -Chiari syndrome) when a birth trauma wathie anamnesis.

It should be emphasized that the parents of bathggirls (one with otosclerosis and the other with
Arnold-Chiari syndrome) considered them inattentive to frequent questioning, because their edraati
hurt. When the girls began to develop a vestilayteaptom complex of motion sickness during transipiqs,
they sought medical helgsepnynuch 3a MEUIHOIO TOTTOMOTOXO.

The measures of postural balance were analyzedtiengs of 2 main groups and persons of the
control group, which are given in the table.1

Mean postural balance measures in 2 main groups arabntrol group Table d
Postural balance measures (balance functions)
Groups Static balance Kinetic balance
P cephalography, The Fukuda stepping test (the rotation of the body
in conventional units around its own axis, in degrees)
Main 1 3.540.1* 40.5+0.2*
Main 2 4.6+0.2*%** 52.5+0.3***
Control 2.3#0.1 26.5+0.1

Note: * - the difference between the measuresatitsind kinetic balances in patients of two graspsignificant at 10.05 in comparison
with the corresponding measures of the controlgrsiu- the difference in balance is significantlween patients of groups 1 and 2 <®,05.
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Noteworthy is the fact that

HEREDITARY MOTION SICKNESS the measures (indiceS) Of
1L 1L balance functions in the group 2
Bilateral irritative are almost 2 times higher than
semetrical mixed Hearing within a norm in the control group and
peripheral vestibular on both sides . . ) .
syndrome of the lind degree significantly higher than in the
in subcomensation stage group 1 (at p005) ThIS fact

obviously indicates that the
imbalance is supported by the
basic diseases.

A

ACQUIRED MOTION SICKNESS

L < . The state of vestibular and
Unilateral irritative N H : H :
Unilateral irritative mixed vestibular As)girll;:' :rtar:cn::)r(léztlve aUdItory functl_ons In pa_tlents Of
peripheral vestibular syndrome vestibular syndrome two groups with hered|tary and
syndrome of the lind degree of the IIndyde - ired ti ick i
of the lind degree in the stage of in stage ofg vaUIre motion  SICKNess IS
in subcomensation stage subcompensation subcom %nsation Shown in flg 1.
of compensation ’ Characteristic  bilateral
"z s {} mixed vestibular syndrome of
. . Unilateral mixed Asymmetric bilateral :
(g?:zfgzl_gg:::g;::) (sound-conductive + sensoroneural the Ist and I!nd degr_ees Wlth
. sound perception) (sound perception) normal hearin acul was
hearing loss hearing | hearing |
earing ‘oss earing loss observed in all persons with
B hereditary motion sickness, as

Fig. 1. The state of vestibular and auditory fuortiin patients with motion sickness (A -can be seen from fig. 1.
hereditary motion sickness, B — acquired motiokrss).

According to fig. 1, unilateral irritative peripte¢rand mixed vestibular syndromes, as well as
asymmetric bilateral mixed syndrome of irritativeture with different hearing impairments is cheeastic
for motion sickness in patients of the group 2sTaature of the vestibular dysfunction is onéhefsigns of
the basic disease, in particular, in our casesntngfestation of tumors in the temporal
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- | O A I 1 — fig. 2 and audiometry data of
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) ™ oy | AEEME manifested itself in otosclerosis
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Fig. 2. ENG of patient P., 19 years old with ueitat irritative peripheral syndrome of the IIndare an illustration of obtained
degree, left — with otosclerosis. results.

The results of audiometry of patient P., 19 yeddsvadth conductive hearing loss on the left in
unilateral otosclerosis are shown in Fig. 3.

AUDIOMETRY RESULT
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Fig. 3. Audiogram of patient P., 19 years old witimductive hearing loss in tympanic form of otosses —
in the left ear, and normal hearing — in the rigdat
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These examinations indicate that the vestibulafudgion plays one of the leading roles in patients
with hereditary and acquired motion sickness. Theselts are consistent with data from other rebess [2,
5,6, 11, 12].

Features of the vestibular dysfunction in hereglitawotion sickness are manifested by irritative
bilateral symmetrical mixed vestibular syndromehaf Ist and IInd degrees in the stage of subcomagiens
in normal hearing acuity, and in acquired motiockisess is manifested by variability such as it
unilateral peripheral syndrome of the lind degreéhe stage of subcompensation, irritative ungdterixed
syndrome of the lind degree in the stages of supeosation and decompensation, asymmetric mixed
bilateral syndrome of the lind degree in the sig’ibcompensation with hearing loss of differentis and
degrees associated with the basic diseases.

One-sidedness of irritative peripheral and mixattgymes, as well as asymmetry of bilateral mixed
vestibular syndromes in acquired motion sicknessésof the signs of the basic disease development.

The effectiveness of diagnosis and differentiaa@sis in hereditary and acquired motion sickness
are increased by certain differences in the vdatitdysfunction. These differences should be ugetthé
expert assessment of motion sickness to develggffiive treatment and preventive measures.

Further developments of pathogenetic mechanisnmaatibn sickness, effective rehabilitation and
correction measures of the vestibular dysfunctmnntrease the kinesio resistance, rational prioiesis
selection, preservation of professional suitahilitgrking capacity in the hectic pace of life todayd in the
future, which is of paramount not only medical bigo social and economic importance.and in thedutu
which is of paramount not only medical but alsaa@nd economic importance, are promising.

1. Bazarov VG. Klinicheskaya vestibulometriya. Kigddorovya. 1988. 200 s. [in Russian].
2. Gilov KL. Funktsiya organa ravnovesiya i bolgenedvizheniya. Leningrad, Meditsina, Leningrad-rge, 1969. 280 s [in Russian].
3. Soldatov 1B, Sushcheva GP, Hrappo NS. Vestibodye disfunktsiya. Moskva, Meditsina. 1980. 22ppRussian].
4. Brassesi C, Cianetti F. Motion sickness. Padelzelopment of a model for predicting motion se&ss incidence. International
Journal of Human Factors Modelling and StimulaidRiFMS). 20112(3):163-87. doi: 10.1504/1IJHFMS.2011.044492.
5. Brassesi C, Cianetti F, Elia A. Motion sicknd2art II: experimental verification on the railwagfsa model for predicting motion
sickness incidence. International Journal of Hunfaactors Modelling and Simulation (IJHFMS). 2016;3)2(88-203.
doi.org/10.1504/ijhfms.2011.044494.
6. Cholin AA., CholinaEU. Kinetods — motion sickness syndrome: treatment and piieveiMedical Council. 2011;11-12: 45-50.
7. Dennison M, D'’Zmura M. Effects of unexpectedugismotion on postural sway and motion sicknegspplied ergonomics, 2018
Sept; 71: 9-16. doi: 1016/aper@®18.03.015.
8. Hromatka BS, Tung YJ, Kieferb AK, Chuong BD, #8nDA, Eriksson N. Genetic variants associated mittion sickness point to
roles for inner ear development, neurological gses and glucose homeostasis. Hum Mol G20&6 May 1; 24(9):2700-8. doi:
10.1093/hmg/ddv028.
9. Kuitunen T, Leino T, Parkkova K. Motion sicknest sea and in the air. Duodecim; Laaketieteelligkakauskirja.
2011;127(13):1378-80.
10. Khox G. Genetic factors in vestbular funtiod amotion sickness. J. Otol. Rin@D15; 4:3. doi: 10. 4172/ 2324-8785.1000225.
11. Krueger WWO. Controlling motion sickness andtigp disorientation and enhancing vestibular réitetion with a user —wom
see-through dishlay. The Laryngoscope. 2010; 121$%$7-S35. doi:10.1002/lary 21373.
12. Thornton WE, Bonato F. Space motion sicknedsastion sickness: symtoms and etiolog. J. Aviati&wace, and Environmental
Medicine. 2013;84(7):716-21. doi:10. 3357/asem,3213B.

Crarrs Hagifina 22.12.2019.

102



