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Abstract

In ierospace activities, motion sickness, specifically wirsickness, continues to bea problem during flying training and in regular
operations for airerew and passengers (e, paratroops). Simulator sickness can degrade the effectiveness ol simulitor traming
uned space sickness reduces the efficiency of astronmus, Seasickness is also olaeromedieal coneen inso Tar as ftaffeets nirerew
operating from ships and the survivability of ditched aviniors,

The Lecture Serivs has been designed, primarily, to aid praetising Flight Suigeons in the performancee of their primary cuare
duties, 1t should also be of interest to others whe wish to obtain i overview of vecent advinees in the understunding of the
actiology and treatment of motion sickness:

“The topics to he covered in the 12 leetures are:

Clinieal features of motion sickiuess

Operational sighificance of motion sickuess

Activlogy and neurophysiological mechanisis

Physical characteristios of provocitive maotion

Special fentures of uir, spuee, sea and simulutor sickness
0, Selection and assessment of suseeptibility

7. Prophylasis and management,

e

The Leetuie Series will conclude with a Round Table Discussion,

This Levture Serws, sponsored by the Aerospier Medicn! Panel of AGARIL, has been implemented by the Consultant und
Exchange Progranine,

Abreégé

Dans les operitions aerospitinles, el des tansports, et e paticnlics, ke mal de Fairccontinue i poser des prablemes pour
les dyuipages ethes passigers (cest vdive les parachutistes), yu'il s'agisse de missions operationsielles ou de vols dentrainenient,
Le mal de simulateur peat nuive i Pelficacitd de Pentrinement en simulateur et Te mul de Fespae reduit fes capacites des
spationautes, Lo miabde orerest dgadement wn domaine d'étude adromddical dans lamesare o ik eoneermee les équipages bises
Bord de navires ¢f Tnsuvivabilité des oviateurs consdeatil aus gamerrissages,

Lobjet principul de ee eyele de conférences est d'apporter une aide aux mddeeins de Fair dons Fadministration des soing
printdres, intéressera diautees personnes voulant oblepir une synthose des derniers progres earegistrés dans le domaine de
Pactiologie et du traitemet du mal des transports,

Les sujets gui seront traites lors des 12 conférences sont les suivants;

Les aspeets eliniques du nal des transports

1 limpact opérationnel du mal des transports

I nétiolagie et les mdeanismes neuroplivsiologigues

Les ciractéristivues physiques du mouvement provocing

-es particularitds des mans de Fairgde Fespaee de mer et e sinulateur
A seléetion et Pévaluation de ln suseeptibitind

avprophylaxie et ln gestion

U e el —

L table ronde sern otganisee einfin de séancee.

Ce eyele de confercuees est présente dans fe cadre du programie des Cansuliants et des Fehanges, sous Pégide du Panel
AGARD de Medecine Acrospatiale.
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SIGNS AND SYMPTOMS OF MOTION SICKNESS AND ITS BASIC NATURE

by K.E. Money
Senior Scientist, Defence and Civil Institute of Environmental Medicine
P.O. Box 2000, North York, Ontario, Canada, M3M 339
and
Payload Specialist, Canadian Spaces Agency
Ottawa, Canada

ABRSTRACT

The cardinal signs and symptoms of motion sickness are malaisa, pallor, (and
or/fluashing), cold sweating, ahdominal discomfort, changes in gastric motility, and
changes in levels of cirsulating hormones., Cardiovascular, respiratory, and other signs
have also been raported, as have a varlety of other sensations, feelings and performance
changes .

It is reasonable to think that motion sickness is basically the activation, by
motion, of a poiason-response¢ mechanism.

BAS1U NATURE

In essunca, motion sickneas is the activation, by motion, of m poison-response
mechanism, This is obvious: motion glves rises to vomiting,

In certain motjon environments, something that must be called “peculiar”
happans. Motion sickness occurs, Motion sickness will be desrribed here, and the
doscription of motion aickness will ba hased on the assumption that only ons paculiar
thing happens: A& polson resaponse is provoked by motion. Common sanse suggesto that two
or three peculiar things do not indopendently occcur at the same time,

There are two currently-pvopular theories of why this peculiar thing happens, why
motion gives rise to a polson response. The oldor of these two theories, the conflict
theury, holds that in motion sickness ehvironmants the poison responsa ocours becausae of
& conflict., In a motion sickness environment, the pattern of senmsory inputs concerning
orientation and motion (vestibular, visual, and proprioceptor inputs) is in conflict
with the pattarn of inputs anticipated on the basis of previous experience (6,17}. 'The
conflict somehow gives rise to vomiting. The theory (unmodified) does not explain why
such a conflict is uttarly unable (8,9,14,15) to provoke vomiting in {ndividuals who are
lacking the vestibular apparatus of the inner ear. The theory alsoc does not explain why
such a contlict should produce vomiting instead of deep breathing, discharge from the
nose, or orgasm. The theory would apply equally well if the conflict p ocduced one of
these things instead of vomiting.

The more modern theory, that of Treimman (25), incorporates the confllct thoory
and does explain why vomiting should occur. Treisman's theory holda that the
conflicting sensory lnputs are interpreted centrally as neurophysiological dysfunction
causad by poimoning. Treisman postulated that the brain atem machaniams of orientation
and motion norwmally perform an additional function as well as maintenance of bodily
equilibrium, stabilility of gazes, etc: the additional function is to detect and respond
ta certain poisons. In motion sickness situations the conflict in sensory inputs
simulates peiscning in those neural mechanisms.

There im convinclng evidence uf the basic validity of Treisman's theory. It
seema clear that the brain stam mechaniams of orlentation and motion do in fact Function
also to detect and respond to certain poisona. The experiment showing this (13,14)
found that, in experimental animals, surgical removal of the vestibular apparatus of the
inner ear rendered the animals defective in the emetic response to certain poisons
injected intramuscularly. This is positive svidence that the vestibular system is
involved in poison response. The surgery encroachad only on the ear and, of course, it
almo rendered the animals completely nonsusceptible to motion sicknasm. The veatibular
systom is involved in polmson response in circumstances of motion sicknesm and also in
ciroummtances of poisoning with certain toxic chemicals.

Motion sickneas is a poison response provoked by motion. It 1a a poison response
provoked by motion acting (directily or indirectly) on the ventibular system.

S1GNS AND SYMPTOMS

The signs and symptoms of motion smickness can be considered the manifeatations of
the poison response. Although Treiaman confined his theory of motion sicknems to naussa
and vomiting (25), it is clear that, whenever vomiting is provoked Ly motion, other
bodily responses are also provoied, and sometimes thesa other responses occur and
vomiting doss not occur. Sometimes pallor, cold sweating, and malaise occur in a motion
environment and vomiting does not. Motlon sickness is a polsan rosponse provoked by
motion, not just vomiting.

Motion sickness is possibly the purest and simplest poison response available for
study, because it can be produced for study without the complicating prescnce of a
poison. It is produced by a motion stimulus that masquerades as a poimon. It {=a
interesting to think that a perscn known to be poisoned (for exanple, by apomorphine}



would think that the polson is a terrible one because of the horrible nausea, pallor,
cold sweatiag, vomiting, etc: but the reality might bhe that the dome of apomorphine had
no adverse effect on the body, except that it triggered one of the body's
polson-response mechanisms; then the body inflicted all thoae miseries on itself., A
polson that causea faclal pallor might not do so by a direct influence on the blood
vaasels of the skin, or even by a direct influence on the autonomic nervous mystemr it
could do so by activating one of the body's poison-response mechanismas, and that
mechanism could then act on the hypothalamlic centers c«ontrolling the autonomic nervous
aytem to produce the faclal pallor. In motion sickness it seema that when the
poison-response mechanism is activated the body then inflicts on itself a variety of
signs and symptoma, to be described below.

Motion sicknesa nigna and symptoms ars often thought of as, firet, naussa and
vomiting, and second, all the "other" ones. However, as indicated above, it will be
assumad here that only one peculiar thing happens in motion sirkness environments: a
poison response is provoked. There is no reason to think that anything else ia
happening, and all the signs and symptoins will be considered to bo part of the poison
rasponse., The #igna and symptoms of motion sickness will therefore be classified as,
first, those associated with emptying the stomach, and sgcond, those associated with
counteracting or surviving the part of the poison detected (incorrectly) in the
bloodetream.

There is a considerable number and varlety of signs and aymptoms that differ in
different individuals (1,2,3,4,6,12,17). However, some signs and symptoms appear ta
occur in all, or almost all, cunes of motion sickness ih humans, and only these aigna
and symptcias wlill be listed here.

SLONS AND BYMPPOMS ASSOCIATED WITH EMPTYING THE STOMACIH

Abdominal awareness
Abdominal dircomfort
Nausea

Motility of the stomach
Vomiting

SIGNS AND SYMPTOMS ASSOCIATED WITH COUNTERACTING OR SURVIVING 'THE POISUN IN 'THE RBLOOD

Malaise

Slespiness

tleadache

Pallor (and/or flushing)
Cold sweating
Cardiovascular changes
Endoorinological changes

Abdominal awarenads, abdominal discomfort, and nausea are possibly parts of a
gradient of a wingle symptom that would have the effect of preventing the further
consumption of a toxic food. They would almo tend to have the effect of preventing the
consumption of that food again on future occasions {25), They are poasibly the
conscious reflection of unusual actlivity in the central emetic mechanlsms (6,12).

Motility and tonus of the stomach decrease with motion sickness in most human
subjacts (7,1?), Gastric {(and intestinal) motility has been observed in motion aickness
in humans by listening to the gut sounds with stathescopes and microphionas (24): the
pounds diminish, usually to silence, with notion sickness in spuceflight. X-ray studies
o€ the gut before and after expoaure to nauseogenic motion (16) also reveal decressed
motility with nausea i1 most subjects, Balloons hava bean placed in the stomache of
humans subjected to motion sickness (3,7,26); overall, decreases of tonus and notility
predominate, but some prominent exceptions are reportea (3). 1h one subject with a
nastric fistula, direct visualization of the stomach during nausea was possible, and
this subject together with threes normal subjects with gastric ballcona was exposed to
vestibular and other nauseogenic stimuli: "nausea oecurred only during gastric
relaxation and hypomotility" (26).

The slectrical activity of the gut has also been studied during motion sickness
(6,19,20) using electrodes attached to the skin over the stomach. 'Tha electrical
activity recorded in this way is called the electrogasttogrum or EGG, The EGQU changes
with motion sickness! the chan.e is typically a decreassd magnitude of the EGG voltage
(6,20) and an increase in the basic elaectrical rhythm from the normal 3 cycles per
minute to 5-7 cycles per minute (19,20). This increase of the hasic slectrical rhythm
of the EGU, although it is called tachygastria, is in fact associated with gastric
stasis, decreased gastric motility (20,23), so that tha increasad EGC frequency is
consistent with the decreased gastric motility observed with microphones, balloons, and
x-rays. The decreased amplitude of the EGG is also associated with decreased motility.

The EGG im an index of interest in studies of motion aickness; it is an index of
something underlying motility, There is no simple relationship betwean recorded EGG
values and, for example, recordings {in dogs) from force tranducers fixed to the gastric
sarosa (1B)., 'The basmic electrical rhythm of the EGG reflects “pacesatter potentials of
the stomach, but not gastric contractions” (20), Howaver, when gastric contractions do
occur Liwy are time-locked to the L. At che highar basic EGG rhythms, contracticns




tend not to occur at all. Also, "the amplitude of the FGG increasea when a contraction
occurs® (20). 1In motion sickness, both the increased frequency of the basic eleatrical
rhythm of the EGG and the decreased EGG amplitude indicate decreased gastric motility.

It is possible that the decrease in gastric motility would have survival value in
someone who had ingeated a poison: it would tend to keep the poison in the stomach,
where absorption might be slower and where vomiting could remove {t. '

Vomiting removes the poison (that is not there) from the stomach. The physiology
of vomiting has been recently reviewed (6).

It is not clear how {or whether) malaise, sleepiness, and headathe would improve
the chances of surviving poisoning, but they would tend to encourage the poisoned
individual to lie down.

The pallor, the cold aweating, the cardiovascular changes, and the
endocrinological changes of motion sickness can all be meen au parts of a general streas
response that includes an overall activation of the sympathetic nervous system (8NS).
The stresa response (it is assumed) enhances the chances of surviving poisoning, and it
occurs in the absence of any stress on the body, for the same reason that vomiting
occurs without any poison in the stomachi a poison-response mechunism has beaen
activated. It should be noted that most motion sicknems environments do not stross the
body; bablies slaep in these environments, Only if the poison response is provoked does
the stress response appear (in the abpence of streas).

It is unlikely that pharmaceuticals selucted to counteract the autonomle signs of
motion sickness would be satisfactory, becausc no ono suffering from motion mickness
cares about the autonomlc signs: only pharamaceuticals that counteract the nausea and
vomiting are relevant to the sufferer's dealies.

Pallor is a reault of vascconstriction in the skin, probably in renporime to an
incrense in the SNS activity to the bloud vesaala of tha skin {6), and it is a slygn of
motion sickness that is almost invariably (3) sesn before vomiting., 1t has been found
recantly, however, that in soma indlviduale there i flushing am part of the akin's
reaction in motion nickneas {1l), Sweatlng (eccrine sweatlng) aimilarly results from an
increase in activity in the SNS supply to the sweat dlands, although the postganglionic
SNS supply to the wweat glands is cholinargie (6). ‘Fhe cavdiovascular changes of motion
sickhoss aro also conslatont with an overall activation of tho 5NS:  the pulmwe rate
increases slightly (2,3) and the blood flow to skeletal muscle invrenses (21),

The andocrinologloal changes with motion wicvkhess aluo reseuble a atress
responge. Recent studies have found that humane {n wotlon wiokness have incraeased
ciroulating levels of AVP, ACTH. KPL, NE, GH, apd PRL (5,6,10,22). AVP means
antldiuretiu hormone, ACLIH means adrenodorticutrophic hormons, WPt means opinoephrin, Nu
ueans noradrenalin, GH means growth hormone, and PRL meana prolactin,

Although thiu partleular collectlon of autonomiu and ehdourinolugleal respotnos
ls typlcal of o stress responso, it le not cloar exactly how Lt would lmprove tho
chancan of murviving a polson. Perhaps this would be clear If {t wara Khown what poleon
the body thinke 1t has ingostod in motion sickness: or parhaps the response s
applropriate for suveral, or even most, polaons

To the gxtent that motion swickuovus Lls noimen sand vomiting, tae “arhaprY aiann and
symptoms are poculiar epiphonomona, but {f it is assumed that only one peculiar thing
happens in notion aickness (a poieon rusponse ie provoked by unnatural motion), thon all
the signg and symptoms must be part of that polson response. [f the autonomblc effactn
wore peculiar epiphenomona, 1t would be diffleult to understand how their manipulation
by cortical control, using autogenic foedback, could {nLFluence the nausea and vomiting:
tt would be like pushing on a atrin;. lowever, if the autonomic effects are part of a
poigon response it is immediatuly understandablo that a cortleal input to the antonomic
effectors could take a route (for example) through the polson-redponse mechanism and
affect alao other partas of the polson response, such as hausea and vomiting. Autogenic
feedback training does, of course, influence nausen and vomiting, but how Lt does so is
perhaps capler to understand if it ia asaumed that all signs and symptoms of motion
sickness are part of a polson response.

If cortical input to the autonomic effectors of motion sickhness can exert a
desired lnfluence on the nausea and vomiting, then perhaps (with training) a cortieal
influence on the sleapiness und malaise might be beneficlial alro; the cortex might
convince itoelf (by way of the poison-response machanism) that it feels finae, that it is
in excellent health, and that it is wide awake: ln doing so it might attenuate the
nausea and vomiting.
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MOTION SICKNESS AND ITS RELATION TO SOME FORMS OF SPATIAL
ORIENTATION:
MECHANISMS AND THEORY

Fred E. Guedry

Nuval Acrospace Medical Research Laboratory
Naval Air Station, Pensacola, FL 32508-5700
and
University of West Florida
11000 University Parkway, Pensucola, FL 32514-5732

INTRODUCTION

The mechanisms of motion sickness fall under three component topics, which separately
involve distinctive subject matters and together chullenge the entire scope of neuroscience disciplines,
The components are: 1) The process involved in the sensorimotor and perceptual-motor adjustment to
the sustained experience of unusual motion. 2) The neurochemical link whereby the neurochemical
processes and byproducts of sensorimotor adjustment sccumulite to 4 threshold level that when
exceeded elicits the sickness syndrome. 3) The sickness syndrome, which includes emesis and all of
the autonomic and psychological accompaniments that degrade performance,
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Figure 1. Motion sickness involves three component topics,

The three components, though distinctive, are inteructive. Emesis often gives relief so that
unusual motion can again be tolerated, at least for a while, but the mulaise associated with the sickness
syndrome may reduce willingness to remain in the motion environment long enough to achicve
adaptation. A quick summary of where we stand today is that much remains to be understood under
each of these topics but fortunately for the neweomer to this fiekd, excellent reviews and overviews are
available (Crampton 1990, Benson 1988b, Davis ¢t al., 1986, Graybicl 1969, Money 1970, Reason
and Brand 1975, Tyler and Bard 1949),

OVERVIEW

A verbal picture by Crampton (Carr and Fisher 1973) several years ago, presented bere us
Figure 2, provides an overview of the mechanisms of motion sickness, An hcmunculus, who
reportedly lives in the cerebellum, has the job to receive messages from the motion sensors, the
vestibular nuclei and higher levels, and to operate a switchboard appropriately to initiate fast automatic
sequences of motor reactions that will improve the quality of motion control. For voluntary motion,
he receives advance information concerning the gonl of the movement and he also is awure of the state
of the muscles. in advance. When messages from motion sensors are either in conflict with one
another or occur in an unfumiliar pattern, the homunculus is confused and with confusion of sufficient
length or intensity, he will sweat or vomit and contaminate the cerebro-spinul estuary so much that
chemical sensors on the floor of the fourth ventricle signal the environmental protection agency to
commence disposal actions.
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; 4 . Figure 2. A cartoon illustrating  the
y /v,—,#[m’/ mechanisms of motion sickness.
o b /J‘ Above the homunculus are the
'/\\ sensory  motor  mechanisms
s A, involved in motion sickness
while below is the neuro
chemical link to the vomiting
center. The pump represents the
‘all or none' vomiting reflex
which is part of the complex
sickness syndrome, Recently, the
locus of Chemoreceptor concept
and the concept of a single
vomiting center have been
challenged.

SENSORY SYSTEMS INVOLVED MOTION SICKNESS

The sensory-motor systems involved in motion sickness are those that detect motion relative to
the carth and, by their central neural processes, gencrate motor responses that serve to maintain
balance, to stabilize vision through oculomotor control and in general serve to improve the quality of
the control of motion relative to the earth, The vestibular system, the visual system, and the
proprioceptor system (the pressure sensing properties of the skin and the sensory processes of the
muscles and joints) are the principal systems,

Of these, only the vestibular system is gxclusively dedicuted to: 1) deteeting motion of the
head and body relative to the carth, and 2) generating reflexive motor activity that improves motion
control while motion is in progress, The vestibular system is more like a sensorimotor system than «
simple sensory detector, Vision, audition, olfaction and touch often serve to locate and detect motion
of objeets relative to the body. The westibular system does not detect objects in the environment but
rather serves to provide 3-dimensional earth-reference 1o visual und nuditory images of objects, slopes
and puths as the head changes orientation relutive to the environment. From this perspective, sensory
messages from muscles and _Loints und tactile information from weight-bearing surfaces are allied to
the vestibular system in the business of controlling motion relutive to the earth and in detecting the
direction of gravity in order to maintain balance and control motion relative to the earth,

A cornersione fuct in the present fund of knowledge on motion sickness s that a functional
vestibular system is necessary for the occurrence of motion sickness. Efforts to evoke motion
sickness in man and animals deprived of vestibular function, have consistently failed (James 1882,
Kennedy gt gl., 1968, Reason and Brand 1975, p.86, Sjoberg 1929, ¥ang and Chinn 1956), Even
partial destraction of difterent vestibular endorgans confers a degree of immunity, at least until centrul
compensation for the partial peripheral loss has occurred (Igarashi, 1990), Because of its central role
in motion sickness, understanding ot the vestibular systent is necessary to the appreciation of the
stimuli that initiate motion sickness.

THE VESTIBULAR SYSTEM

It is beyond the scope of this chapter to provide i detailed description of the vestibular system
which has been done many times before (Wilson and M. Jones, 1979), but an overview of some
principal characteristics is necessary for discussion of the mechanisms of motion sickness. Figure 3
provides a4 summary overview of vestibular connections to the systems involved in motion sickness.

The vestibular sensory endorgans consist of two kinds of sensors: the semicircular canals that
detect angular acceleration of the head and the otolithic membranes that detect tilt relative to gravity.
These two sels of gcceleration detectors ure located in fluid-filled tubes and sacs that are firmly
attached to and encased in a labyrinthine cavity in the petrous portion of the temporal bone of each car.
The receptors in either ear are capable of detecting and setting off reactions to all of the directions of
angular and lnear motion that are normally detected by bodh ears,
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SEMICIRCULAR CANALS

The semicircular canals detect angular acceleration and are not affected by linear ecceleration or
by different orientations relative to gravity. The semicircular canals respond in exactly the same way
irrcspectivc of whether they are st the certer of rotation or at some radial distance from the center of
rotation,

A simplified diagram of the structure of these receptors within one ear is shown in Figure 4,
‘The planes of the semicircular canals lic approximately at right angles to one another. Each canal is
filled with a fluid, endolymph, which, by virtue of its inertia, is displaced slightly relative 1 tube
wulls whenever the head experiences an angular acceleration in the plane of that canal. Displacernent
of the endolymph deflects the cupula, a structure which behaves like a damped drum because it seals
an expanded portion of each canal, the ampulla, The amount by which the cupula is deflected is
communicated to the vestibular receiving arcas of the brain by sensory hair cells lying at its base
beeause hairs from these cels extend upwird into the gelatinous cupula.

As well as conveying information about the rate at which the head is being turned, these
signals also generate reflex eye-movements, whose primary function Is to maintain stuble retinal
images of the visual world, Though stimulated by angular acceleration, the dynamics of the cupula-
endolymph systern are such that the sensory signal from semicircular canal afferents is proportional to
angular velocity of the head. The semicircular canals thus act as angular speedometers capable of
sensing angular velocity in any direction as the head is rotated, when the frequency of head angular
veloeity aporoximates frequencies of natural voluntary movement,

OTOLITH ORGANS

The otolithic membranes, in the utricle and the saceule, function like density-difference linear
accelerometers, The specific gravity of the caleite erystals in the utriculir and saccular membranes is
miuch greater than that of the surrounding gelatinous and fluid medium. When the head tilts to the
right, the utricilar membrane slides right due to the weight of the embedded crystals thereby bending
cilin of underlying hair cells. The pattern of cilia deflection signifies rightward tilt of the head. A
different pattern of haircell activation would signify different directions of head tilt.

A primary function of the otolithic system is to indicate the orientation (tilt) of the head (and
body) relative to gravity. Notice however that if the head and body were accelerated linearly to the
left, the utricular otolith membrane would again slide toward the right ear, even through the head
remains upright relative to gravity, The otolith system can respond in the same way for tilting of the
head or for a horizonta! linear acceleration so that it does not always signify tilt of the head (and body)
relative to gravity. Recordings from difTerent otolith primary afferents show that some units respond
maximally for particulur tilt directions and angles whereas others appear to be influenced by movement
rather than position of the otolithic membrane (Fernandez and Goldberg, 1976).

When horizontal linear accelerations are sustained (as can be done by maintaining fixed head
position relative to a constant centripetal acceleration vector on a centrifuge) tilt is perceived as would
be expected by the "steady-state” displacement of the otolithic menibranes. But when the linear
acceleration is brief and changing, then the person perceives linear movement, Movement-gensitive
otolithic afferents may provide information on the linear velocity of movement during changing linear
accelerations it the frequency characteristics of the change yield continual movement ruther than
“steady state” displacements of the otolithic membrane. However, how would the vestibular system
immediately discriminate horizontal linear oscillation of the head from rapid to and fro tilts of the hsad
when both would involve continual movement of the otolithic membrane? Here the absence of
semicircular canal angular velocity signals coupled with the presence of otolith signals could
discriminate linear movement from dynamic tilr; dynamic tilting produces both semicirculur canal
signals and otolith signals.
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Figure 3. Interrclations of various neural structures associated with the vestibular system.
Structures involved in reflexive and purposive beliavior elivited by physiologic
vestibular stimulation are indicited by heavy dark urrows. Structures associated with
vegetative ceffects elicited by unusual vestibular stimulation ure bounded by the dashed
line. Modified from Correia and Guedry (1978).

CANAL/OTOLITH INTERACTIONS

Functionally, the semicircular canals tell the brain about the rite of rotation of the head relative
to the earth when head movements approximate the temporal (frequency) characteristics of natural
head motions. At much lower frequency of angular oscillation, the canal signul can be considerably
phase displaced relative to the head velocity so that a turning motion may be perceived as stopped and
even reversed in direction before the head movement actually stops. The canals locate the axis (or
plane) of turn relative to the head but they do not provide information on how that plane of head
rotation is oriented relative to the earth. For example, when the head is turned from leftward gaze to
rightward gaze, the horizontal canals provide rate of wrn information throughout the turn and the brain
can integrate the velocity information to know how far the head has turned (Bloomberg et ., 1991,
Guedry 1974). The predominant horizontal canal signal indicates that the head turn is in the yaw
plune of the head. If the gaze is change . by movement of the head and eyes from extreme upward
guze to downward gaze towurd the feet, the vertical canals indicate the rate of head turn throughout the
turn and the velocity information can be integrated by the brain so that the angular extent of the pitch
plune movement is known (Guedry etal , 1971). But the plane of rotation pelglive to the earth is not
known from the canal information; sensory information from the canals would be the sarie
irrespective of whether the person were standing upright, lying on the side, or supine or prone.
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Figure 4.  Orientation of the semicircular canaly and otolith organs (utricle and saccule). Inset
figures illusirate planes of the semicircular ¢anals and also the x, y, and z head axes (cf
Hixson, gt al., 1966). Moditied from Correla and Guedry (1978).

The otolith-bearing sensors provide information that locates the plane of the movement of the
head relative to the earth while the cunals provide angular rate information throughout the movement,
Wheunever pitch (or roll) head movements are made while the person is standing or walking in normal
upright posture, the otolithic system produces a sequence of angular position signals (relative to
gravity) that match the integrated velocity information from the canals. During pitch forward heud
movement from upright posture, if at some point the otalithic sensors indicate pitch-forward head
position of 30 degrees relative to gravity, the integrated rate information from the canals indicates 30
degrec displacement from start position und gaze can be redirected back to start position if the person
so chooses, even in the dark (Bloomberg 1991, Guedry et al., 1971).

Effective vs. Aberrant Interactions

Assume now that, through biochemical intervention or an inflammutory process, the gain of
semicircular afference is increased to twice the usual signal. At the end of a 30 degree head pitch
forward from upright, the otolithic sensors would signal a 30 degree pitch forward position but
integrated semicircular canal information would indicate 60 degree angular displacument from start
position. Gaze coutrol would be problemutic, to say the least. Moreover during the head movement
the rate of head movement experienced would be much too great for the angular positions being
achieved. Interestingly, exactly this kind of canal/otolith neural mismatch is produced during a simple
centrifuge run (Guedry and Oman 1990) and subjects are confused, disturbed und deplore centrifuge
training because of the repugnant experience (Guedry and Rupert 1991/a).

If this hyperactive canal condition were to continue during daily activities, the brain could
impose a reduction in gain of vertical canal neural inflow at some level before the perceptusl-motor
reactions are generated, returning motion control toward a state of normaley but the neursl-mismatch
would induce motion sickness during the adaptive process und then again wﬁcn the adapted individual
returns to his normal environment.




Whereas all head movements made from upright posture involve a tight coupling between
otolith-information and vertical canal information, many yaw head movements made from upright
sture involve very little angular position change relative to gravity, However, the axis of head turn
is also frequently inclined relative to gravity dusing yaw hend turns (even during upright posture) and
so the CNS, which is adapted for tight canal/otolith coupling for the vertical canals, may be adapted
for more varied interactions from the horizontal canals. This may explain di fering sickness incidence
observed for vertical and horizontal canal stimulation on earth (3enson and Guedey 1971, Guedry ¢
al., 1990) and during micro-gravity missions (Lackner and Graybicl 1984).

Assume now that two pitch head movements are made through 90 degrees from uprirht
posture and that the two movements are identical in total angular displacement and in the angular
velocity profile during the movements, But one is made by bending at the neck while the other is
mude by bending from the hips. Semicirculur cunal information would be identical but otolith
information would be different, Initial and final pitch positions indicated by the otolithic receptors
would be the same but trunsitional information would be different, Tangential acceleration of the head
(in one direction during starting and in opposite direction during stopping) reaches much higher
magnitudes during the trunk movement. Tie head traverses a greater path. Backward displacement
of the utricular otolith by tungential aceeleration at the beginning of the trunk movement soon gives
way to forward displacement as gravity components increase in the utricular shear plane. The more
rapid movement of the vtricular otolith membrune during trunk movement may reflexively influence
the differing muscle actions vequired in stopping the two movements. Such heud movements initiated
voluntarily are substuntially influenced by feed-forward preprogrammed mechanismsg but if the gain of
the otolith velocity information were to be altered so as to be discrepant with the preprogrammed
message, then the movement might be less well-controlled and accompanied by a report of dizziness
and confusion. Head movements made in hyper-G environments yield both transient (Gilson gt al. .
1973, Guedry and Rupert 1991/b) and steady-state (Correin gt al., 1968) effects that are disorienting
and the transient effects are confusing and nauseogenic, Head movements made in the Hyper-G
environment that occurs during the reentry profile of space shuttle following adnptation to the Hypo-G
orbital environment-- these head movements are likely to produce transient disorienting effects,

Canul/otolith interactions range from those that are clearly functionally effective, to muany that
may constitute either conflict or functionally effective inteructions (advance in vestibulur ncuroscience
is nceded to decide), to those, such us the cross-coupled angular velocities, that are unmistakably
sensory mismatches,

Interestingly, the clear canal/otolith conflict from cross-coupled angular velocities can be
resolved into benign concordant stimuli by subtle changes in accompunying stimuli, The "Coriolis
cross-coupled” stimulus is produced by tilting the head during sustained whole-body rotation, This
stimulus has played a major role its popularizing sensory conflict as a source of motion sickenss. For
example, if the head is tilted forward during sustained clockwise whole-body rotation at 15 rpm, the
semicircular canals immediately signal a roll-right head velocity due to cross-coupled angular
velocities (Guedry end Benson 1978, Guedry 1974, Guedry 1970). At this instant otolith afferents
signal 4 pitch-forward head position change, a clear mismutch with the roll-right angulur velocity
information from semicircular canals. The brain has been asked to set-off oculomotor and other
postural reflexes to compensate for motion in two different directions simultancously, Perceived
orientation-change is paradoxical, confusing and unpleasunt.

The subtlety of canal/otolith interactions is nicely illustrated by the fuct that this extremu
disorientation-stress reaction gives wiy to an accurate and benign motion perception if the head
movement is mude during the angular acceleration of the rotator (or immediately after 15 rpm angular
velocity is attained), The accurate perception is expluined by simple physics. During unguiar
acceleration, the horizontal canals sense angular velocity in the yaw-axis head plane, Thus the brain
has an accurate yaw-axis angular message when the head pitch is initiated, When the head is pitched
forward, cross-coupled angular velocities produce a roll-axis velocity signal to the vertical canals
which combines with the already present yaw axis signal to yield a vector that remains perfectly
aligned with gruvity (Guedry and Benson 1978). Thus the canal/otolith mismatch is avoided, the
VOR is uppropriate in piane to compensate for the plane of head motion relative to the earth and the
motion perceived is essentially accurate, not confusing or disturbing, When the head-tilt is deluyed
until the yaw-axis canal signal has dissipated, then the highly disturbing canal/otolith conflict is fully
appreciated. The immediate after-effects of optokinetic stimulation can also be used to cancel the
conflict (Guedry, 1978) because visuai motion can simulate, in the vestibulur nuclei, horizontal canal
(yaw-axis) stimulation (Waespe and Henn 1977, 1978).
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Interactions between the canals and otolith systems that have common (everyday) functional
value is 4 topic that has been relatively neglected by vestibular neuroscientists and it is critical to any
motion sickness theory that rests on the presumption that sensory conflict is important to the
provocation of motion sickness, Fortunately interest in this topic is developing (Benson 1974,
Curthoys etal, 1991, Gresty ¢t al., 1991, Guedry 1991/c, Paige and Tomko 1989, Raphan and
Cohen 1986, Raphan ¢t al., 1979).

Whereas the semicircular canals react identically to angular acceleration, |, irrespective of thelr
distance, r, from the center of rotation, the otolithic receptors, which are not responsive to angular
acceleration, per se, are nevertheless stimulated during angular accelerations whenever the head is
displaced from the center of rotation because rotation at a radius yields tangential linear accelerution.
For example, with the head fixed in forward-fucing tangential heading, but displaced radially from
rotation center, angular acceleration, ylelds tnngentiuf acceleration, r. With continued angular
aceeleration another vector, 2 2r, that was negligible initially, increases rapidly as angular velocity, Q,
increuses.

These two vectors are at right ungles to one another and with the heud positioned as shown in
Figure 4, they would lie approximutely in the utriculur plane. During angular acceleration, the
resultant of these two vectors is a vector that rotates in the utrlculur plane. Here we are not really
ignoring gravity, as it might seem, but we are attending to that component of the total lineur
accelerution (gravity, tangential und centripetal components) that nets in the mean "shear plane” of the
utricular otolithic membrane,

This resultant vector rotutes in the shear plane during the course of the angular acceleration in a
counterclockwise direction, depleted in Figure 5, while the semicircular canals signal (in this exumple)
counterclockwise rotation of the head, During deceleration of the heud the resultant vector rotates in
the utricular shear-plane in the sume direction as during the accelerntion but now the semicircular
canals, Indicate rotation in opposite direction. Whether or not these difterent canal-otolith interactions
have functiosal utility in natural movement is not known but perceptual effects on centrifuge runs
suggests that such differences in canal/fotolith interactions may serve to differentiate tumning-at-a-radius
from turning about a body-axis (Guedry, 1991/c). This interpretation differs considcmblf/ from
assuming that one configuration represeints neurs! mismatch while the other represents functionally
effective interaction.
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SENSORY CONFLICT, NEURAL MISMATCH

A generally accepted hypothesis today is that conflicting messages from sensory detectors of
motion produice motion sickness, This idea, which is not new (Guedry 1970, Irwin 1881, Lansberg
1960, Mcintyre 1944, Giman 1990, Reason 1978), has guined favor over the notion that vestibular
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overstimulation is responsible for motion sickness because very mild vestibular stimuli produce
sickness when sensory conflict is present whereas some strong vestibular stimuli can be repeatedly
tolerated without sickness. A partial melding of these ideas may be called for, viz., very strong
vestibular stimuli, in the absence of apparent sources of extercceptor conflict, may produce sickness
when their continued presence threatens the subconscious but pervasive imperative to control whole-
body motion relative to the carth. Nevertheless, sensory conflict is a significant factor in stimuli that
induce sickness.

Some examples from experiences of everyday life will serve to clarify the nature of sensory
conflict and its relution to control of motion. While in the well of a small cabin cruiser that is moored
to a dock in a boat shed, a person proceeds without pause to inspect instruments within the boat and to
check the engine. Vestibular sensations from a gentle rocking of the bout are concordunt with
peripheral visual motion cues from surrounding dock and the visuul/vestibular interaction aids balance
control, even though the vestibulur and the peripheral visuul messages fail to reach conscious
awareness. Suddenly to maintain balance and to allay a little alarm signal, the person grasps for
support and shifts gaze 1o find the source of alarm, A fairly large boat has entered the adjoining slip
and produced u lurge moving peripheral vision message, discordunt with concurrent vestibular
information, Bulance control 15 threatened until the person's spatial model und motor control strategy
are adjusted, A similar experience occurs when a person places the palm of the hund against a wall in
order to relax by leaning against the wall, which happens to be a sliding puncl, not an earth-fixed wall,
Again o little alurm, a diverted guze to understand and a postural adjustment serve to restore cffective
control of motion and orientation relative to the earth, Both situations involve sensory mismatches in
the context of an operating spatial model and motlon control objectives; they chullenge built-in demund
to maintain control of motlon and orientation relative to the carth, In these examples, the sensory
feedback associated with motlon control would have remauined below consclouy awareness had the
conflict not occurred and in both exumples the conflict was resolved on a conscious level, In many
motions that induce sickness, conflicts may be sensed only as slightly confused perceptions and the
alarm reactions may remain subconcious. Cven for alarm reactions thiit penetrite conscious awarencess
due ta severe sensory conflict, the reason for the alarm reaction cannot be understood by quick
inspection unless the observer is very well informed on the role of sensory conflict in motion
sickness. This is the nature of sensory conflict in motion sickness.

CONFLICT V8. MISMATCH

The phrase sensory conflict curries implications that do not clearly tit u number of stimulus
conditions that provoke motion sickness. While conilict is an approprinte term for "Coriolis cross-
coupled” stimulution, & number of nauscogenic motions involve stimuli in which one sensory input
persistently catls for a renction while information from another sensor is "abnormally" absent, Such is
the case for sustained off-verticul rotation in which a continual reorientation relative to gravity of the
otolithic sensors is unaccompanied by semicireulur canal information (Benson 1988/b, Benson 1974,
Guedry 1965/u), informution normally present when the head is voluntarily turned about the head's -
axis while the axis of hend wrn is off-vertical. A brief natural hend turn about a tilied axis generates
coordinated canal and otolith informution whereas during sustuined rotation the coordinated canal
information disappears, Head movements mude during earth-orbit missions pencrate normal
semicircular without the usually coupled change-in-orientation information from the otolithic sensors
(and here it would be nice to have much better basic information than is available on the dynamics of
the mechanical response of the otolithic sensors to lineur accelerations in "microgravity'). Head
movements (pitch or roll) involving the vertical canals (that on earth are typically accompanied by
otolith information) are more provocative in microgravity than yaw movements (Lackner and Graybiel
1984). More than 66% of astronauts are aftlicted with space motion sickness for several days until
adaptation occurs (Reschke, 1990), Here we have sensory messages not clearly in conflict with one
another but rather sensory messages in combinations that can't be immediately interpreted by the brain
networks that generate sequences of motor reflexes that ordinarily improve the quality of motion
control, From this Yerspective we prefer the term neural mismatch to sensory conflict in
charncterizing stimuli that lead to motion sickness.




EMPIRICAL PROCEDURE FOR NEURAL MISMATCH ASSESSMENT

The vestibular-system always operates as a silent partner to improve the efficiency of goal-
directed voluntary body movements relative to the earth, Normally vestibular sensations do not
achieve conscious awareness. For example, as the guze is changed by head and body movement to
see the source of a sound, the person is aware of the sound and then of the visual object and may be
aware of pain from an arthritic joint but is unaware of the vestibular message. This property of the
vestibular system can be used as a clue to the presence of neural mismatch, Vestibular sensations
achieve congcious awareness in voluntary ambulatory movement only when they are 'disorderly’ in
relation to concomitant information from other senses that participate in the control of head and body
movement relative to the earth, The dizziness that accompanies vestibular disorders is poorly
described because the afflicted person is confused und disturbed by mixed signals from the various
senses involved in the control of motion, Immediate confusion and disturbance from motion stimuli
are therefore useful signs that neural mismatch is present either due to dysfunction within the motion
sensing processes or due to unusual motion, beyond the range encountered in daily activities,

Awareness of motion and inaccuricy of motion perceptions cannot be used as indicators of the
presence of sickness-provoking stimuli, because vestibular sensutions usually achieve conscious
awuareness during passive motion. Accuracy of motion perceptions cannot serve as an indicator
becuuse perceptions may be wrong but not at all confusing, An example is the poust rotational
sensution of spinning following u gentle stop from low speed whole-body rotation In darkness. The
spin perceived is inuccurate but not confusing, disturbing or naussogenic because the misleading
message from the semicircular canals encounters minimal conflicting information from other motion
sensors and passive body movement minimizes demand from compensatory postural reactions. This
example may seem ill-chosen in the light of the sickness provoked by the "sudden-stop test" (Graybiel
and Lackner, 1980). The conditions for the sudden-stop test involve an angular impulse that
generates a spin sensation of sustained magnitude far beyond uny commonly encountered together
with an angulur impulse to the muscles and joints that would awaken spino-vestibulur interplay
(Wilson and M, Jones, 1979) despite body restraint in the rotution device, The sudden-stop test
provokes sensations that are immediutely confusing and disturbing,

Until vestibular neuroscience advances to a complete understanding of what is sensory conflict
and what is functionul sensory interaction, the best available empirical clue to neural mismateh is the
presence of confusion and slight repugnunce (disturbance) in the overall immediate perception.

CONCEPTUAL GUIDES FOR IDENTIFYING PROVOCATIVE STIMULI

Benson (1988/b) has provided o conceptual elassiticatiou of provocative motion stimuli, based
on the neural-misnic . b theory of motion sickness. We propose another category of neural mismatch
in the lust colunn of Table I, inforred from the very different reactions to active and passive motion.
The perceptual responses, oculomotor reflexes, trunk and limb reflexes during and after sustuined
active turning differ markedly from their counterparts during and after passive turning,

A confused and reversed perception follows active ambulatory turning that is attributable to
feed-forward messages initiated by volitional motor commands and concomittunt vestibular afferent
messages (Guedry gt al.,, 1978). Prostrotation trunk and limb torsional activity, present following
active ambulatory turning (Correia et al., 1977), is less appurent when the subject is seated and the
arms provide the torsional driving force (Guedry and Benson 1983). It is not apparent at all following
passive turning, seated or stundlnF. Thus the orientation perception und perceptual-motor reactions
differ from their counterpurts following passive turning which is dominated by the semicircular
canals. Perceptual reactions during goal-directed voluntury whole-body motion differ from perceptual
reactions followirg kinematically identical passive motion.




TABLE I:

Ideutification of Motion Cue Mismatch Engendering Motion Sickness

Type Visual(Ay/ ‘anal(A) Vestibular(A)
Vestibular(3) Otolith(B) Proprioceptor(i)
Mismatch Mismatch Mismatch
Type 1
(A) and (B) (i)  Reading hand- (i) Cross-coupled (i) Phase difference
simultancously held map or text (Coriolls) during low freguency
contradictory in turbulent stimulation vortical lineur
information {light Head movement oscillation
during rotation
about unother
axis,
@il Inspeetion (i) Head movement (i) Afwreffeet of
through binoculars in abnormal sustnined
of ground or acrial foree snvironment ambulutory turn
targets from moving which may be stable
aircrft (for example, hyper-
or hypo-gravity) or
flucluating (during
linear oscillation)
Typo 2())
(A) signals @) 'Simulutor (1) 'Spuce (1) Suddon Swop
without sickness', slckness', "est
oxpected (B) Plloting of Head movement
signat lixed buse i weightless
stimulator with environinent
moving external
visual display
(VFA)
(i) Pressure (i) Turnlng point zote
(uliemobaric) during low frequency
vertigo high penk velocity
unpular osclllatlon
Type 2(il) (i) Looking inside (i) Low-frequency () Null Class
(B) signals uircralt when (<0.5 Hz) linear
without expeeted exposed to motion oscillution

(A) signal
(ii) Rowtdon about
non-verlical uxis

Adapied from B.cnson (1988b)

Here we propase that vestibulur-induced motor response of the trunk and limbs come inte
oprosition with motor responses engendered by preprogrammed feed forward messages during
voluntary movement and by forces imposed directly on the muscles and joints by the motion jtself.

This cluss of neural mismatch is difficult to study relative to the ease with which controlled
changes in visnal-vestibular interactions can be imposed; its importance remuins to be determined. All
of the examples in this column of Table T may be Type 1 or Type 2. and Type 2(il) may be a null class
for this form of neural mismatch, The sickness prodl::ced in the "Sudden-stop” test and the immediate
disturbance that accompunies this ve:‘iy strong semicircular canal stimulus may be partinlly attributable
to postural discord with vestibular adjustment demands from this exceptional stimutus. Dulag vuy
low frequency high peak velocity sinusoidal angular acceleration, some subjects report u paradoxical
and disturbing sensation near the zero velocity cross-over of the stimulus--where the semicircular
cunal turning signal approaches and crosses zero signal, During this interval the Weber ratio
(Stevens, 1951) for comparison of car ! and proprioceptor signals may be optiral--canal signals
urﬁroach zero while proprioceptor sigrals from torsional effects on the body approach maximum,
although they are uever strong in the seated subject. Similarly during low frequency vertical linear
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oscillation, the perceived reversal poin: is phase advanced relative to the true point of reversal so that
subjects perceive 'hitting bottom' before maximum force on the subject's 'bottom' occurs.

STOTT'S RULES

In an effort to provide simplifying principles that subsume the many particulars of motion
stimuli that provoke sickness, Stott (1986) suggests some rules that the brain uses in evaluation of
match/mismatch, based on the fact that the overall visual scene is usunlly stable and gravity doesn't
change in direction or intensity (at least in the perceptual world of raan),

Visual-Vestibular rule: Angular ot linear head motion in one direction
must result in corresponding angular or linear motion of the overall
visual surround to the same extent in opposite direction. Here adequate
phase or planer matches must occur or else visual-vestibular sickness
provoking mismatches are present.

Canal-otolith rule: Rotation of the head, other than in the Earth-
horizontal plane, must be accompanied by appropriate angular change
in the direction of the lincar acceleration due to gruvity,

Utricle-saceule rulet Any sustained lineur acceleration is due to gravity,
has an intensity of 1 g (9.81 m/s2) und defines "downwards."

This lutter rule does not overlook the fuct that linear acceleration of the heud in the eurth-
horizontal plane yields u resultant force vector that s tlted relatlve to gravity hut rather assumes that
the sum total of body linear accelerations including gravity, over uny short period of natural voluntary
lovomotor uctivity, average to the direction of gravity and 1.0 g magnitude. One obvious deviation
from this rule is running or walking In 4 circulur path where the uvcmf;c centripetal acceleration yields
u tilted average linear vector. However when this occurs the vestibular system assists in aligning the
"average” vertleal axis of the body with the average direction of resultant force vector, while the
vertical dimensions of trees and buildings in visual space serve through visualvestibulur interaction to
lovel the head, muintain clear vision and preserve the constuncy of visual space,

Frequency-Effects and Stott's Utricle-Saccule Rule

The utricle~succule rule, used to explain sickness induced by vertical Hnear acceleration,
appels to the fact that frequencies of linear oscillution that induce sickness are considerably below
those normally encountered In locomotion activity so that for exumple the mean 1 g intensity rule
would be violuted on the high side for ulmost 2 s and then on the low side for almost 2 § in each cycle
of a .25 Hz vertical linear oscillation, This interesting explanation relates to one of the more
perplexing facts of motion sickness that must be dealt with by any comprehensive model of motion
sickness, Motlon sickness Is dependent upon the frequency of motion stimuli, for some and perhaps
all forms of sickness producing motion stimuli,

Data available suggest that 0.2 Hz is maximally provocative (Gulgnard and McCauley 1990,
O'Hunlon and McCauley 1974) and that higher and lower frequencies are less provocative, at given
peak vertical acceleration levels. The fact that frequencies above 0.5 Hz are less provocative fits
neatly with the fact that the utricle and saccule are routinely stimulated at frequencies above 1.0 Hz
during walking and running. However, if frequencies of vertical linear acceleration signiﬁcunty
lower than 0.2 Hz are in fact less provocative, then Stott's interesting 1 g explanation Joesn't hold.
Unfortunately, data on low frequencies of vertical oscillation is weak because low frequencies require
very great linear displacement to reach the icak acceleration magnitudes evaluated at 0.2 Hz,
Magnmitude as well as frequency is important (Lawther and Griffin, [986). Amplitudes required at
very low frequencies exceed amplitudes that can be attained with existing motion devices.

Data from other forms of cyclic stimulation help but do not clear-up this issue. Cyclic stimuli
thut violate Stott's visual-vestibular interaction rule dramatically produce sickness at frequencies of .02
Hz, fur below 0.2 He, but do not produce sickness at a frequency of 2 Hz (Guedry gt al., 1982).




Whether or not cyclic vestibular interference with vision at 0.2 Hz would provoke more sickness is
not known, but here, matching stimulus magnitudes is conceptually difficult. High peak angular
velocities (120°/s) are required to produce visual blurring for hend-fixed targets at 0,02 Hz whereas
low peak velocity (20%/s) pioduces equivalent visual blurring at 2.5 Hz,  With .02 Hz the peak
acceleration was only 7.5 9/s2 whereas with 2,5 Hz the peak acceleration was 314°/s2.  The
investigators chose to match frequencies and peak velocities that induced equivalent degradation of
visual performance,

Indications that flight simulators cFanicularly conducive to simulator sickness have "high
energy” of display motion centering around (.2 Hz are interesting observations that require more data
for unalysis than is available from simulator studies. The Guedry, Benson, Moore (1982)
experiments illustrate the need for analysis. The 0.02 Hz visual-vestibular interaction that induced
sickness required the subjects to visually suppress vestibular nystagmus to obtain visual information
from the head-fixed visual display. The c¢yclic waxing or wuning of the VOR in each stimulus cycle is
associated with a waning t\ndp waxing of difficulty in visual suppression, ranging from a maximum
effort to suppress VOR of nbout ~70%/s in one direction to minimum effort to suppress a VOR of 0%/
and then to maximum effort to suppress a VOR of ~70°%/s In the opposite direction, If cyclic variution
in suppresion effort iy the significant element, then the relevant stimulus frequency was 0.04 Hz,
since suppression effort penked twice in each cyele, whereas if direction of VOR suppression is
relevant then 0,02 Hz was the relevant stimulus frequency.

However if the visun! display used is simple, o set of 3 single digits changing ach second, then
very little sickness oceurs, whereas if the display is more complex, such as a matrix of numbers from
which numbers must be retrieved when coordinates ure given (Gllson gt af,, 1977, Guedry and
Ambler 1973, Moore gt 4l., 1977), then sickness incidence is high, Perhups eyclic variation in
vestibular interference with a pattern of voluntary gaze-control is the provocative attribute of this
motion stimulus. When cyclic VOR is visually suppressed for even 4 short time, a VOR gain
reduction (not attributable to arousal reduction) occurs. Recent neurophysiologlcal data indicate
cercbellar involvement in visual suppression of vestibular nystagmus and cevebellar 'circuitry' in the
adaptive modification of the VOR, Morcover these same cerebellar components uppenr to be critical to
provocition of motion sickness (Brizzee 1990, Crumpton 199(0/b, Wang und Chinn 1956),

Sustained off-vertical rotation is 4 fortn of sustained cyclic otolith stimulation that induces
sickness and here the peak magnitude can be held constant, During whole body rotation about u
rotution uxis thut is tilted relative to gravity, the otolithic membranes should be displaced in something
u[iaprouching un orbital path ubout some central point in the sensory macula. The component of gravity
directed in the mean sheur plane of the otolithic membrane is the effective stimulus. Irrespective of
rotation speed, the direction of this component is continuously changing. Rotation speed determines
the frequency of this cyclie stimulus, 12 rpm being a 0,20 Hz stimulus, With this stimulus form it
appears that about 0.25 Hz is maximally provocative whereas (.10 Hz is not, and higher frequencics,
e.g., .37 Hz, and gbove, are less provocative (Kokix gt gl., 1991, Miller and Graybiel 1973), The
OVR data fuil approximately in line with the vertical oscillation data.

Visual motion stimulation without whole-body movement may be useful in clearing up this
perplexing question as to whether there is o muximally provocative frequency, irrespective of the type
of motion stimulus. Pethups cyclic otolith stimulation, s opposed to cyclic canal stimulation, is
maximally provoeative at (.2 Hz, It is possible with visual stimuli to simulate whole-body motions
that would stimulate the otolith system exclusively, or the semicirculur canals exclusively or the canals
and otoliths simultaneously. Simulated vertical linear oscillation at frequencies less than (.2 Hz could
be generated without the excursion limits that are imposed by devices that actually move the body.
Some interesting information may be generated thut would relate to whether or not there is in facta
common maximally provocative frequency across different forms of motion.

To explain frequency effects, one fooks for something that might be tuned so as to have
maximum gain at the most provocative frequency. The literature on frequency effects doesn't provide
goad rationale for deciding where to look. Referring to Figure 1, do we look in Stage 1,2, or 3?7
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PERCPETUAL-MOTOR ADAPTATION TO UNUSUAL MOTION ENVIRONMENTS

Knowledge has been developed in recent years on mechanisms of ndaﬁtation to motion
conditions that involve consistent mismatch among the orientation sensors (Berthoz and M. Jones,
1985). Human and animal subjects wearing optical devices that reverse, displace, or change the
velocity of visual motion feedback during head and body movements (actively or passively generated)
have been extensiveley investigated. These studies consistently show adaptive changes in the
vestibulo-ocular reflex that serve to optimize stablization of retinal images during head motion, For
example, VOR adjustment to optical right-left reversal requires a stimulus-response phase shift of
almost 180 degrees. A phase-shift approaching 180 degrees developed in about 3 days in human
subjects who wore reversing prisms continuously, even when tests of phase relations were made in
the dark during passive motion (Melvill Jones,1985). Before phase shift was manifest, gain reduction
was prominent.

Subjects living in an enclosed rotating room (Graybiel gt al., 1960) show YOR gain reduction
fairly early (Guedry, 1964). The confusing motion perceptions that accompany each head movement
ina rotatf;g room also diminish. After several hours of rotation exposure the gain of the YOR
induced by head-tilt movements during room rotation is greatly reduced (Guedry gt al., 1964, Guedry
et al., 1962). And for several hours after rotation storped, head movements produced confused
rcrccption. e.g., & roll-right head movement produced pitch-forward motion perception and postural
nstability. After this short cxﬁosure. change in the plane of the VOR was not apparent in electro-
oculographic tracings, After three duys (ot longer) in the rotating room, for several hours after the
room was stopped, a roll-right head movement produced u fow beuts o' YVOR nystagmus ug{)ro;irlute
in direction for pitch forward perception of heud and body movement (Guedry and Grayblel 1962,
Guedry 1965), The effect that was perceptually evident after short exposure (2 hours), became
evident in the VOR after longer exposure, A 90 degree change In plane of the YOR in response (o
voluntary headmovement can be seen for several hours after leaving the rotution room, when the
exposure is of sufficient duration. The sequence of udaptive VOR changss in the opticul reversal
studies and the rotating room studies is first gain reduction and second "recoding" thut shifty the phase
or the plane of the VOR appropriately for the exceptionul environment. The fuct that only VOR gain
reduction was reported rotation in the rotating room studies is due to the fact that in the
enclosed rotating room, the only VOR component that needed to be suppressed duting x-uxis roll was
the y-uxis com?onent; the x-uxis component was still needed during head roll movements in the
rotating room, [n other words, visual requirements for change did not demand a VOR change in the

lane of the head-movement; rather visual requirements for chunge demunded suppression of the YOR
n a plane 90 degree displaced from the heud movement plane. Also in the adjustiment sequence
reveuled by the post-rocation results, the perceptual plane was chunged substantially before the VOR
plane chunge was evident, at least with the meusurement available at that time. The spatial orientation
perceptual model may change before the control strategy Initiates recoding of the VOR.

Along with adaptive changes in the resctions (VOR and perceptual) induced by heud
movements in these motion environments, changes in motion sickness symptoms also occur. Early In
motion exposure, symptoms begin to appeur and then increase (at different rates in different subjects)
and with continuing exposure, symptoms diminish (again at differcnt rates in different subjects).
Thus it is reasonable to believe that initiating perceptual-motor adjustment induces motion sickness
and that achievement of perceptual-motor adjustment serves to prevent motion sickness in the novel
motion environment,

While changes in the sensorimotor, perceptual and sickness reactions parallel one another,
they probably do not follow exactly the sume course. Metrics to characterize each of these reactions
lead to comparative uncertainty. Consider that VOR gain change did not proceed at the same rate as
'recoding changes' in the rotating room studies or in the optical left-right reversal studies and recovery
rates occur in reverse order; recoding recovers faster thun gain,

Individual reactions during the course of adaptation reveal individual differences in adaptive
strategy. In a rotating room, one subject in the course of 4 series of prescribed head movements may
stop, vomit and then continue on with head movements as though nothing exceptional had happcncd.
Recovery is rapid. Just before emesis, the VOR often becomes disorganized and "unscorable” but it
may return after emesis, Another subject, who may "tolerate” the head movement sequence much
longer before emesis, finally vomits but is unable to continue for a long time, Recovery is slow.
Some subjects try to resist emesis more than others, some recover faster than others and :Kcsc are 4
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few of many differences between people that complicate efforts to model the mechanisms of motion
sickness,

NEUROPHYSIOLOGICAL MECHANISMS OF PERCPETUAL MOTOR
ADJUSTMENT

Most research aimed ut evaluating the neurophysiological mechanisms of aduptive adjustment
1o unusual motion has focused on motion conditions that yield "neural mismatch" but yery consistent
neural mismateh. Optical distortion of visual feedback always yields the same visual-vestibular
mismatch for particular head movements, Pitch or roll head movements from upright posture in a
rotating room always yield the sume canal/otolith mismatch irrespective of heuding in the room
(Guedry, 1965/b). Many recent studics have been described in Berthoz and Melvill Jones (1985) and
a convenient succinet summary is provided by Stott (199%)),

The Murr-Albus model of cerebetlar function suggests that the
cerebellum learns to performi motor skills both for voluntary
movements and for reflex maintenance of posture and bulunce.
Essentinl to this leurning capacity are the climbing fiber inputs from the
inferior olive. The model proposes that the synaptic connections of
parallel fibers to Purkinje cells re modifiable in their transmission
efficiency und that this modification 18 brought about by conjunctive
activation of u parallel fiber and a climbing fiber converging on the
sume Purkinje cell. This mechanism has received experimental
confirmation in a series of experiments by Ito (reviewed in Ito) which
substantiate the concept that the climbing fiber inputs constitute the
instruction signals that reorganize the relationship between mossy fiber
inputs and Purkinje cell output.

Purkinje cell uxons project to oculomotoer control areus within the
vestibulur nuclel, Whether the plasticlty within the cercbellum provides
the sole busis for gain medulation of the vestibulu-ocular reflex is not
certain, Miles and Lisberger, from studies in the monkey, argue for the
guin modifinble elements to be located in the brain stem,

The ability in experimental studies to control visual and vestibular
motion stimuli and to make precise measurements of eye movement
responses are important factors that have made the study of vestibulo-
ocular mechanisims such a profitable area of rescarch. ‘The multiplicity
and variability of the physiologicul correlutes of motion sickness render
the underlying neural mechanisms of this response more difficult to
elucidate, Nonetheless, it seems likely that neurophysiological
mechanisms similar 1o those involved in vestibulo-ocular guin plasticity
are involved in adaption to nausco-genic stimuli, The further
elucidation of the mechanisms that enable recognition of spatial sensory
patterns and bring about adaptive changes within this system may in
turn yield principles that underlie the higher mentul capacities of
leurning and memory.

As stated by Berthoz and Melville jones, ", the adaptive phenomenon
rather than being a mere curiosity of brain function ... constitutes a
fundamental property of the nervous system, responsible for active
matching both between related sub-systems within the CNS and
bcml/gc:p them and their daily encounter with the external physical
world.

A CONCEPTUAL MODEL

Characteristics of VOR alteration may provide clues to vestibular sensorimotor changes
relevant to motion-sickness modelling, VOR gain reduction occurs naturally in darkness during any
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passive sustained oscillation or repeated step function or any other repeated velocity waveform
(Collins 1963/1964, Collins and Guedry 1962). VOR gain can be immediately reinstated by any of a
variety of alerting tasks and can be manipulated, up or down, by imagined visual reference (Baloh
1984, Barr gtal., 1976, Melvill Jones et al., 1984, Jell gt al., 1988), but without manipulation, VOR
diminishes. This everpresent tendency toward VOR gain reduction during passive stimulation may
signify an early and ever-ready level of udaptive change that provides some defense against motion
sickness in more variable (and perhaps less stressful) motion conditions thun are encountered in
rotating rooms or while wearing right-left reversing spectacles, variable conditions in which adaptive
reartangement of sensorimotor response would not be functionally appropriate.

ASSUMPTIONS

From this gain reduction propensity and the early gain reduction in the vision reversal and
rotating room studies, we propose that gain reduction is an early adaptive chunge to sustained unusual
motion that may be significant in highiy varluble miotion environments, Following are additional
ussumptions underlying our conceptual model;

From the presence of optokinetic nystagmus, optokinetic ufter-nysiagmus, arthrokinetic
nystugmus (Brandt gt dl., 1977) and evidence tor arthrokinetic after-nystagmus (Guedry and Benson
1983), we propose that the standurd operating gain of the VOR is less thun 1.0 during voluntary active
motion which {s the ruison d'etre for the VOR. Voluntary initiation of motion increnses VOR gain
briefly, Then un optokinetic component, u lesser arthrokinetic component and possibly a weik
audiokinetic component contribute to a gain of 1.0 for the overall response in sustained voluntary
motion. This theoretical perspective concerning the brain's standard (desired) VOR gain may be
important (if true) in motion sickness, 1n short, the vestibular preferred operating gain iy less than 1.0
and how much gain is contributed by the other sources of ﬁuin augmentation may depend upon
preprogrammed feed-forwurd inessuges related to movement objectives. From this perspective OKN,
AKN, OKAN and AKAN are manifestations of processes whose presence is meant to achieve gain in
the kinds of motions involved in natural voluntary movement, Responses generited by sustained off-
vertical rotution or sustained active body turning by the limbs are manifestations of auxillar
contributions to VOR gain in natural movement. The walk-in-place nystagmus of Bles, etal. (1984,
1979), may play a role in gaze stabilization during sustuined ambulatory turns in circulur paths,

From the absence of awareness of vestibular sensation in natural voluntary movement, we
infer thut optimal adjustment to novel molion environments provides control of motion in which there
is minimal awareness of vestibular sensations,

Bused on the belief that control of whole-body motion has been critical to survival of species
and the fact that unexpected motions generate alarm reactlons very early in life (Smith and Smith
1962, Guedry and Correin 1978) we assume that a demund (or drive) to maintain control of whole-
body motion is present in passive as well as active motion conditions,

Finally we assume that during initial exposure to a novel motion environment, 4 spatial model
of the motion environment forms. To permit optimul overall commerce with the envitonment, control
of motion must proceed toward automaticity wherein the task of motion control is not a distraction,
During either voluntary movement in a novel environment or passive exposure to novel motion,
motion control objectives and strategies are part of the adaptive process. These are fundumental
assumptions underlying the conceptual model illustrated in Figure 6.

In motion environments, it is important to distinguish between 1) voluntary motion relative to
a1 motion flatform that is moving (or perceived to be moving [visual vection]) relative to the earth, 2)
motion relative to the earth by voluntary control of a motion platform that is moving or perceived to be
moving (simulation) relative to the eurth, and 3) complately passive whole-body motion with the head
and body fixed to a moving motion platform, The different situations involve different relations
between intention to move and motion experienced. However, herein we assume the presence of a
constant internal demand to maintain effective control of orientation-change relative to the earth,
irrespective of motion conditions. Thus, a detected mismatch in any motion environmeat begets
arousal and corrective actions.

The first stage in the model comprises the motion stimulus which elicits immediate perceptual-
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motor reactions which are compared with preprogrammed sets of perceptual-motor paradignis that in
turn depend upon the spatial model, motion control objectives, and previous experience. Even during
completely pussive motion stimulation postural and motion control objectives are in operation due to
the imperative to maintain control of control of bocly posture and motion relative to the earth. Figure 6
presents this conceptual model.
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Figure 6. Conceptual Model of the mechanisms of adaptation to unusual motion and of the
relationship of adapdon to the onset of sickness,

When match is detected, the preprogrammed perceptunl-motor (PM) paradigms are reinforeed,
the stors remains the same, and the selection rate of appropriate sets of Perceptunl-motor puradigms is
improved, The spatial model and control objectives determine which paradigm sets are in immediate
access for comparison, When mismateh is detected, arousal mechanisms operate through the spatial
model und control strategy, calling for response change flrst through gain-control and then if
necessary through gain-control coupled with sensory-motor recoding., Mismateh begins to alter the
spatial model so that new sets of |'1erccptuul-motor sequences can be stored for comparison with
subsequent reactions, But mismateh engenders arousa! and continued arousnl commences the build-
up of the neurochemicul link to the sickness syndrome. As the matches improve, the model und
neurul store develop permitting more rapid selection of preprogrammed perceptual-motor engrums that
enable the antomaticity required for efficient control of motion without arousal, As long us mistatch
induces arousal, the neurochemical build-up for sickness-onset continues; big arousal contr{buting to
faster sickness onset,

Adaptation Through Gain Control

The literature on aduptation to consistent mismutches induced optically or n rotating rooms
provides examples of motion conditions in which recoding of sensory motor responses serves to
repair highly consistent mismatch,  Maost of the cffort to clucidate underlying physiological
mechanisms is centered on optically induced neursl nusmatches. Our emphisis on gain change was
partially due to our perception that different mechanisms may be involved in adaptation to novel
motions that are not completely consistent in the neural mismatches they generate, Now we must
l,}rovi?)c some examples of situations in which gain control would appear (intuitively) appropriate for
the job.

Ship motions are fairly variable despite the natural frequencies of the roll and pitch of the ship
and they certainly induce seasickness. Individuals moving about on ships increase tLu complexities
und variability of the motions they experience. When on deck there is some motion-control advantage
for stabilizing the eyes relative to the earth, considering the horizon, distant ships and even slow
moving clouds. As indicated earlier, the vestibular system stabilizes the eyes relative to the earth
automaticatly with some optokinetic and arthrokinetic assistance, in a normal environment. On deck,
high VOR guin is needed but arthrokinetic gain for oculomotor control may need some reduction
because the leg, amm and trunk motions are appropriate for the ship's deck but not for the horizontal
plane of the earth, Even the ambient visual information is playing tricks because some very large
visual fields (the deck and superstructures of the ship) are moving and tilting relative to the earth's
horizon but are the relevant visual frames of reference for control of motion of the body. Laboratory
visual/ vestibular interaction studies suggest thai earth-reference motion cues in ambient vision will
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. improve focal vision for shipboard objects when in accord with vestibular information; discord yields
degradation of focal vision (Guedry gt al., 1979). When the individual enters the ship's
compartmeits, it would be nice for VOR gain to go down while optokinetic gain goes p; VOR effort
1o stabilize visioil relative to the earth is not helpful inside a ship's compartment. Adjustment of the
various contributors to oculomotor gain appears (intuitively) advantageous for at least part of the

\ adaptation to some forms of complex motions. Similarly, vestibulomotor adjustment considering the
limbs, neck and torso must require gain adjustment as well as directional adjustment. That gain

control can be highly adaptive is nicely illustruted by a recent study in which, through adaptive

‘ conditioning, gain was increased or decreased, depending upon whether subjects gazed upward or
downward (Shelhamer et al., 1991).

Expressed in terms of the conceptual model, adaptation to ship motion would involve
developraent of a spatial model that when coupled with the immediate control objectives and strategy
would permit quick selection of perceptual-motor paradigms including relative gains for VOR, OKN
and AKN for the interior of the ship. Vestibular sensing of pitch and roll of the ship would be
necessary for automaticity of limb and trunk control--some recoding of directional function would
accompany dynamic changes in gain control.

DEVELOPMENTAL STRUCTURING OF ADAPTIVE CAPACITY

According to the model, past experience with interaction among motion sensors during whole-
body motion plays a role in the state of adaptation to those interactions and hence intluences whether
or not particular interactions engender sickness, With this in mind, it is appropriatc to consider the
range of ¢xperience that occurs in everyday life with varied interactions between a) the semicircular
canals and the otolithic sensors, b) visual and vestibular sensors and ¢) the vestibular and
proprioceptor sensors. We include vestibular sensors in each of the interactions becuuse of the central
role in motion sickness of the vestibular system,

The coupling between semicircular canals and otolithic sensors remains very tight throughout
life. Any particular voluntary head motion initiated from any particular position relative to gravity
always generates the same combination of stimuli to these two different sensors. A particular head-
motion relative to the body can produce different canal/otolith interactions depending upon the state of
whole-body motion relative to the eurth but 4 particular head motion relative to the earth always
generates the same combination of semicircular canal and otolith stimuli,

Here we might ask how the coupling of canal/otolith interaction for particular motions of the
head relaiive to the earth could ever be altered in the course of development. One mechanism is
vestibular dysfunction. Vestibular dysfunction, for whatever reason, could yield unaccustomed
sensory patterns, Sustained or repeated dysfunction could increase the range of experience with
sensory-neurgl mismatches.

Another curious source in the deve!~pment of man lies in early childhood experiences. The
sustained ambulatory turning that moct children gnjoy generates a semicircular canal signal that
produces the Purkinje effect when the head is tilted, an effect that is disturbing later in life. This
childhood activity repeatedly induces incoordination that eventually ends with a fall, which the child
finds amusing. Functiona! value of such activity is a matter of speculation, Is the child increasing the
range of adaptive processes that will serve him later in life, should vestibular dysfunction arise?
Certainly reinstatement of ability to control whole-body motion has survival value, if vestibular
dysfunction should arise in later life. The passive motion experienced before birth and the vigorous
tossing und turning that is generated by parents may also be relevant,

In contrast to the iight otolith/canal coupling in the course of natural life are the more varied
combinaiions of interactions between the vestibular and visual systems and between the vestibular and
proprioceptor systems. Coupling between visual and vestibular systems is varied in everyday life.
Particular head movements ielative 1o the earth can be generated with eyes open or closed. The eyes
may be fixed on a point in space as the head moves so that retinal irmages of the surround is retinally
stabilized, or the eyes may pursue a moving target during head movement so that the target image is
fixed on the retina but background images move on the retina. During linear or slightly curvilinear
head motion, tae direction of retinal image sweep depends upon direction of gaze; fixation of far A
targets prodices high speed swuep of near objects. In modern man, optical lenses demand visual- Ry
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vestibular adjustments, Everyday life demands central processes that handle a variety of visual-
vestibular interactions, suggesting availabilty of CNS processes for handling varying combinations of
visual-vestibular interaction, This may facilitate adaptation to visual-vestibular mismatches when they
are imposed in modern transportation systems, Alteration of VOR gain begins in a matter of minutes,
even during passive motion.

Similarly the coupling between vestibular and somatosensory inputs from weightbearing
surfaces and from muscles and joints is variable in everyday life. The sume forward pitch trunk
movement can be made with the head turned to the right, left, up or down relative to the body,
Turning movements about a body axis or in a circular path can generate sirnilar vestibular messages
produced by very different body movements. During walking, head and neck and vestibular systems
are involved in gaze stabilization and their roles change for near and far targets (Reschke et al,, 1991).

From this perspective we speculate that visual-vestibular mismatches can be very disturbing
but that aduptive change should be relatively fast, Vestibular-proprioceptive mismatches can be
disturbing but perceptual-motor adjustment to mismatch may also be relatively fast. This is a
neglected area of study. Finally, intra-lubyrinthine mismatches are more provocative and disturbing
than the others and perhaps most resistant to perceptual-motor adaptive resolution of mismatch,

THE NEUROCHEMICAL LINK

Neural mismatch, recognized somehow somewhere, initiates the onset of sickness. A
hypothetical sequence is a chemical agent which enters the cerebrospinal fluid in the third ventricle
(Crampton 1990, Crampton und Daunton 1983), is tranpsorted to the fourth ventricle where it reacts
with a chemically receptive zone in the Area Postremu (Brizzee and Neal 1954, Wang and Chinn
1954) on the surtace of the floor of the fourth ventricle. This reaction triggers a new'%y vomiting
center (Wang and Borison 1950), This sequence has recently been challenged (ablation of the Area
Postrema did not prevent vomiting (Borison 1986, Wilpizeski 1986) and a discrete vomiting center
(Miller 1988, Miller and Wilson 1983) riuy not exist), but some kind of neurochemical link near these
centers is likely (Brizzee, 1990).

In considering this link, we must account for the fact that sickness onset may be very sudden
(emesis occurs in some individuals after 1 or 2 cross-coupled stimuli-- within say 30 seconds--and
nausea onset can be alniost immediate) or sickness may be very gradual in onset requiring several
hours for build-vp with some forms of stimulation (Homich gt al., 1984). Anulogy to titration
procedures in a quantitative chemical analysis seems appropriate--the chemical endpoint is approuched
very gradually and slowly with very small droplets but the endpoint cian be overshot with one big
drop. Recovery may be very fast or very slow. An aliernative to the titration analogy, expressed as
the model (Oman, 1990) illustrated in Figure 7, preposes paratlel slow and fast pathways to nccount
for extremes in onset rates.

The fast and slow dynarric elements in the model may relate either to "orientation-emetic
linkage mechanisms or the dynamic properties of the emetic centers themselves.," Oman suggests that
extremely fast nuusea and vomiting is neurally mediated, whereas slower onset dynamics is
suggestive of humoral mediation. He suggests physiological mechantsms that might be involved:

The dynamic operators may approximate the action of some humoral
diffusion or active transport process, or could be the intrinsic dynamics
exhibited by u network of vemiting center neurons to direct neural or
humoral conflict signal stimulation, For example, vestibulur zonflict
ncurons might work in synergistic pairs, somewhat as vestibular
afferent neurons do, and project to neurons (perhaps in area postrema,
AP) associated with nauses perception and vomiting. If the synapses
were excitatory and had the character that a burst of conflict neuron
activity produced a prolonged (e.g., 1 min) depolarizution, "leaky
integrator” dynamics would result. Carpenter et al. (1990) have
described a class of AP neurons that respond qualitatively in this
fashion to a variety of directly upplied neurotransmitter agents. They
attribute the long lasting depolarization of these neurons to a second
messenger mechanism. Slow path dynamics might be associated with a
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potentiation of the fast path synaptic pathway by a third agent
circulating from the hypothalamus - pituitary or diffusing through the
ventricles, This slow path is presumably characterized by mnuch slower
response times. (Oman, 1990 p 300)

On the 'output side,’ ie mechanism for fast emesis is in place, Vomiting is 4 complex reflex
that in surgery can be immediately elicited by pulling the gut or by lightly scraping the surface of the
floor of the fourth ventricle near the Areu Posrema, However physical taction on the gut seems
unlikely to be part of the natural eliciting mechanism (Wang and Chinn 1956b).

Considering now the initiation of the linking process, is it the recognition of neural mismaich
or the beginning of the sensorimotor adaptation process that triggers the sequence of evems that
culminate 1n nausea and vomiting? Triesman (1977) proposed that toxins induce neural mismatch
among motion sensors and that vomiting provoked by neural mismatch serves to protect species.
Morec ver, the unpleasant experience associated with the source of the toxin would provide beneficial
avoidance conditioning. Thus motion sickness is a biological accident attributable to the fuct that
lluglg%l;al motions generate neural mismatches that simulate mismatches that toxins generate (¢f Money

Money (Money and Chenng, 1983, Money 1990) provided inferential support for this idva
when they found that labyrinthectomy in dogs reduced emesis from several toxins. Based on this
idea, it is detection of neural mismatch in the motion control system and not the beginning of the
adaptation process that triggers the onset of the motion sickness syndrome.

Fast Path
+ A singie conflict stimulus produces
instaneous nausea.

might be heurally mediated

naural nauseq
mismatch maghilude
slgnal esiimate
sengory - + e
contllet GConflict tast pitth | eyl -
signals Wel%Tt\ng (> o) [ l j
Ractiflention i SN
‘— thrcghold
sloirpmh + powor law
*1(s 10 min) =P
other smutic
Slaw path: inputs, eg:
+ Seta overall nausea thresheld Gl vagel alforence

& galn of fast pat
+ Slow dynamics sugges: humoral mediation

Figure 7. (Slcggg;mic diagram of model for dynamics of nausea symptoms, Adapted from Oman

Onset of sickness may be slow because of a slow passive process or in some situations
individuals may actively ‘'titrate' exposure. For example, in earth orbit or in rotating rooms, the
individual may restrict head und body movements that are the sickness-inducing stimuli. In such
situations, adaptation may develop at a rate sufficient to prevent the onset of serious symptoms of
motion sickness. In studies of exposure to continuing passive motion, emesis incidence levels
(Guignard and McCauley, 1990) for passive vertical oscrllation reached 80% for the provocative
frequencies around 0.2 Hz in about 2 hours and only about 30% for a higher frequency. Some
individuals who did not reach emesis in this study undoubtedly experienced nausea, nevertheless
!cggt!:jy elxposure to some motions is required before awarencss of symptoms occurs in many
individuals,

THE MOTION SICKNESS SYNDROME

The motion sickness syndrome consists of autonomic nervous system reactions associated
with motion stress, somatic nervous system reactions involved in emesis and a range of complex
mental reactions including fatigue, drowsiness, poor motivation for work, and depression.

!
!
!
)
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AUTONOMIC-STRESS REACTIONS

It is hard to imagine any perceptual-motor function more crucial to survival of the species than
the control of body orieniation and motion relative to the earth. From this perspective, any threat to
this function must elicit alarm reactions, The perceptual-motor mismatches involved in initiating
motion sickness are signals of threat to the control of motion relative to the earth. However, the
magnitude of the stress would be related to the spatial model of the motion environment and the
control objective, Stiess and control strategies would differ between a disoriented pilot suddenly
perceiving imminent impact with the earth and a ship's passenger whose perceptual-motor mismatches
are detected but not perceived as threats to survival--except perhaps subconsciously.

"The gencral neuroendocrine response to stressful motion and sengory-rearrangements include
clevated levels of adrenocorticotropin (ACTH) cortisol, prolactin, growth hormone, antidiuretic
hormone or vasopressin (ADH or AVP, respectively), thyroid hormone, epinephrine, and
norepinephrine” (Harm 1990, p158). However, individuals considered susceptible to motion
sickness do not necessarily manifest greater autonomic activity than individuals more resisiant to
motion sickness. From a review of findings, Harm (1990 p165) found support for the idea that
sympathetic nervous system activation provides some protection against motion sickness and that
s%ifts in the balance of sympathetic and parasympathetic function underlies motion sickness
symptomatology.

EMESIS AND THE SOMATIC NERVOUS SYSTEM

Nausea with its visceral concomittants and the somatic act of vomiting are distinct functions of
the emetic control mechanism, (Borison, 1936 p4). Vomiting is usually preceded by nausea from
autonomic actions but can occur without naused, Curious characteristics of motion sickness are 1) the
quick relief from nausea that emesis often brings as though whatever the neurophysiological
sccumulative process thut accounts for feeling sick were suduenly set back to a 'better' state and; 2)
the very slow recovery that may occur fullowing brief exposure to a highly provocative stimulus.
Nausen, stomach uneasiness, fatigue, headache, and drowsiness may persist for 12 or more hours
following 60 seconds off-verticul rotation at 15 rpm, or following 2 head movements while rotating.

Rapid relief may partially be attributable to the fact that many of the autonomic concomittants
of nausea such as salivation, gastric staais, raspiratory and heart rate changes ure also part of the
organized reflexive chain of events that comprises the soraatic act of vomiting, The reflexive demand
by the somatic vomiiting sequence for change in ihese physiological concomittants of autonomically
generated nausea miay account for the sudden chenge in perceived well-being afier vomiting. A
sequential model (Davis et ul., 1986 p73) as opposed to a "parallel” activation model has been
proposed to explain the effector sequence that makes up the all or nothing vomiting mechanism--
mouth opening, sulivation, gastric relaxation, respiratory contvol, abdoninal muscle
contraction...controlled by the somatir: nervous system.

Idcas relating vomiting to survival of the species center on levels of defense ugainst toxins,
Specific smells and tastes assoclnted with nausen produce aversion and an initigl level of defense, 1t is
hypothesized that the first levels of defense are so effective in the rat that the rat has survived through
avoidance of toxins even though the rat ¢ innot vomit.

In considering changes in the physiological measures associuted with motion sivkness it is
necessary to keep in mind not only that the -~miting sequence and the autonomic aspects are distinct
functions of the emetic control mechanism but also the fact that changes in orientation end states of
motion produce changes in respiration und heart rate associated with changes in energy demands of
the body. The vestibular system is an efficient detector of these demands during natural movement,
The paramedian reticular fortnation appears to be a site for the integration of cardiovascular and
vestibular signals (Yates and Yamagata 1990). Vestibular function is appurently important in
adjusting heart rate during Hyper-Gz exposure (Matsunami and Satake 1991). Frequent and sustained
exercise, i.e, high levels of aerobic fitness, seems to Increase susceptibility to motion sickness (Banta
et al., 1987, Cheung ¢t al,, 1990) possibly related to ncuro-cﬁcmical change: associated with
exceptional exercise regimens.
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Does willingness to vomit play & purt in the magnitude of symptoms expetienced in motion
sickness? While the act of vomiting is reflexive and not under voluntary control, willingness to vomit
plays a role in how different individuals n%just to unusual motion environments. Possibly quickness
to vornit and hence feel better is partially idiosyncratic. Individuals who rcflcxivclg; vomit with little
effort and with little disruption of performance may be willing to vomit whereas those whose act of
vomiting is a major event are less willing,. Whatever the cause, willingness to vomit plays a role in the
strutegies individuals adopt in adjusting to a motion environment, Here we refer to strategies that are
more on an intellectual level than the partially subconscious strategies that bring on the gerccptual-
motor adjustment in our conceptual model. Individuals in rotating rooms or in orbital flight can elect
to avoid hsad movements that are not absolutely necessary, maintaining a sustained malaise that may
never result in vomiting, Others may opt for a more active approach that may result in more emesis
but perhaps more rapid adaptation.

COMPLEX SIGNS AND SYMPTOMS OF MOTION SICKNESS

The range of signs and symptoms that comprise the motion sickness syndrome, as described
by Benson (1988/b), is presented here along with Figure 8, which depicts the neurophysiology of
motion sickness.

The cardinal sym{)tom of motlon sickness is nausea; the cardinal signs
are vomiting, pallor and sweating, Other responses are frequently
reported, but in generul these occur more variably. Typically, the
development of motion sickness follows an orderly sequence, the time
scale heinF determined primarily by the imensil7y of the stimulus and the
susceptibility of the individual (Money 1970, Reason and Brand,
1975). The earliest symptom is, commonly, *he unfumiliar sensation of
epigastric discomfort, best described as 'stomach awareness'. Should
the provocative motion continue, well-being vsually deteriorates quite
uickly with the appearance of nausea of increasing severity.
ncomitantly, circumoral or fucial pallor may be observed, and the
individual begins to sweat; this cold sweat is usually confined to those
areas of skin where thermal sweating rather than emotive sweating
occurs. With the rapid exucerbation of symptoms, the so-called
‘avalanche phenomenon', there muy be increased salivation, feclings of
bodily warmth, a lightness of the head and, not infrequently, quite
severe depression and apathy. By this stage, vomiting is not usually
long delayed, though there are some indlviduals who remain severely
nauteated for lon? feriods and do not obtain the relief, albeit transitory,
that many report following emesis.

If exposure to the motion continues nausea typically increases in
intensity and culminates in vomiting or retching,  In the more
susceptible individual this cyclical pattern, witt ./axing and waning
symptoms and recurrent vomiting, may lust for several days. Those so
afflicted urc commonly severely anorexic, depressed and apathetic,
incapapable of carrying out allotted duties, or caring for the sufety of
themselves or others. Their disability is also compounded by
dehydration and disturbances of electrolyte balance brought about by
the repeated vomiting, Apart from the characteristic features of motion
sicknass--pallor, sweating, nausea and vomiting--other signs and
symptoms are frequently though more variably reported. In the early
stages, increased salivation, belching and flatulence are commonl
associated with the development of nausea. Hyperventilation is
occasionally observed, while an ulteration of resplratory rhythm by
sighing and yawning not infrequently precedes the 'avalanche
phenomenon'. Headache is another variable prodromal symptom,
usually frontal in distribution, though complaints of tightness around
the forehead or of a ‘buzzing in the head' are not uncommon,

Drowsiness is an important, yet often ignored, symptom commonly
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associated with exposure to unfamiliar motlon, even if not necessarily
an integral part of the motion sickness syndrome. Typically, feelings
of lethargy and somnolence persist for many hours after withdrawal of
the provocative motion stimulus and nausea hus abuted. However, in
certain circumstances a desire to sleep may be the only symptom
evoked by exposure to motion, especially when the intensity of the
stimulus is such that adaptation occurs without significant malaise
(Graybiet and Knepton, 1976). The soporific effect of a repetitive
motion stimulus on infants has long been recognized. It may be that the
drowsiness observed in the adult when exposed to appropriate motion
is a manifestation of the sume mechanism, though it must be
acknowledged that the soninolence in an individual who has suffered
overt motion sickness is frequently of abnormal intensity and
persistence. (Benson p.319)
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Figure 8.  Neural structures in motion sickness, CTZ = Chemoreceptive trigger zone, (From
Benson 1988b)

MOTION SICKNESS AND SPATIAL DISORIENTATION

The combination of sensorimotor systems involved in muintenance of spatial oricntution
uwareness and the systems involved in bringing sbout the onset of motion sickness are the sume.
Motion sickness may increase the probability of fuilure to maintain adequate crientation awareness as 4
result of the distraction of coping with emesis or the depression and malaise associated with motion
sickness, Enthusinsm and confidence of the student pilot in learning to control acrobatic muaneuvers
can be seriously degraded by the drowsiness, malaise and discouragement that are part of the motion
sickness syndrome, If these symptoms are not accompanied by vomiting, the student and instructor
alike may not apprecinte that the siudent's 'poor attitude’ is due to airsickness,

Many flight environments and especially aerobatics generate many mismutches that cloud the
perception of the maneuver and that also tend to induce motion sickness, Trainees adjust to these
mismutches and in so doing overcome airsickness, Indeed the motion perceptions of actual flight are
4o much a part of controlled flight that the experienced pilot disturbed and mude sick by flying
simuluted maneuvers in o flight simulator. His perceptual-motor store for control of motion in the
aircraft is violated by the feedback from his control actions In the sunulater, The beginning flight
student, without comparuble stored perceptual-motor patterns, is undisturbed by flying the simulator
(Guedry 1988, Kennedy ¢t al., 1990, NRC conference 1990), From this perspective, motion
sickness und spatin! orientation reactions of pilots are related.
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Muny flight situations that induce pilot disorientation involve stimuli that are minimally
nauseogenic. A pilot in formation flight and keeping station on a companion aircraft may be in a
coordinated bank-and-turn but believe the aircraft to be in lével flight. The turn sensation from the
semicircular canals is absent because time since commencement of turn has allowed the cupula to
recover to its null position and alignment of the resultant force vector with the 'vertical' axis of the
aircraft elicits a zero-roll signul from the otolithic receptors, Thus the pilot can be dangerously
disoriented but unaware of his disorientation and also undisturbed by nauseogenic sensory
mismatches, In fact this is referred to as Type I disorientation (Benson 1988/a) which is responsible
in the fixed-wing military aviation communities for a greater loss of aircraft and pilots than
disorientation types in which pilots are aware of disorientation.

Type 1 disorientation, in which the pilot becomes aware of his disorientation, may involve
mismatched and nauseogenic sensory input. Type [T disorientation accounts for a higher incidence of
aircraft und pilot losses in rotary wing aircraft than does Type 1 (Vyrawy-Jones, 1988), However,
incidence of airsickness is lower in rotary wing than in fix win% communities. The frequency of
occurrence of nauseogenic stimuli plays a role in the probubility of sickness and pilots would
obviously avoid repetitive Type 11 disorientation,

While the physiological mechanisms of spatial disorientation have a commonulity with those of

airsickness, practical solutions for the two problems and even research into those solutions involve
divergent approuches.
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PHYSICAL CHARACTERISTICS OF STIMULI PROVOKING
MOTION SICKNESS

Michael J. Geiffin
Human Facfors Research Unit
Institute of Scund and Vibration Research
University of Southampton
Southampton, S09 5NH
England

SUMMARY

Tne physical characteristics of moti n stimull resyponsible for
motion sickness are reviewed Iln two parts, The provocative stimuli are
categorised and thelr nauseogenic propertles discussgsed qualitatively'
in terms of the sensory conflict theory of mwmotion sickness.
Quantitative informatlon available from uwperimental studies with
specitic types of motion is then summarided, The motions of the hody
considered in this review include translatlonal ogcillatlon, swing
motions, cotatlon about a veitical axis, rotatlon about an off-vertical
axis, vrotational oscillation and cross-coupled (l.2. Corlolls)
stimulation. Condltions producing visually-inducsd molion sickness ate
also summarised,

1. INTRODUCTION

Motion sickness ls studied primarlly because of Lhe problems LU canses tu people
travelling in a wide variety of environments (see Table l). The motlons agsociated with
sickness in the various environments are different and often comples and so LU 1y not
immediately apparent which motions are primarily respongible for sickness, Pew uludios
conducted in real environments have made useful measurements of koth the mution and Lhe
conseyguent sickness so as to estal.lish cause -eftcct relatlionships,

Table 1 Some examples of environments, actlivitles and devices which can ¢cause aymptang
of motion sicknesy (from Griffin, 1990),

Boats Camel videy

Ships Elephont rides

Submarines

Hydrofoils Siaulators

Hovercraft

Swimming Falrground devices

Piged-wing aircraft Cinerama

Hellcopters Tavert ing/distart fag apoct acles
Spacvcraftt Micrefiche readors

Cars Rotal fon dabonl oft=vert jcal axis \
Coachoes Cortolis ot melat jon

Buseya Low~[reguency Lranslal tonal
Tiaing vacillat fon
lanks

Experimental studies have slown that reratively stnplo not long can cause sickness in
lavoratory conditiong, These motions have been used Vo study physiologi-al  and
paychologsical rorrelates witn individual susceptibility to motion sickness. They have also
heen uged Lo test allurnative anti-motion sickness drugs,  Some [aboratory investiogot fona
have quantiflied a relation between the type of motion erpegure and the consequent mot jon
sichnesy,

tvidence of the causdn of motion slckness comes from laboratery expevimental.ion, ticlkd
sludy, analysis nf theoretical models and phllosophical congideratiors, In the {ollowing
‘ections the discussion Ly restricted Lo data from labkrdiory studies,

1.1 The caumes of motion sickness

When sutfeting from mot {on gickness there iy a tengency tor people to attribute thein
condition Lo factors other than the motion, Food, Lemperature, amells, clothing and many
other non-motion factors are blamed [er causlng sicknesg. Mot bon slcknese in others s
casily attributed Lo gome psychological weaknesas,

The mot fon stimull responslble for sickness cannot be eas!ly {dentified by an exposed
person, In transpart environments there ia motion In many directions and Lhe traveller is
'nable to attribute the sickness o motion in any one direction. Soma very ygentle
movement s are capable of producing sickness - to succumb to thelr Influnence may seem a sign
of weakne: For some envirunments, sclentific study has yet to ldentify the motion
principally responsibile for sicknheys,

]
1
{
i
;
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The looge velationships established botween motion and marion sickness allow the falage
identification of curea. 'There are many unproven remedies offered for motlon sickneas,

1.2 Signs and Symptoms of Motion Sickness

A consldaratlon of the physical stimull causing motion sickneass also Involves a
congiderat lon of means of quantifying the effects, Vomitinag ia the most obvious aignh of
mot ion sickness but It {s not the only effect: vomiting may b neither the most sensirive
nor the most important consequence of motion slckness, Wherae the tncldence of motion
nickness i3 low, the recording of some leas dramatlc effect which mav be present in greater
quantity will be a more sensltlive indicator. The varlous oigns and symptoms of motlon
si~knerss may differ in theit dependence on the characteristics of motion and other !factors,
However, otudies at sea reported by Kanda et al {1977) and Lawther and Griffin (1987
auggest mild and moderate symptons of sickness may be predlcted fiom the relation between
vomlting incidence and ship motion magnitude,

Investligators of motion sickness have often chosen to usa rating scales which glve
gome welght to effects other than vomiting. Terms such as ’nausea’ and ’sickness’ have
ditferent meanings In different studies so it ls attrachlve to standardise on the ratling
scale. One of the most used scales 1s that presented by Grayblel et al (1968) in whlch the
acule effects are given points (Table 2a) which are then aggregated and uged to arvive at
a level of sevority of motion sicknnas on a fiv: polnt gscale from "slight malaise" to
"frank slckness" (see Table 2b)., This scale has been used to categorise the symptoms of
mot lon sickness in some, of the axperiments gsummarised in Sectlong 3 to 9 below.

Talhile 2a  Dliagnostle cateygorisation of different levels of severlly of acule motlon
glrknesy as deflhed by Grayblel et al, 1968, (Polhls accumulated from the algns
and symptomg In this table arc used to determine the relevant Jdegres of motlon
gickness severity given by Table 2b).

Category Pathognomonle Ma jor Minor Minimal Additional
16 painty 8 noints 4 points 2 points Qualifying
Symptoms
1 polnt
Nausea Vomlting or Nausea [, Nausea 1 Bplgastrice Eplgastire
gyndrome retching 111 discomfort awaraness
Skin colour - Palior II1I Pallor IL Pallor I Plushlng
Cold - 111 11 1 -
Lweal | ng
Increaged - s It 1 -
galivation
Drowsinens - 111 L I -
Pain ~ - - - Headachu
Cent ral - - - - Nizzlpesn:
noerves Byecys aloserd
systom 2It,

Fywes apun 1]

Tahle 2b Lovels ot severity of acute moblica sleknedss as delined by Graybiel et al, 19u8,
(Paints accumilatod from Table 2a are used to detwrmine !he degree of mot lon
sickness asceverlty dhown in this table).

Pointa lovel of nevarity Sickneas Catoegory
2 Ih I'rank sicknens i

H to lb severe Malalage M 11t
ERERTI Maodrrate Malalae A M 11lA

3 Lo 4 Moderatoe Malaise B M

I to 2 slight Malaise M ]

éﬁ
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; 2, THEORETICAL CATEGORISATION OF PROVOCATIVE STIMULI

2.1 The role of theories '

A complete theory of motion sickness wopld give a method of measuring both the cause !
and the effect and indicate how they are related. Various motlon sickness theories have |
been proposed but none is yet capable of providing guantitative predictions of the degrea :
of motion sickness to be expected from a range of ditfferent motion stimuli. i

For a few types of stimuli, presented in restricted circumatances, it has been
possible tn determine empirlcal relationships between the motlon and {iLs effects (see
Sectinng 3 to 9 below), These relationships may contribute to a general mpodel of motion
slckness hut they are not, in rhemselves, motion sickress theories.

General theories of motion slckness are currently qualitative rather than
quantltative, They provide a rationalisation of existing information but meke no precise
statementy of what degree of mction sickness will arise in specific circumstances. The
'sungory conflict theory’ dercribed below provides a useful qualitative Lntroduction to the
characterlst ics of nauseogeénia stimuli,

2.2 The sensoxy conflict theory

Several theories have been based on the idea that motion sicknesa arises from a
aonflict batween the information recelved via two or more sengory systems, However, since
the meaning of sensory Infotmatlon is being contlnually re-learnt, we vary our responses
to stimuld, There is not conflict between the stimulation uvf the sensory systems, only
conflict betwaen the interproatation placed upon this stimulatien. Any measure of conflict
betwean the phyaleal atimuli will be fived and go wsuch conflict will not explaln
habituation Lo nauseogenic atimull or the after~effects of expogure to such stimuli., 'The
extraordinary adaptive capabllitles of the human body are involved in beth causing and
avercoming motion sickness,

A conflict between signals recelved from different pehses is more easily conaidared
a canflict withh what g ’expected’ than a conflict with what is fcorract’, The combination
uf signals which ts experted will be largely that which has been learnt from previous
experlences,  The concept of gensory conflict has therefors been extended lnto a rheory of
senrary reat rangement. {(see Rgason, 1970, 1978),

The senuory rearrangement theory of ma. lon sickness states thatt "all cituations which
provoke motdon slokness are chardcterised by & condition of sensory rearrangement in which
the motion aignals transmitted by the eyeg, the vestibular system and the non-vestibular
proprioceptors are dt variance either with one another or with whdt [ expeoted from
previous esperience", Reason and Brand (i975) wsuggest that Lhe conflict may bae
conveniently and sufficiently consldered in two categories: inter-modallty {(between the
eyen and the vestibular raeceptors) and intra-modul ity (butween the semi-clreular canels and
otoliths within the vestlbular system). For both categories Lt is possible to ldentify
theoe types of situation in which conflict may occeur (gue Table 3},

able 3 Typed and categorles of gengory cenflict

'r . Category of vonflict
yre ©
aonfliat Visusl - Vestibular Canal - CGlolith
L
Type I Visaal ana vest ibular syatema Canala and ctoliths similtaneoualy

simultancously signal different slgnal ditferent (i.e.
{ive. contradivtory or contradictory o1 uhcorrolated)
urcorrolated) inforwation intormation

Type lIa Visual gystem algnala in the Canals slynal in the absence of an .
absence ol an expocted vestlbular ) expected otolith slgnal
signal

Type 1Ib Vestibular syulem algnals {n the Otoliths signal (n the absence of
absence of an expected visual an expected canal signal
rignal

Mot fon chvlronments car involve more than ovne conflict: there is generally more
Aliticulty in cecidling where the varlous env,ronments should be entered than whether they
can be entereda within this categorlsation,  Table 4 Lllustrates the division advecated by ;
Honson (1984) . The lollowing esplanations are derived from Grifflin (1990), )
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Table 4 Typr of mot bon cue st ch produced by various provocat jve atimoli. (Adapted
from Benson, 1984)

Category of motion cue mismatch

Visual (A)/ Canal (A)/
Vestibular (B) Otolith (B)
TYPE I Watchiry waves from a ship Making head movemants whilst
A and B rotating {Covilolias or cross-
simultanacusly give Use of binoculars in a moving | coupled stimulation)
contradictory or vehicle
uncorrelated Making head movements in an
information Making head movements when abnormal accwleration
vision is disgtorted by environment which may be
opt.ical device constant. {e.g. hyper- or hypo-

gravity) or fluctuating le.g.
‘paeudo-Coriolls! stimulation | linear oseillation)

Space slckness

Veatlbular dlserdurs (e.g.
Méniere’s digease, acute
labyrinthitis, trauma
labyrint hectomy)

TYPE Ila Cinorama 3lckness Pogltional alcohol nystagmun
A signals in absence
of expscted B signals | Simulator sickness Calorie srimulation of aomi-

clrcular canals
'Hount ad swing’
Vestibular #lsorders (o.g.
Circular veation pressure vertlgo,
cupulolithianls)

Typs 1lb Looking Inside a moving Low-frequency (<05 Hz)
B signals in absence vehlele without external tranglational ooelllation
of expsctad A signals } visual refershcew (e,¢. below
deck Ln boal) Rotating lincar acceleration
vevtor (a.y. 'parbecuc-upit!?
Readlng Lh a moving vehlcle ratatlaon, rotalion abont an

off-vertical asias)

2.2.1 visual-vestibular conflist
Type I

Watchling nearby waves from a ship results {n some vestibular and gome somatof
putcept fon of the wotlon of the shlp relatlve to the gravitationa! fieid of Lhe
while seelng only tho uncoveslaled motion of the waves relative to the ahip. s
altuatlon may be neally placed as a Type o contlict. 1t mlaht then be assumed thal Lhe
ptablem will be reducod Ly walt ching the horfzon ralther than wat el g the sea, T nhouldd
not be concluded that Lhia ly the only cause of sicknouss ot seat whoo instde o vessel with
no oibobdae view there Dy g Type T vigyal-voalibula confllot and there may aloo bo o Type
Loor Type T canal-utollth conflict,

Varfous optical devices cause maghifleatfon er olher distortion o' the visual fisld
20 that natural hMead movementsa toesull in unexpecet od movement s of the visual neooand a
visual-vestibular confllict, The 'psowda-Carinlls’ eflect asigra wnan the head i moved
whiloe undor the Lhlusory sensat lon of bady rotation induced by prosons or past movement ol
a surrounding visual field, such a5 a rotating pat Lerned drum (Dichgans and Rrandt, 19713

qee Section 10.1).

Type IXa

Situations In which there ly visual movoment but nu movement ol the body can be highly
naugeragenic (e,g, mome filmg, tixed-base afmulators and the hauntved nwinge) . Although nome
medning to the mot jon may Inciease the provocation, Lthis In nol essonttal,  Sickboess can
alse be induced by itlunfons of self mot Lon (clreularvection) producad by Lhe movament of
pat Letned st lmuli in Lhe vigual Cleld {sew Section 10.2),

Type IIb

Many forms of 'travel sfcknean’ may be at least partially attributed to the vaskjbular
percept ion of motion while not being able tae see the motlon,  The swnsory conflict for
chlildron in the rear seats ol vars pacttally arlsag Crom tham only boinyg able to gee Lholr
molien talallve to the rear of the Front svat tal ber than thalr troe moldon relat lve to the
outalde (L.o, dlstant) wlasual fleld, Reading a map in a moving vehlele way also be
nauseogonic tor thig reason - though such visual taosk . wmay DHe more provocal fve than
obnesving a flaed point In a veblele.
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2,2.3 Canal-otolith contlict
Type I

The cross—coupled, or Coriolis, stimuiation which occurs when the head {8 rotated
about an axls other than the axis of rotation of the body is gald to be a Type T canal-
otolith conflict: it is usgually assumed that the otoliths tend te signal the covrect
intormation while the canals provide a false signal - see Section 8 below,

A different conflict occurs if theo head 1s moved during exposure to abnormal
rtranslational acceleration, such as high G alrcraft manoeuvres, zerc G in spacecraft
accaleratlion and decoleration in cars and oscillations aboard ships. 1In these cases a tiltc
of the head will not give rise to the changes in otolith signal which normally occur when
stationary on Earth during exposure to 1G,

Space sickneas has sometimes heen considered to be a Type IIa canal=~otolith conflict
since head rotation will produce an appropriate canal signal without the normal changea in
tha signal from the otoliths which oceur when they tiit within the gravitational tleld of
the Earth (Reamon and Brand, 1975), However, voluntary head motions which are associated
with space sickness are thought to produce accelerations sufficlent to stimulate the
otoliths and so it may be more appropriate to identify space sickness as a Type I canal-
otolith conflict (see Benaon, 1977).

Some disorders of the vestibular system caused by disease glva rige to symptoms of
motlon sickness due to unexpected contributions of algnals from canals and otoliths, and
50 jmay aus. be classed as a Type I conflict. Cne oxample is Méniére's dlsoase In which
both balance and hearing can be atfected.

T Ila

¥re A slgpal from the semi-cvlrcoular canals in the absencs of a slgnel from the otoliths
can arise from tne convection currents set up durlng caloric stlmulation of the canals by
lrrigatlon of the outer ear with warm or cool water. Simllarly, a difference ln the
specific gravity of the endolymph and cupulae which may arise from the consumptlon of
aloohol, or 'heavy water’, results in the cupalae belng deflecied by gravlity. Beth of
these sltuations can produce nystagmus, dizziness and nausea with the greatest stimulation
when recumbent wlth oha ear down, In thlg posltion there is a strong faeling of not haeing
moved from unchanglng otolith signals and somatlc senses but maxitnal stlmulation of the,
normally, horizontal semi-clroular canals,

Type Ilb
Congtant spesd rotation of the body about an off-vertlcal axis results inh a change in
otolithic stimulation with no change in the signal from the canals (see Section 6), This

18 said to be a Type Ilb canal-otolith conflichk, With rotatien about an Barth-horizontal
anles ac about 10 rpm on a ‘barbecue apit!, naurea many be produved in a few mlnutas, A
similar conflict occurs Lf the body lu egelllat.d in translation at low frequencles, such
as on a ywing, in an aireraft, or abnard a ship (see Sectlons 3 and 4),

2,2,3 8ignificance of the theory

When providing a qualitative explanation of the causes of motion sickness, the sensory
contlict theory ls, often sufficlent: all known causes of alckneas arc accommodated by the
theory and it suggests some uneful preventive measures. Itd greatest value appears to be
the ldentification of the relevant sensory systems, their interactions, and the foundatlon
that this provides fur the concept of sensoty rearrangement,

fhe sensory conflict theory dees nou indicate how sensory confliet can be measured and
it therafore provides no guantitative Information., Tt cannot be used to lden'ify which ol
several posslbla conflicts' in an envirenment is most significant, ‘The sensory conflict
theory might be used to anticlpate whether some combination of stimull s likely tu be
nauseogenic but it cannot be used to predict the extent of any symptoms, or how they depend
on the magnitude of motion, Lhe type of motion or the duratlon of motion,

A devoloptent of the sensory confllet theory, employing conbrol theoty and based on
the means wharaby the visual world appears to be stable despite movements of the head and
een (l,e, 'efference vopy’), has bebh elaborated by Oman ().982). He proposed that the
site ot visual percepticn recelves a 'coupy’ of the efferent sighals sent to the oyes and
contains a model of how the sensory pathways operate. If the model faila to account for
the received sensory information it sventually adapts but, initially, 'reports’ conflliot
and produces signs and symptoms of motion uickness, A separate system model of motlon
sickness was evolved by Riedel (1980) and ia aleo bused on sensory conflict,

2,3 Othez theozies

Joe mot:ion sicknesy theorles have incriminated vomatosensory proprivception of joint
ot viscaral movement while others have blamed the ‘sloshing of the blood' or the
fluctuating mechanical pressure of blood or atomach (e.g. Wollaston, 1809), Such
suyyest lons are gensrally discouhted by avidence that an impaired vestibular system Lmparts
immunity to sickness and the tempting corollary that the vestibular system La ‘responsible’
for alckhesy, ‘'overstimulation theorles’ atuributed sickness ta excessive stimulation of
the vestibular aystem and orlentated the discussion towards whether the otoliths or the
gemi~circular canals were responsible.

2.3.1 Otolith tile rotntozfzotntion theoxies

A 'tilt-translation reinterpretation’ hypothesiy (Young et al, 1984) and an ‘otolith
tile-tranelation reinterpretation’ hypothesis (Parker et al, 1985) have been advanced in
the context of space smickness. The absence of a gravitational field in space means that

|
|
|
|
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otolithic signals only arise from translational head movements - unlike on earth, whare the
mosgt common cause igs assumed to be the roll or piteh of Lhe hend through the gravitational
fleld of the Earth., Roll and pitch head motions in microgravity will give signals from the
semicircular canals, and ralative movements of the percelved visual scene, wlthout the
expected gignals from the otoliths. Astronauts have commonly repurted that, early Lln a
flight, pitch motions of the head provoke symptoms of sickness. Immedlately postFflight,
astronauts who have adapted to microgravity exhlbit decreased postural stability with thelr
ayes cloged (Young et al, 1984) and decreased ocular counterrolling during tilt (von
Baumgarten et al, 1984), Both cbservations are consistent with adaptation to microgravity
regulting in a Failure to interpret roll motiohs of the head in a gravitational fleld as
rotation, It has also been obaerved that immediately following spaceflight sume astronauts
perceive roll motion as horlzontal translation and that roll motlon induces more horizontal
eye movements (Parker et al, 1985). A ’prophylactic adaptation training’ procedure to
encourage the appropriate mlcrogravity relationships between otolithic and visual signals
prior Lo spaceflight has been proposed by these authors. Thess hypotheses may be
considered as lending further support to, or reflhing, the all-smbracing sensory confllet
theory.

2.3.2 Reflen~responsa theaoxy of motion sickness

It has bwen suggested tha: the causation of motion sickness might bd partlally
explained in terms of inappropriste (i.e. unnecessary, unsynchronised, delayed, or
opposing) reflex responses to movements (Griffin, 1990). Reflex redponses normally arluse
from the interpraetation of slgnals from the various sensory systems vapable of detecting
motion. 'The standard interpretation of these signals will be incorrect in some situations
and new reflex respcnses will, need to be devaloped, Motion slcekness is assumed to arlse
from the ‘conflict’ between lnapproprlate reflax responsaes, The theory ls thazrefore
cent.red on responye conflict rather than sensory conflict., It 1s suggested that while
gsengory confllet cannot be measured 1t may be pogalble to measure indicators of response
conflict, Nevertheless, the suggestion appears to be broadly compatible with both Lhe
nensory conflict theory and the otollth tllt reinterpretation theurles. The reflax-—
response theory may contribute to understanding the tilme-dependant nature of the
davelopment and recovery from motlon slckness, It tay alao suyggest some meagurablae
parameters of both the motlon and human response, This theory does not discount a role for
somatosensory perception in motion sicknauas,

2.4 Application of motion sickness theories

The sensory conflict thwory cannok be tested by experiment slnce, while Lt provides
a framework for what has beenh obsetved, it makcs no proclse predlctiong, Since the theory
cannot be dlsproved, it may be assumed tv be elther broadly correct, eor lrrelevant, Tha
theory does not make quantitative predictions, Indeod, Lt lmpliea that auch frodlctlunu
cannot bo made., The effects of changes tu Lhe quantity or gquallty of motion atimull
cannot, therefore, be inferred from tha sensory conflict theory,

Any explanatlon of motion nickness In terms of the sensory confllct thoory s
tharefute qualitative and does nnt provide an oxplanation of the physleal causes or
sickness.  Although some later theorles attempt to move the theoty fnrward they are also
ingufficlent to make confldent predictions based on physlcal maasurements,

In the following sections some of the avallable quantlitative data are presented. The
occurtence of motion alckness with the individual stimull should be uccommodated by the
sensory cont lict theovry, and all other theorles. Howaver, currently, cnly the axperimental
data show quantitative relaticnships between the physical causes ol sickness and tho
various alyns and symptoms.

3. 'TRANSLATIONAL OSCILLATION

3.1 Vertioal oscillation
studing have shown that tow frogquoncy vertieal oscillation can cdanse sickness in bhoth
man and animale,

3.1.1 Human studies

Morton et al (1947) report exposing flve subiects Lo up and down wation in a 1Tift over
a dlstanes of about % metres with an acceleration ol approximataly 2.7 ms’ and a maximm
apead of 4 ma’l, The exact characteriat {cs of the mobion were not stated but {t was
reported that four out of the five subjocts bocame sick in a period of 10 to 30 minutes,

The first major serles of systematle laboratory studles of the product inn ot notion
nicknedss In man by vertical oscllilation were conducted with soveral hundred Naval cadety
and are uomol lnes referred to as Lhe 'Wesleyan University atudies’, An elovator, on LIft,
capable of 5.5 matres of displacement (peak Lo peak) was used ro lmpart 20 minule exposurey
to alternating periods of constant accelerat lon and constant velocity so Lhat the rosulting
displacement waveforma ware, very approximately, sinusoldal, ‘The irat study investigated
tour different frequencies (0,22, 0,27, 0.37 and 0,53 Hz) and produced the conclugion that
the higher freguenciss resulted in less sickness (Alerander et a!, 194%a)., "The second
atudy showed that Increasing the magnitude of the motion (at about 0,37 Hz) increased the
theldence of slekness (Alexander et al, 1945b), ‘The third study nsed simllar frequenclen
Lte rhe first study but changes to the perlods at constant acceleration allowed Lhe
ganeration of difterent magnitudes of motlon., The data again showed greatest slckness with
Toweat frequencies, However, comparison of the results with those from the varller studies
resulted in the conclusion that Mmoderate magnitudes of motlion produced the most motion
sickness and that the highest magnitudes produced least sickness (Alexander et al, 194%¢),
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The tourth study investigate: the effect of unsymmetricdl wavelorms (Alexander et wl,
1945d) . A later study produced further Jdata with the same frequencliea (Alexander et al,
1947y,

The above results from Lhn Wesleyan Vomiting tnoldenoce (%)
University studies have been reanalysed so as
to express thi vamiting incldence as a function

of r.m,s, acceleration for each trequenay (see —— ——
¥iguro 1 and Lawther and Griffis, 1987). While A 0.22 Hz 027 Hz
there lg scatter in the results it lm apparent 40 —#— 0387 Hz -9 053 Mz

that vartlcal acceleration at 0.%3 Hz produced
less vomiting than the same acceleration at
0.37 Hz, ani both frequencies produced less yol
vomit ing than acceleration at 06,27 Hy., Other
publications in tha serles report tLhe abrence
of a rellabl. effwect of time of day on sicknese
uning  the  levater, a eorrelation hetween 20}
gickhess or the elevator and responses to a
quaestionnaite hilstory of motlon sickness, an
attempt to find effects of motlon sloknasg on 10t
task performance and show Lhe absence of a

glgnitlcanc e st of  temperature on motlien

aickncan  {n the clavatarn, Studles of the

afficacy of anti=-motion s.ckness drugs were ol -

alao undertaken. 0 1 2* a8 4 b 8 7 8

. . Acoeleration {ms*2 r.m.a.)
There has bean orly one other ma jor nerien

ol dborstory lestigations Bl MY TSNS migure 1 Varlatlun I vemiting
etwoun pRys: <A ’ T A inocidence with acceleratlon magnitudoe
mot ot and motlon aslakneoss o humans, Ihe fe Tour | E nel £ distorted
Investigations were undertaken by Human Factors jjru .i)C’l'[I ,“t“{“f’ I ““Uoc" (Duta fr“
Research Tne using a 2.4 metre square closed iin‘?odﬂ' t"“"rl“‘f‘s‘m./'"o -ons - (ba om
cabln supported by an hydraulic motlon system rerander ot al, )

enpable of €1 metres ol vortical displacoment,

115 degrean of roll end ¢ 15 degrees of pitch (the axws rotation were upproximatuly 0.4
metra2g Lelow thoe [loog Lhe cabin) ., The Cirgt gbudy axposad groups of 20 to 33 subjects
Lo each of 14 orperimental condltlionn lnvolving various megnitudes of vertical sinusoldal
wakion at 0,083, 0,67, 0,433 and 0,500 He (O Hanlon and MeCauley, 1974), Seaated subjects
ant with heads on a headreat during oxposuresd of up to 2 houry with no axternal view,
vomlt bng Ineldence ranged from 0% to 60% wlth higher magnitudes of aceeleration belnyg
ramiired to generate sickhness at the algher frequencles) at each (requency the vomltlng
Lheldence Increased with fncreaaing acoeloration mwagni Luds. The frequency of maximm
gansitivity to motion sicknesy was found to bo 0,167 Heo  ‘the authorn proposed a formula
for caleulating motion alckhness incidenco (M31) over 2 hours based on the integral of a log
aormal function of dcenlerat fon, The mean value of the junction specitied the accaleratlion
ragulved at oo pacticular [reguency to denerate H50% vomiting (soe Section 3,31 helow).

Medlauley et ol (1970) extendod the lnltial studles to frequehcies above 0.5 Haz,
investlgatad rogsponye to piteh and roll matlon and examined habltuatlon effecty, Studien
with 0.5, 0.6 and 0,7 2 showad thal motlon slckness iacidence continued t o decroase an tho

Vorniting (% Vorniting (%
o (%) 100 9.(%)

80 -4 22 ms?rms. o0 %= 1 h expoaures

BO ‘ ~E= 3.4 marma, Bof —~#- 0 ) exposutes

rol 70t %= Aftar & day Interval

-

a0l aot Alter 8 Jay Intarval

50 50t

40 40} '('/‘

ao} e aot /\ e //J

' rd

20} 20f N /

10} — 1o} A ——

0 4 A v ) PR W | 0 + 4 4. + g~ B e L

0 1 2 8 4 & 1 2 ] 4 b
Day ot exposure Day of exposure

Figure 2 labituation in two groups of Figure 3 Habituallon in two groups ot
aubjects exposoed on five ovccaslons,  One subjectys  expused to 0,20 Hr veriical
group exposed Lo 0,25 Ha at 2.2 ma™* r,m,u, slovaoidal motlon att 3,3 wa " rum.s. an 6
and the other group exposed to 0,29 Hz at oueasions, (vomlt Ing  inceldence  ghown
Y oms orames, (hata from MeCauley at afver 1 h of motlon expoaure. Data from
al., 1976}, MuCaulay et al., 1976).
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fraquency was increased 11 the acceleran i moynliude was unchanged.  only 4 peroes (o,
4%) hecame sick with 0.7 Hz vertlcal motizi at &%.5% ms? rom.8. With roll or pitch motion
fat. 0,115, 0,230 or 0,345 Hz with maurrodes of 5.5 to 33,3 dey 87 r.m,s,) added to a
vertical motion of 0,25 Hz ot 1,1 a3’ r.m,s, the incidence of alckness was not
signifleartly different from sicdnesn ..Lh the vertical motion alone, N> subject vomited
with roll motion alone (33.3 desy o7 at 0,345 Hz) but two subjects vomited with this
magnitude of pltech. The authors infer that the results support the conclusion that
vertical motlon is the cause of seaslckness and imply that hnad mocion during vertical
ogalllation may not contribute to sickness.

Three oxperimental studles ot habltuation vomiting {%)
are rueportad by McCauley et al (1976), The 100
firat experiment involved exposing 20 male
gubjectin oh five occaslons to 0.25 Hz vertlcal 80F g 0187 Hz
motioh at 2.2 ms¢ r.m,u, The subjects had all | ' '
praviously vomited when exposed to 'his notlon, 80 g 0.28 H7
the fncldence of motlion sickness tell durlng 70+
the {ive experlvental sessions fLrom 75% to 30%. —*— 0333 Hz
The aecand and third experiments with slightly 80+
driferent exposvred Lnvolved small groups of 0.50 Hz

males and  femades and  showed a slmilar 80
habituation elfect but, after a period of 7
days without motion, susceptiblility increased - 401
suggest ing Lhat this interval was sufficlent
tor subjnets to  lose pome  protectlon  from aor
motion sickness. Flgure 2 shows that the rata

of habituation was greater in aexpariment 2 201

(with 3.3 wms’ r.m,a,) than in axperimont 1 10}

{with 2.2 ms’” vr.m.s5.) - the authors suggosted

that thla may bo because habltuation ls oLeater 0 A v ! 1 L

whon the atimulus lg more m}uueo%anic. Pigure 0 20 40 80 80 100 120
3 shows Lhat the rate of habltustlon was o !

qreatar In tne flret hour of experlment 2 (2 Exposure tims {minutes)

hour expostureys) Lhan in experiment 3 (1 hour
axposurey), by retention was algo greater In
Lhu group srpesed to 2 hours of motion per day,
Ayaln, the wo.e nausvogunle axposure resulted
in geeator habllbuatlon,

Pigure 4 Increase fn Lhe numbery of
pardony to have vomited wlth incroasing
duration of exposure Lo [oun [requencios
of vertleal sinunoidal motdon, (Data
from McCauley et al, 1976},

Flgwie 4 fllustrates the rlso in the
tneldehce ol metion slcknoss wilh Increasing duration of oxposure to four frequencios of
mobion a5 ropoctod by MeCauley et al (1976),  They report that the cumulative motion
yleknans Ineldenee dg a FTuncetlon of exposure btlme can be expressad In terms of a log normal
diotctbutlon, A oquation Lo offered to exprods motlon aicknoss as o functlon of
| requency, acceiaratlon and expusuty Ulme (see Sectilon 3.3.1),

Tha wlfocet of vseillatloen frogquency on molion sfcknosy lg shown bn Pigure b for 2 hour
axpostures to va-iosug magniludes ol motlon, Thuese data show a clear docyoase fn the
vemit bng inclden e produced by vertleal sinusoldal acesmleratlon with increasing freoquency
trom 0,25 Lo 007 U, IMMguro 6 shows that al frequenciens botwaen 0,167 and 0.60 Hz tho
fnercages 1n vom Ulng tncldence with fucroanes [n the magnitude ol the mol fon were heat ly

Vomlthng (% |
polorting(® otomng B
my ' r.m.y.

a0l - 086 ool #0187 He
ok e 0,26 Hz
! ' 8of M- 0,00 He
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gor = @ ook
b0 4 444

sof X
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aot E} aok

0 u 3 .
0 03 04 04 0.8 1 PR o . s »
Frecuerioy (H2) Aoceleration (ma2r.m.as.)
Figure 8 varlation in vomiting lucldence Figure 8 Variation in vomiting incldence
with the troquency of vertical sinuscidal with the magnitude of vertical slnusolidal
mot Jone fov 2 hout sxposures Lo various motjon fovr 2 hour expcaures to various
magnfludes of motion,  {Data frum Mctauley frecquencies  of motion, (Data  from

et oat, 1976), MceCauley et al, 1976},
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linear. The manner in which vomiting incidence varled with both the magnitude and the
frequency of vertical sinuscidal motion is shown in three-dimensional form in Figure 7.

Incidence of vomiting (%)

Guignard and Mctauley {(1982)
Investigated the affect of adding
harmonics (at 0.33 or 0.50 Hz) to a
fundamental frequency of 0.17 Hz vertical
slnusoidal oseillation. The authors
report no statistically significant
differance in the incldence of wvemiting
pruduced by the five conditions otudied,
The motion sickness incidence varied from
50 to 7B% in the five conditlons and are
reasonably consistent with predictions of
40 Lo 58% using the motlon slckness dose
value procedure defined in Section 3.3,3.

While studles with artificial stimuli O E-Reor—mir—Cr oty Oy
have i{nvolved sinusoldal and pseudo- 0.08 0,17 0.18 °'F?° 0.28 0-33&:)'" 05 08 O
sinusoldal wtimuli, several investigationa requency (
?2:grgzgn ﬁ;ii%;?adgit;? iii;ggfffionang Figure 7 Variatlon in vomiting incidence

| ' . with the frequenc and the magnitude of
Yﬁggﬁfe'sﬂﬁjjffsélfl?ufgf tﬂiiiizg eaiiﬁ vertical sin&%oidgl metion  for 2 hour
reproduction’ of motions predicted for a  9Xposures,  (Figure derived from Griffln,
surface effect ship travelling at varicous 29801,

gpueds .,

3.1.7 Animal studies

Si8berg (1931) made dogs motlon slck using vertical oscillation generated by a gvesaw
arrangement, an elevator and a crane, Studies were alsu undertaken with human subjects
{sce 3 )bbery, 1968). After trying a Four-pole swing and a complex turntable giving
continuous rotation and pitceh oscillation, du Wit (1957) found that vertical osclllatton
of toge in a dage suspendnd by a spring (0,33 Hz, 2.5 metrn excurslon, 4 ms” v.m.a.) was
wore erfective in causing sickness in dogs. Exposures of 20 minutes wero sulflelent to
cause slckness.

Uglng a meanys of osclllating cats vertically, McCabe and Glllingham (1964) were ablo
to caune yiaknevs in all anlmale with an approximately sinusoldel acceleration of about 4
ms’ rom.y. (Frequenay unknown) . There was no apparent di fference in slokness between Lhose
frer to move, those who rasted their heads on tho floor and those whose heoads wore Lixod
by a ‘tooth bar’.

suri et al (1979) reported that 0.65 Hz veortical slinusoldal osclllation al 4.3 mn?
r.m.s. produced sickness in catdir 22% vomlted withln 20 minuten., Borlson and Potlson
(1986) produced sickness in cats with 3.5 ms™ romes, vertical oscillation at aboul 0.% Hu,
Twenty minutes vertical sinusoidal 0.6 Hz oscillation at 3 mp™” r.m.az, has also been shown
to produce vomitlhg in cats (Fox ot al, 1987). These authors found that thls frequancy ol
oscillatlon with a displacement of 0.5 metres (2,5 ms’ r.m,s.) also caused vomlting,

Using vertical alnusoldal oscillation in the range 0,17 to 0,33 Ha, wilh acveloralions
fn the range 0.2 to 1,3 my™ v.omes,, Wilplzeskl ot al (1987a) Tound squirrel monkeys
registant to motlon sickiuvaa, 011 monReys highly suncept ible to rotation ahout 4
vertleal axisg, only 1 vomited when exposed to verttcal osclllation, The others woero
axposed Lo 2 hours per day for up to 10 days without nigra of sicknesa, Wilplzoskl et al
(1987h) report that vertleal sinusoldal oscillation al 0.2 He Uhrough a digplacenent of
2,08 metres (Lieo 1o2 mg " romsd) produced sickness In only few squirrel monkeys within Lwy
hours .

The house munk shrew appears to be less susceptible to molLlon sickness with vertlcul
oscttilation than horizaontal osclllatlon (Kajl et al, 1990}, #ifLeen minute exposurns to
frequencles between 0.2% and 2,0 Hz with a diuplacement. of 40 mm resulted In Littlae or no
vomitirg al 0.25, 0.Y% and 2 Hx, butl slgnlficant problems with | Hz vertlcal oscillatlon,
Nevertheless, the overall effect wag less than with S minute exprsures to slwllar
magnltudes of horizontal oscillation (see Sectlon 3.2).

3.2 Horisontal ossillation

Any substantlal studiey of the extant to which horizontal osclllation of humans causivy
motion sirkness have yet to be published, It has been reported Lhat the house musk shrew
(duncus murinus) can be made to vomit by % minule exposurea Lo horizontal ovaclilatlon of
25 mm displecement at 0.5, 1.0, 2,0 and 3.0 !z (Usno et ai, 1988). About 20% of anfm.ls
vomlted at 0,5 Hz while 645% to BO% vomlted at the three highor fregquencies, With 1 Ha
vaeillaliun, 4 slmjlar percentage vomited when the osclllation displacement was reducad to
10 mm but all animals vomlted when the displacement was increased to 40 mm,  Thars was mome
habituation to motion with repeated exposutes and some drugs were found to reduce notion
sickness ih Lhe animals,  Other studies vhowed that with a dlsplacement cf 40 wm and a
frequency of | Hz the house rusk shrew was similarly affected by fore-snd-aft motion,
lateral matlon and a clrcular mot.ion (formed trom the surmation of the other motlons with
a 90 degree phase shift), The anlmal was more susceptibl!e to horlzontal vscillation {han
vertl<al osclllatlon (Kajl et al, 1990).
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3.3 Standards for evaluating translational oacillation

All current standmids For evaluating motioh with respect fo motion slekness are
tedtricted to the assessment of vertical os:iillation occurring in the z-axis of the hody
(Liey in the seat-to-head or foot-to-head axlg). Sinee vranslational osclllation in obther
axeg, c¢ontinuous rotation (with or without head w -verants), movements ol the visual scete
etc, can cause motion zf<knega It should not be assumed that the use of Lhege standards is
a sufficient means of predic! ing molion sickness in all environments, It is not cleatr
which environments can be assessed with these wlandards but they ave malnly applied to
boats and ships,

3.3.1 McCauley et al studies

From the results of laboratory studiey of motion sicknesn caused by vartical
oscillatien, & series of frormulae for predicting motion sickness incldence (M5T) waore
propoaea by O'Hanlon and McCauley (1974), McCaulay and Kennedy (1976) in! MuGauiny et al
(i976) . The method applies to motion in the frequency range 0,08 to 0,63 Ha with maximum
seths.tivity to acceleratlion at about 0,16 2. The adsumption that MST will vary sith
acceleration and with time ln oglval form (l.e. a cumulative normal distribution) resulted
in somewhat cowplex mathematical operations., Motlan gsickness incidence (M31), expressed
as a pelrcentade, Lg agusumed to ba the product of a term represeniing the Ipflusnte of
motion magnitude and froquency, P,, and a term expressing the effect of motion duration,
ot

MOT = 100 P, By

The term P, in calculaied from a term, z,, quantifyling the ettact of magnitud» and f raquiency
and a term describlng the form of a cumulative hormal distribution {in praclice this may
be obtalned from statistical tables), The affact of ~agnitude and [roquoncy was determined
frar a aurve dencribing the acceloratlon regulred to  produce vamiting abt  varioua
frequencley In 50% of persony during two hour exposures:

2y 2 2,13 1og,a - 928 Log,, fF - 5,80 (lag,,©) ¢~ 1.8%

Wheva & ls the r.mio, aceeleration in gy F lo the treguency in Hu. The term Py la
caleulated simitariv to give 2 valua tor wu

Apmdlog b v Lo13zy - 2,90

whare ¢ Lo the exposure Lime ln mlnutes,

Valuos of Py, and Py are obtuylned by
sonsulting o table of the normal devia e 2 Agoeleration (ms* r.m.s.)
at the valvay of », and 2. reapectlvaly., For AQ = e s
aslample, w.tbo a 60 win, expamire to an
accelaratlon of 2.1 ms” romeo, (L.e. 0,21 g
romes o) veartical atnusoidal motion at J,25
Wy vy = 0,19 and #y = 5,87 ao Py = 057 and
Py 0LB1 ylving o pradi tod mot fon slckners
incidence of 46%.
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range 0.1 to Co63 He oxpnot od Ve procaes g - 2 hours
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wagnitudos and duratlons are Ln an inverpso-
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g.oeatest frowt 0.1 to 0,315 Hz but )i at r s anit 0 of vortles ey

hlgher  froquencles so  thal. acceleration otg‘ﬁ'?atlu':a(;:é:;(l:“tis‘i‘ LS t{:duV:@Llz)%ﬁlinc/tdg::::
maynitudag 1'equi‘_red te produce alekness at of vomlting I exposures ol 30 minutes, 2
.63 Hzl are 315 times greator thanh those hours atd, Lentdtively, 8 houts accord!ng
teguirad Lo produce slckress at 0,315 Hz and te  International Standard 2631 Part 3
at lower frequencics, The contents of this (tntefnat L‘U|\1l * .‘Orqanj “”f’on 'L’nr
utandard ware fivst published as Addendum 2 SLandard)zat lon 1945) , T ’
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Galn Acceleration (me™? r.m.s.)
OF— 1 10g
== agymptotin welghting N
— reallsable welghting i
; [ BS 6841
40 %
1
E 20 % ™
01 0% \.
L 180 2831 Pt 3
10%
001{\ i Lot i b LLL L 1 bbbl L) 0‘1 1 1 T W | 1 i Lolol Lt )
[eXe)] 0.1 1 0.01 0.1 1
Frequenay (Hz) Fraquenoy (1)
Figuxe 9 Frequency walghtling W, as deflned Figure 10 Vertical z-axis osclllatlen
Lo Brivtish Standard 6841 (1987). (Graph axpocted to  cause  10%, 20% end  40%
shuws gtralght line ragymptotie iheldence of vamiting cduring 2 h exposurcs
approximat.ivng? re the i llustrated according  to  Britlsh  Standard 6841,
rnalisable  weighting  defined Ly the Ihetdence wlll double If magnltude ia
gLandard for use in {nstrumentaiinn), doubled ot expogure duration ls Ilncreased

hy a factor of four,

3.3,0 nritish standard 6841 (1887)

British Standatd 6841 (1987) datfines a ’motion sickness doae value', MEDV, Laysl nn
a frequaney we.ghting (i.e. a £illter) and a time dopendency. "ha realizahle frequency
wislghtlng, WE, can be rapresented by an asymptollc approsimatlion having an attepuatl on
whieh varies with frequency at 16, 0, and ~12:0 por octava, Table 5§ llatus Lhe attenuation.
of this aasymptotic approxlmation and Figure 9 compares the asymptotle 1nd realisable
fraquancy welghtings. "he  standard  fully definew Lthe realisable welghting for
implomoentation by analogue or diqital filters, fThe greatest sensllivity to accoeleration
ls 1n the rango 0.125 wo 0,25 Ha, with a rapld reductlon in sensitivity at higher
frequencios, the asposire duration, ¢ (seconds), ahd tho froguency welghted romes,
acoelaration, a,, M8 poaos.), may be used to compute tho mot lon givkness douse valuad

MEDY, w (a0 Y
Tho percentuge cf unadaptod adulty who wmay vemit Ls (hen glven by

percentage who may vomit ~ '/, MSDV,

Thls relation lu based on oxposures lasting trom about 20 min to about 6 h with a
provalence of vomiting up to 70%.  figure 10 shows the predicted maynitudes of vertleoal
uselliation required for LO%, 20% ahd 40% ob persons to vomlt within 2 hours,

Law! her and Griffin (1987) compared the motlon sicineass dose value (MSDV,) procediore
with the motion si~kness inclience (MS1) method adtmarised in Hectlon 3,301, 1t was ahown
that the frequency welghtings were animllar and that Lhe dependoence of vomit [ng on the
waynitude and duraticn of motion were atmilar for magnltudes up Lo about 2.5 ma * 1.m, 8, and
for dutat fong up to aboul 6 hows,

Pablo b The filiter gain of frequency walghting W, wused fer assessing  vertical
accnlaratlon with ronpuct to motlon slckness as deflned by British #randard G441
(1987) . (Values shown are lor the asymptotic anpreximation to o vealisablo

filter)
Frequancy, H# 0.100 10,125 10.160 0,200 (0,250 [ 0.3151 U400 | 0,500
Galn 0,8U0 1 1,000 1 1,000 ]1.000 ] L.nno | e 63| 0,391 ] 04250

4. OSCILLATION ON SWINGS

Various investlgators heva declded that the molions of swirgas may be a convenient
means of generating motlun slekne:s. Two principal categories of swing have been used: (1)
those sgacured so that the platform suppe.ting the body awlnge c3 a simple pendualum and
inclines under the actlon of the appllied Forces {e.yg. 2 pole swings) and (i1} parallel
awings which are sucured at elther and su thal they remain hotlzontal durlny swinging (e.g.
1 pole swinga). VFlgure 11 {llustrates typical 2-pole and 4-pole swings. ‘Tne motlons
experienced by observers on the awing are differsnt in the two cases and neither imparts
a unldirectional translational accelaration, For a simple swing of raulus r, the swing
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whero g Lg Lhe aceeleration due to gravity (9.81 ms 7).,

on a two~-pnle swing Lt must be assumed that the person tilts with the platfomm -
although this may nol he true foih the head unless it Ll restrained by a headreal. 'The
aubject L oxposed to rotational dceeleration at tho swing frequency in addition to
translational accelaratlon, In tha absence of moehanical Llmpeifectlons, Lhe accoloration
parallel to the platform (in the x= or y=-axlan of a seated subject) ls zero since the
areeleration In this direction §s equal and opposite to the accalerat fon component due to
gravity atlsing from the tilting of the platform. The accelaration purpendlecular to the
platform (in the z-axig ol a seated subject) ig primarily due to the tadlal a leratio
it always acts in the positive diructlon (keeping the subieer on the platform) and
oscillates at tulee the froegquency ol bthe swing,

On a tour-pole swing tho platlorm W777777777777 77 V77777407777177777777777774
remains hotloontal and Lt must be assumed
that the subject remaing 1n the nauve
orlentat lon throughout the are of swinglng
(although in practice g may not be the

case wilthout head restratnt). Thare s /

therefnre ho totational aceeiaration, I'n
the horisontal direcvtion (L.e. parallel to
Lhe plattfoun and In the s— or y-=axls of a
seated subject) there Ly slgnlficant
dceeleration which 1s nonesinusoldal, The
voarticul motion ls alse non-sinunoldal,

Two pols awing Four pole awlng

Figure 11 Diagrammatic Lllustration of 2=

Repares ol #otie sludies  do not pola and 4-pole awingsn.

clwarly describe the form of swlng usad
and it mey not always be currect to
calctlate Lhe motions axpol fencaed by subjouts based on the cabegorlsation and informacion
pregented halow,

dtudles fn swlngs have been cvonducted for two maln purponcst to asseys the
effnctivenass of drugs or doevite a provedure for olimlnating sugceptlblu porsons whoh belng
selacted for military guevi-e. A fow studles have xoughl Lo dotormbne the foflusnes of the
Lype and diroct fon of morlon ob motfon sicknag,

4.1 'Two pole swings

Ugang a awkng with a radius of 4,3 motras (From tho cenlre of swing to the geat) and
@ swing arc ol 150 deyreces, Homingway (1945, 1946) lonvewtigated mot lon sickness In varfous
groupy of aviators and a control qroup during 20 minure axposurey, 10 the contral group
H7% became (1 and 2% ol thoso vomilwed, Amonyg  Lhree groupy of alrorow khown Lo bne
aulfering from motion slockneys Lthoro wero 79% Lo 90% §11 witn 38% v 65% of those vomitin ,
Ih luegn Lhan 20 minulea, "The 21 :koens rates in alrerew not suftering trom motien sicknang
wote condidetably Towert JH% i1 with 118 to I9% vomil fng, (1 is itnferred Vhat Fhe awing
bohaved as a atmple pendulum and that the fraauency of awlndging wan approximately 0,704 ey,
Simblar resulta were abt alned whon adminiater ing placehos to cont el groaps in drug st adien
wilh The same appalatus (Smith, 19407 Smith and Hemiongwday, 194600 Hembngway (UHe) Toand
Chat symptams of motion afekness appeared Lo ba unaf foctod by amblont temporatyie In the
1o tee Y ddegrees Celgiug,

Mannbng and Stewart (1949 roport that Che fneddence and agover ity of fawing slokneaa?
weiid bol dependent ob Lime of day,  roum temperabure o apprehension and wag gimdlar for
thoge gwung shortly bafore and {hase swung short ly attor a moal, Uslng o two-pole nwlivg
with a radiun of 4,200 metres (giving a {rogquency of about 0023 Hz) and o swing are ol aboul
69 dogrees, they lhveatbgatod effects ol body postute and viwval condlitions on the
fividenen of slckhoss ducing 30 minute exposures, Wilh syes closad, symproms wore Joast
with aud joets eaplerer T with pausaa and vamit ing compared with 5% when in a prome
pottit bon and H1% when st ting faclng the directlon ol swing, Opening (he ayos teduced tho
problem te 5% when suping, S0% whan prone and 27.%% when facing the directlon ol swiog
tthere was puot viglon whon in Che prone position) . Wear tng fblackonl guggles’ reanlted
lna atight Iy qreator gleknegy ineldonce (07,54 than In the ayon oloand candition, while
sttt ing oo partdally darkened room resultod bnoan fatermediate tnebdence (39%) . Covering
the pedng with a sheot, g0 as to romove the extorpal vipual cues and Che feoling of he
breeze, teasultod 0 64% with nausea and vomil Jty, When a1t ing aldowdys with the oyen open
T way Found that tha fnceldunce of navsea and womitlng was greaber when sitting on the
plat form {z4%) than when sittlng supportod on a chatt placod on Lhe plat form (12%) . This
was altributed to the reduction of aboul 0,45 metros In the radiuy of switg to the
vizst fbudar uysoan when uslng the chalr.  Standing on the awing facing the ditectioa of
motdon reusulted In the gamo  inceldence of nansea and vomit (ng ag altting faciog the
directinn ol awing (l.e. 27,5%) = aven though the radius of the swing to Lhe venstihnlay
ayst em was ahottencd by about 2 metres., Manning and Stewart attribute thin to a diff.rent
ot lantat fon uF the bead when st anding,  The authors econclude that a deterwining factor
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swing nivkness is the arientalion ol the gomicitealar canals with respoect Lo tho disect fon
ot wot iont srckness M"wan o great est o when daccelotat fve forces were gt imy in the plane of e
vertical semicircular canals"™, ‘They vecommended the suplve position, or any other position
In which the ’vertical canals’ are horizental, for the trangportation of alr-borne troops.

Unsing a two-pole swlhg, Fraser and Manning (1950) systematically lnvestigated the
effect of swihg tadius and swing angle on motion slckness In seated men during 30 minute
expogureg, Wlth a 90 degree angle of oscillatlon, increasling the swing radius frem 1.8
metres (glving a swing frequency of about 0.37 Hu) to 3 metras (a swing frequency of about
0.28 Hz) increased the number of men with signs and symptoms of alckhesa from 4% to 50%,
A turther itncrease in the swing radius to 4,9 metres (~0.25 Hu) increased the slchkness rate
slightly further to 58%, With a 3 metre radlus (a swing frequency of 0.28 Hz}, incleaslng
the angle of swing from %0 to 90 degrees Increased the incldence of alckness from 22% to
50% while increasing the swing angle further to 130 degrees only produced sickness in 46%.
The authors give some consideration to the accelerationy received by subjects on the swing
and conclude that rotational acvceleration was not important mince sickness increased when
rotatlonal acceleration decreasaed as the radius of the swing was increased. They conclude
that the ’‘tangential’ component ¢f acceleratlon rather than the vertical acceleration may
be necessary for yickness, or that at leant two forms of motion are necessary for sickness,
Uslng a slmple awing with a radlus of 4,6 metres awlhglng through 70 degrees at a frequency
of 0.26 Hz, Johnson ot al (1951) found that the greatest lhcldence of slckness occurred
among subjects maklng the greatest hedad movements.

Other studies have been conducted on swings of vairlous types. For example, Babkin et
al (1946) produced motlon sicknegs {n dogs using a swing with a radius of 2,4 metres which
swung through ahout 70 degrees at 0.33 Hz, "This was raported to produce definlte slgnw of
motion sickness in about 60% of dogs testec; tho use of a shorter swing radius producsd a
lower incldence of sicknecag, Babkln and Bornsteln (1943) had earlier found that bilatoral
labyrint hectomy abolished symptoms of slckness in two dogs previously susceptlble to swing
sickness, Johnson {1951) roports that filve dogy who all vomited on a awing within 30
minutes did not vomlt when thelr heads ware flxed, Chinn and Plotnikoff (19%3) found that
using o swing with a radius of 4,3 metres (a swing frequency of about 0.2% Hz} with a swing
are ol 120 daegrews, 50% ot dogs vomited within 30 minutes and 25% of men vomlted in 20
mibutes, Some drugs were able te reduce the incldence of vomiting., Wang and Chinn (1954)
used the same motion and showad a conslderable reduction in vomltlng among dogs after the
gurgleal removal of tholr ’chemocoptlve emetle trigger zone’.

Money and Friedberg (1964} produced vomitlng In restralned dogs standlng on a two-pole
gwlny of radius 4,1 metras swinging through a 70 degree arc at 0.2% Hz., Of 57 dogs tested,
17 vomited within 2% minutes in thelr Inltlal test and 16 of thess vomited within 25
minutes during three subsequent testn. Surglceal procedures to ihactlvate the semi-circularx
cahals while leaving Lthe otollthy intact, ygreatly reduced the susceptibilivy of the dogs
Lo motion slcknesy on Lhe awlng Lator investlgatlions with deogs lnvolved surgical romoval
of tho ampullaeg, the utrlcle and the saccule (Monay and Cheung, 1983). ‘'The same two-pole
awlhg tust rosulted In seven out of alght dogs vomiting within 25 minuten on four separate
occaslohs prior to the operation. Followlng surgery none of the dogs vowlted durlng the
swing test . 'he emetic response to some drugs was also greatly dlminished by the aurgical
removal of Lhe vaatibular systeom,

Using a two-pole swing with a radlus ol 3.7 metres oscillatlng throagh an arc of Y40
dagroes, Crampton and Daunton (1983} produced motion sickness in cats within a clear
plastic¢ bor, Mean durations before retching or vomiting are glven au approslmately 18
minutes, Dauhton et al (1984) roport esperiments on caty exposed to varlous notlonsg
Including those ganerated by & two-pole swing with a radius of 1,8 metres swinging out
about. 60 dogrees with a frequency of 0.37 lz and a vertlcal dlsplacement of 0.9 metres,
Tha awlng was placed Wwithln a statlonary Ulluminated bor so that during swinglng there was
combined visual and vestibular otlmulation, Stimulation by visual movement only was
provided by swinging the box (0,.2% Hz, 60 dugrees) over the stationary animaln., With the
combined vigual and vest Ibular stimulation, 25% of cats vomited whereas only 10% vomitec
wilh the vimuwal stimulat.lon alone (see Sect lon 10) .

In cumpatiagon with the translatlonal studles veported lp Section 3 it can be shown
that the above swing studies with seatad parsons have produced a greater Liclidence of
mot ton slckness than would be predleted from tLhe z-axis acceleration (l.e, radial
weeelorat fon produced by a combination of centripetal acceleratlon and a yravitational
component) . (Two-pole swings produce z-axis accelaratlon of seatend sublects at twlee the
awing frequency so, for this axls, the frequencias quoted In the toxt above should be
donblod,y The Wesleyan Unlveruity studies and the Human Pactor Research ine, studies
ahowod that sickiess Incldence decreased with inereasing frequency, In order to obtalin
sicknese Incldence of 50% within 30 minutes, the z-~axis acceloratlon would need Lo be
greater Lhan that occurring in the above studies, Thlg could be achieved wlith larger
atiglen of awing and lower frequencies of swing = both difficull to achicve., For example,
the motion sickpess dose value procedure indicates that a frequency-weighted acceleration
al b ome 0 romLa, would ba requlred In order to achleve 50% vomdting in 30 minutes., This
wolld 1equire a longer swing than has been used in the studiea: a radiuas of 15,9 metres
(awinglng at. 0,12% Hz so an Lo glve a z-axls acceleratlon at 0,25 Hz) wilh an angle of
swing of abunt 145 degress would be needed, 1t seems reasonanle Lo conclude that z-ariy
oseillatlons of acenleration are not alone the cause of sickuess on twu=-pole swlngs,

Fer g peraon restralned to 8 two-pole swing, the only other motion is the rotational
ol latlon,  The magnitudes of roll (or pitch) oscillation used in the swing ttudles are
largor tnan theoae found to produce onty minor motion sickness in the McCauley et al (1976)
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Stalies (e DectUion A ), Fvidednss rogn The b it ol reweken? stades ool Heabon ot
a7 gt Ve e 1o siekn spetberaateed Doy U T et Te e aed e et e o
seesaw was not alfected by the addiltion of roll motlon of un to 15,5 degreas, (1t wasn

agsumed that the vertical motiaon, not the pltch motlon, of the svesaw wasn reapounnibie {or
aicknass - possibly becauan the angles of tall and plleh were simtlar and studies in an
clovator confirmed that vevtical motion cauded motion sickness). 1t therefore currently
remaing uncartain which characteristics of the motionuy on two-pole uwings arve primarily
responsible for slckness (see Sectlon 4.2 beluw),

4.2 Parallel swings

A serjes of gtudles of drugy for preventing motion slckness in dogs and man was
conducted on a parallel awing of vadliug 4.4 metres glving a treguency of ouaclllation in the
fore-and-att axis ot ¢,2% Iz (Noble, 1945%a, 19456, 1946, 1948). The heads ol the men were
0.v motros above the swing, in most stuadies, dogs and men were made sick by swinging
Lhrough 90 degree analas: betwaen 55% and 60% of 369 men vomited in the course of 30 minute
axposurey to this motion. 1t was found that lessor angles of swing were sufficlent to
cauge vomiting among the more susceptible doga and men. Fight out of ten susceptiblae men
vomited (and the other two were very nausceatzd) whon exposed to 30 degree swings with an
average tlma to vomiting of 14.5 minutes compared to 10,5 minutes with the 90 degree awing.

Johnaon and Taylor {1961) compared the slckness genocrated by 2-pole and d-pole awlngs
- both having a radiugs of* 4.6 m (Lo the hoads of subjecta), an ascillation requency of
0.27 Hz and & swing arc of 70 deqrees, Using 800 younqg male subje acling the direct tan
of swing (30 as to produce motlon in the fora-and-aft axis) and up to gir minutes of mol lon
Lhay investigated the differences betwesn the swingg, the effects of Fixing the head and
the effects of closing the eyes, The greatost purcentage of glcknoss symptoms ai 'ge with
Lho head free and the ayes closad (3%% felt LlL on the 2-pole awlng and 20% felt 111 on Lhe
d-pole swing). Restricting the head, openina the eyea, or hoth reatricting Lhe hread and
opaning the eyeys resulted in a conslderable Jdecrease Ln nlekhess incldence [or both swings,
The authors corcluded that alckness way cansecl py Yangular acceleritions resulidng from
unrestrained movement of the hoad", ‘The benetlclal effoct of viuslon wan atbributed to
subjects belhy able to use sight to assist in Lhe maintenance »f o stoady hoad,  The
accurrence of up to 7% gickness with the head fised was attributed to incomplotoe
Immobiliaation of the head.

4,3 Other devices

A Farris wheel device har been used Lo provoke motion alcknoss Inocals (Crampton and
Lucot, 198%; Fox et al, 19477 Lucot and Cramptoh, 1987 Lucot et al 1989; Crampton and
Lucot, 1991). Cats were plaved in two clwar boxes which hung at eithor ond of o [rame
which rotated about. a horizontal axls through its centru, Tho radiug from vhe contio of
rotatlon to the polnt of suspension of each box was 0,445 m, Cont lnuoua rotatlon of the
caused the sugpension of each boux Lo move in a vertical cliele,  With the cagos
y suspended, thwy will have tanded to swing outwards undar Lhe action of contripaetal
accoleration as thay ascondod and degcanded,  The motion espurlonced by the cals wan nol
merely vertleal slhusoldal ooclllal.lon. Uaing totat fon 1ates between U.1% Nz and U458 1a
all gtimull caused some sickness but 0,; Slaent onant of mob fon

28 He (17 rpw) produced the oo
sleknens and Lt appmared that 40% of watg would vomit within 30 tminuteys whan expuned to
this frequency,

5. ROTATION ABOUT A VERTICAL AXIS

3.1 Constant speed rotation

corning (1904) deser Ibes nome apparatus In which ho was ablo o praduce symptoms of
sickness by vont Inuous rotarfon abeut oo vert Leal wxlse He Toud That 30 rpmowas sulfleiont
Lu dnduce in himaelt "a high dogreo of vertigo, giddines: ami nousea boeime enpeaially
marked when the oyea, cloaod during rotal icn, wore, pon (ts cosaat ion, penod aaddon byt
roening used Lhe chale to asnens the of ficfoney of daga In combat Tog mot fon steknossg and
anbseguont Ty advocatod the ane of hyosceine,

Guedry  (JUol) geports that simple oba fonad aveoborat fon at baw gt ea doog not
produce aymptoms ol mot fon aickness,  fnoan cxperiment with more than 100 mon who tocoived
176 aceelvrations Lo 10 vpm within a 4 hour period no subje 1 oxhiblted aympt oms,

Leger ot of (1981) Ffound that mot e sEokneys wan nolo common Jdiur Ing 5 minnto expoiara
Lo 20 rpm rotalion abont a vertical axis,. only ane subjscet reportod aympltoms of move {han
trivial severity}; most symptoms arose when sanbjoects had an oxternal visual frame of
teferenco,

Damiton et al (1984) determined the incldence of wotion alcknosa in aquitrel monkeys
exposed to constant apeod rotat lon aboul o vertical axis with a view ol the laboratary,
With o rotation rate of 10 vpm, 70% of animala retched or vomilody with the rotat fon at 24
tpin all anfmala rotohed ar vemited (seo aloo Hect fon 10),

Wilplzeskl et al (1984 conduct nd Lhree oxperiments with squliriel monkeys fnowhich the
anlmals were axpodsed to continuous total ton at 3% rpm, Whan al towed o see out through the
tatat ing transparent cage and nol restrained, atl monkoys voemitol on soverdal occanions
within 2 houra. Hlindrolding great by reduced Phe Inelaence of vamiting, Repoatod oxposure
produced hablituat lon in only a tew animala (see oloo, Wilptzeskl ot al, 1987a,b).

Daunton and Fox (1%MH) repurled tha occurrence of motjon glekness [ squirrel nonkeys
exponad to body rotation ot optokinetic rotal fon about a vartical axis with varfous viewing
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conditions., MWith 10 rpm rotation of the visual aurround around atationary aniwmals, A2%
became rlck within 30 minutea. About 77% brcame sick when only the animals ware rota%ed,
95% were sick when both the animals and the vlsual surround were rotated together and 45%
became sick when the animals were rotated in the dark., With ~ higher rate of rotatlon (25
rpm) the slckhuss rates increased Eor all three conditlions involvine motion uff the animals
but decreased for the condition involving only movement of the virval fileld. The animals
were free to move within a small cage during the motions.

The effects of various restraint conditions on motion sickness in squirrel monkeys
exposed to 30 rpm for up tu 120 minutes has been reported by Wilpizeski et al (1985)., With
a clear view of the laboretory all of the monkeys exhibited motion sickness within 120
minutes when they were allowed to move, When the torao was fixed, sickness full to about
50%, and with both torso and head restrained the sickness fell a little more, With torso
and head fixed and a blipdfold, no animal gxhibited signs of motion sickness.

During c¢ontinuous conhatant veloclty rotation about a vetrtical axis, the sensation uf
rotation diminishes and nystagmus does not persist after the onset periond, Cn cessatlion
of rotation there is a sensation of counter-rotation and some horiwontal nystagmus, Motion
sickness induced by the above exposures to constan:c apeed rotation about the vertical axis
may have been caused by the apparent movement of the visual scene (see Secticn 10},
movements of the head (see Section B) or the acceleratlon and deceleratlon before and after
the period of venstant velocity (see Sectlon 5.2).

5.2 Rotational acceleration

Severe, or sudden, rotational acceletation about a vertlcal axls can produce motlon
slekness, A test for pilot susceptibility to airsickness developed in 1822 to 1824 has
besn reported by a former Director of Medical Recearch for the Royal Adr bovce (Flack,
1931), With eyes open, subjects were spun on a rotatlng chair through 10 rotationy in 20
saconds {30 tpm), This exposure, which ls reported to have been capable ~f causing
vartigo, nausea and vomiting, involves acceleration and deceleration in additjon teo the
period at constant speed rotation.

Lackner and Gravbiel (1979) describe a ’sudden-stop vestlbular-visual interaction
test’ in which subjects are accelerated at 20 deg s to 300 deg s°! (50 rpm), maintained at
this velocity tor 3¢ meconds anhd then brought to a stop in 1.5 seconds. The procedure was
Lher ,epeated until a motlon sickness end point was reached ot 50 stops had been conpleted,
ror i0 subjucts réceiving their flrat exposures with eyes open during the test, an average
of about 14 stopiu win ruquired before slight naugea occurred. With eyes closed ah average
of 38 stops was required, A similar test with aubjects viewiny within a stationary stripea
drum was used by Graybiel and Lackner (198U). 1+ has been found that susceptibllity to
slekness with this test increases Lf the gravito-inertial force level is decreased to zero
G er increased to 2 G (Lacknher and Grayblel, 1983).,

McCabe and Gillingham (1964) placed cats within a mould, sc as to restrict movement,
and subjectad them to rotation about a vertlcai axis followed by high rates of deceleration
{up to 38 rad s’; 2160 degrees s™*}, None of the cats became slck wlth thla stimulus but
thuy were made sick by vartical osclllatlon (see Section 3,1,/). %whis led the authors to
con ~Lude that the oroliths rather than the semicircular canals were reaponsible ftor motlon
slekneas.

Qasenkopp and Ossenkopp (1990) concluded that 20 minute periods of body rotation on
a turntable at 70 rpm with 1b secc dy on and % seconds off caused motlon sizkness in guinea
pigs.  Corcoran et Jal (1990) cowpared susceptibllity to sickness of rhesus monkeyn and
squlrrel monkeys when oxposed to cont inuous totation (4% minutes at 2% rpm) and when
vrpooed Lo sudden-stop rotation (4% minutes with gudden stops every 30 seconds) . Nune of
the rhesus monkeys became slck in eithor condltion but all of the squiriel monkeys became
sick oin both conditions, (The squirrel monkey ts in the game taxonomic order as man and
hat best used as a survogate for humans ln many experimental studles,)

rhe motion sickness arislng from rotatlonal acceleration is greatly influenced by the
vioual fleld (see Section 10). Head movement may have also contributed to the reported
aigns and symptoms in some of the above studles (see Section 8).

5.3 Complex rotational motions

'Double rotation’ has been used to study some behaviorel responses of rats which are
thought to be indicative of motion sickness (Morita et al, 1988 a, b). Rats are unable tn
voult and so some other indication of sickness 1s required, The expostres to dorble
rotabiun were generated by placing the tats on a small turntable 25 om off the axis of o
secotd turntable. While the smaller upper turntable rotated continuously at 80 rpm the
lower turniable alternately accelerated to 25 rpm and then Jecelerated tu a stop the
rasponees of the rats suggested that this double rotation was more nauseogenic than o' _pm
rotatfon of the upper turntable alore, Removal of the vestibular system appeared to
prevenl the rdats from experlqncing sickneus,

Ancther complex form of motiun used to provoke sickness in animals has combined
constant speed rotation abcit the vertical axis with vertical osclllation (Ordy and
Brizezee, 1980)., Using a sinusmouidal 0.5 Hz vertical oscillaticn wlith an excursion of 152
mm (about 0.5 ms™? r.m.s.), squirrel monkeys were rotated at either 10, 25 or 50 rpm for 60
mivutes. They had a clear viow ot the laksratory and were able to make small movements
within thelr cage.. The 25 tpm condition caured the greatest sickness: 89% vomiting at 25
rpm compeved with 21% at 10 rpm and 71% at 50 rpm. Covering the cage to eliminate visusl
rues reduced sickness and there was some evidence that m.'2 moikeys suffered slightly more
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from slckness than femalea, A separate experiment indicated that ablation of the area
postrema of squirrel monkeys inh'bited their motion sickness response to this type of
nution (Brivaee et al, 1980),

6. OFFr-VERTICAL ROTATION

Hotation about an off-vartical axis produces a !rotating linear acceleration vector’
from the force of gravity. Unlike constant speed rotation about a vertical axis, this
producea aensations of turning and nystagmus which persista throughout the rotation, but
little o1 no post-rotation effects. Rotatlon about an off-vertical axis can also be highly
nauscogenic, When rotation occurs about a horizont =~ axis, the term ’‘barbecues-apit
rotation’ 1s sciietimes used. Jchnson (1954) found rha- '‘ha use of thls type of rotation
combined with head movements in the corvorlal or sagittal plane could produce sickness in up
to 95% of persons within five minutes and that sickness could ue Induced within 15 seconds
in some,

Pendor: and Bodin (176%) veported that rotation f subjects on a stretcher about a
horizontal akis for 3 to 4 minutes was likely to produce nausea with rotation rates of 40
to 60 degrees per second (7 to 10 rpm), Using }20 second periods of rotation about a
horizontal axis with rates of 10 and 3G rpm, Correla and Guedry (1966) repoit that twelve
of 20 subjecus were unable to complete the experimental sequence due to wotion unlcknnss,

Graybiel and Miller (1968) rotated norma' sub jects and some with labyrinthine defects
on a chalr tilted by 10 or 20 degrees from the vertical. All but six of 66 normal subjects
reachad moderate malalse A (M IIA) (see Tables 2a and 2b) with a 10 degres tilt and a
sequence of rotations incrementally increased to 25 rpm over 65 minutes, More than half
reached thls end point by 12.5 rpm over about 30 minutes. None of flve subjects with
labyrinthine defectn developed symptoms of motioh sickness. Grayhiel and Miller (1970)
report similar reasults and show that there was a high correlation between susceptibility
to slcknese with this test and susceptibllity tou sickress as indicated by the Coviolls
Slckness Susceptibility indexr, CSHI (see Sectlion 8,2.1).

The effect of varying the rate of rotation (from 2.5 to 45 rpm) about a 10 degree off~
vertical axias, and the effect of varylng the angle of tilt (from 2.5 tu 25 degreea) at a
rotation rata of 17.5 rpm was investigated in a small number ¢f blindfolded subjects by
Miller and Graybiel (1973), There was little or n» slokness with either a 2.5 or a 4
de¢ree tilt and some subjects were insenaitlve at rotation rates above about 30 rpm,
Greatest susceptlbility to motion slckneds occurred in the range 15 to 2C rpm with all four
subjacts reaching ‘moderate malaise A’ {l,e. M ITA} within 1% minutes with a 10 degree
tilt. "he authors notm that thls rangs of frequencies is similar to that giving greatest
susceptbility to vartical osecillation, As the angle of :ilt Iincrvased from 2.5 degruves
to 25 degrees an increased susceptibility to sickness was shown by reductions in Lhe time
to reach M [IA,

Graybiel and Lackner (1877) found that 60 wlnuten ot roration about an earth
horigontal axls at 30 rpm caused slckness but that rntating the body 10 deyrees head-up or
10 degrees head-down did not differ from rctation in che horluontal position,

Lentz and Guedry (1978) describe the ’Tilted-Anis Rotation Test? (FART) in which
blindfolded standing persons sre rotated about their z-axis while they (and the axis of

rotation) are tilted at various angluy. e the infvial trial, a vertical aub'‘ect was
acvelerated at 2% dey.' ’ to a spoed of 60 dey.s ' (10 rpm) in the clockeisu direction,
After 30 s at constanl velocity the sublect was decelerates te a stop at 25 deg.s 'y Inoa

asecond trlal the rotation was the game ercept mution was in the counterclochwive direct Lon,
In the Lhitd aml tourth trials the axlo wan tilted 10 deqgrees off~vertiaal, In Lhe Ti{th
end aixth trial the device way aceslurated at 2% dog.s * to 102 deg.s ' (17 tpm) . There wag
an ‘nterval of 5 minutes between trials,  Lentz awml Guedry state that it was not uncommon
foo subjecls bto terminate tho test prior to complel on,

Leger el al (1981) exposed wubjecta to % minute periads of 20 rpm with rotation akour
a lhorizontal axis through the three axes of the body (the x-, y-, and z-axes) and witn
three visual condlitions (blindtold, internal trame of releroace and vxtornal Frame of

reference) . There were reportys of slokness during 9%% of the $9 conditluns elperienced by
11 subjects, There was no siqnitlican. diffetenco according to whether tha rotation about
the horlzontal axis occurred about the x-axisn, the y-ax{s, or the z-axis of the subject,
There was less sickness with the external visuil t1ame of reference,

With rotation rates between 4 and 17 rpm, Mowrey and Claywon (1982) used the
prevocatfon provided by 6 wminute exposures In an fnclined rutating chailt to assess the
effectiveness of glnger as an antli-motlon slokress agent. They state that none of the 36
subjects was able to stay in "he chalr for 6 minutes when glven a placebo wheveas half ot
the nubjects survived 6 minutes expoasures after concuming powderad ginger.

Oft~vertical rotation (25 cpm For 30 or 60 minutenu at an Inciination of 20 degrees to
the vertical) has also bmen used to study motion sickness In bhe rat fsee Sutton et afl,
19ae) .,

The perceptlons of » .4y movement during rotavlon about an axis inclined tn the
vertica! ate discuszed by Denise et al (1988), Thaye authors reported that using a
rotation tate of 7.5 rpn with inclinations between 5 and 30 degreey, most subjects reported
sickness after a deluy ranging from less than two minutes to more than 45 minutes,
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Cheung et al (1990) tumbled subjects head-over-heela about an earth-horizontal axis
at a rate of 20 rpm for up to 10 minutes to determine the effec:a of fitness training on
motion alckness susceptibility. They found no difference betweer males and femalea but an
increased sunceptibility to sickness after fitness training.

7. ROTATIONAL OSCILLATION

7.1 Oscillation about a vertaical sxis

Mocre et al (1977) desvribe a 'Visua.-Vestibular Interaction Test’ (VVIT) in which a
snated subject ls oscillated in yaw (l.e, about hia z-axis) sinusoidally at 0.02 Hz with
1 peak anguiur velocity of 155 deg.s'', (This corresponds to a rotational displacement of
approximately +3.4 rotationa). Duriny rotation, the subject identified the co-ordinates
of numbera shown on a viaual display within an enclosad cabin, Lentz and Guedry (1978) say
that the motlon itself, when experienced with aimple visual displays or in darkness ia not
disgturbing, They say the problem arires when the motioh-induced nystagmus is smuperimposed
on the saccader required during shifts of visusl fixation and that nausea tends to bulld
up slowly on successive cycles of motion, Lentz et al (1977) reporied that a five minute
axposura tc the test was rore provocative of slokness than the Brief Vestibhular
Dlsoriwntation Tus. (ovui, =~ ues Sectlon 8.2.1. There were significant correlations
between the results obtalned from the VVIT and the BVDT. ‘'rhere was algo a low, but
statistically significant, correlation with results of a4 motion sickness questionnaire
indicating experience of gicknaas .n varlous forms of transport.

Guedry et al (1982) pruecented seated subjuects performing a head-fixed visual gearch
task with 5 minute exposires to two types of mlnusoidal yaw oscillatlont 0.02 Hz at 2158
dag.s”' per second or 2.5 Hz at 220 deg.,s', While osalllation at 2.5 Hz produced no
convineing signs of slckhess, the oscillation at 0,02 Hy was highly nauseogenia. BSix of
51 subjects falled to complote the 5 minute expoaure to €.02 Hz and 4 vomited) 75% of the
subijects reported scme relevant aymptom, The authors also exposed the suhjects to croas-
coupled (i,e, Coriolis) atimulstion produced by ten 4b% degree head movementa during a 5
minute expogure to 15 cpm and found thls somewhat less nauseogenlc (see Sectlon 8,2.1).

X Igarashl et al (1986) provoked sickness in squirrel monkeys by wseillating them about
a vertical axis (at 0,25 H» with an amplitude of 90 degrees and veloclty of 141 dog.u'!)
whice tliey were within an optokinetic drum rotating with the same motion but a 45 degreo
r-hase lag., When the motlion occurred about a vertlcal axis there was vomiting in 13.,3% of
the atilmals, whereas when the motlon occur:ed ahout the horizontal axils there was vomlting
1n 50,8% of the animals,

tackner and DiZio (1989) exposed subjects to 40 deg.s constant velovlty rotation
akout a vartical exis with the direction sf rotation changing (at 300 deg.a™?) every mlnute,
When tosted wearing a helmer which doubled the inertia of the head, ail eight subjecta
enpurimnced nultra, but whan tested wlthout the helmat thare was no nausea,

7 2 Oscillation about a herisontal axias

Motton el al :194") used a ‘roll-pitch rocker’ to expose subjects simultaneously to
o1l wmotion (“hrough 25,5 degrees) and a comblined pitch ani vertical motion through 3.6
tetras at the end of a 4.9 matre .arm of a see-aaw, Ouclllation on the see~saw alone at
N 32% Hz rasulted in 40% of subjuets vomiting, whereas wlith this mot{on combined with rall

myticr av 0,08 He, 33% ¢f subject: vamited, The 1llnecus reten were saimllar in buath
condlit bangd and the authcrs noncluded that vert ical motion from the scesaw was tho cause of
the aickhesy, Agnumis | sonueoidal vertical motion, the motion slcknesa dose value
procedire wouid predict aboul 16% of petrsons becoming slck durling o 1 hout exposute to thiy
mot lon,  “ifokness was aliqghtly areater when the acesaw osci!lated at about U016 Hz, ond
lower when 1 oscillated at aboul 0,09 Hz. I'f the ful! 3.6 metres of displacemant was used
at all frequencles, these change: with [requency are consafstert with motion alckneass baing

cawg:d by ve-tical oselllation and ponaibly conulstent the motinn gickness dosv value
prooedure,

Tga~ashi et al (1987) exposed aqulrrel nonkeys ro usclllatory motion about an escth
horivontal axls while viewing within an optokinetic drum ogeiliating in Fhe same axls and
by the same amount bubt with a 45 degren phase difference. oa:dllation at 0,25 Hz with an
amplitude of 90 degrecs provoked sickness in normal monkeys but war decreaded in those with
aurgliral removas of otolith end organs.

McCauley et al (1976) investlyated response to pltch and roll motlen at 0,115, 0.230
or (¢,34% Hz wlth magnitudes in the range 5.% to 3.7 deg.s"” r.m.a. when the rotational
mot lonyg were added to 4 vert!lcal motlon »f 0.25 i at 1.1 ms” r.m,s., the lhuidence of
sikness way not significantly different from the incidece of sickniass wilh the vertical
mot ion alone. No subject vomited with roll motlon aione (33,3 dea,.s” at 0,34% Hz) bul two
subjects womited with this magnitude of pitch. The authors c¢onclude that the results
aupport the view that vertlcal motion i{s the cause of seasickiess and iLnfer that head
mot fon during vertical osclliation may not contribute Lo sickness,

"he effects of rotational osclllation about an earth-horisontal axis ac 45 degrees to
the x-axes and the y-axer of seated sukjects was investinated by Koinick and Bles (1989).
Over 35-minute expusurea to oscillations (i0 degroaes peak at 0,025 Hz, 0,1 Hz and 0.025 &
+ 0,1 He), ~ubjects performed varisur tasks and rated subjective aymptums. No subject
vomited but symptoms increased with exposure time and were greatest when there was no
outside view. The provislo: of an artificial horizon reduced motion alckiesa symptcns.
The taska included a requitewent to meke 45 degree head movements and the authors speculate
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that Coriolis ettects may nave contributed to sickness.

8. CORIOLIS, OR CROBB-COUPLED, STIMULATION

8.1 Principles of aross~-coupled stimuli

1f, while the body undergoes constant speed rotation, the head is rotatkd about an
axis other than the axis of constant speed rotation, nausea and other classle nymptoms of
motion sicknsas nay appear, Moat commonly, the subject is rotated on a chair about the
vertical axis and required to make pitch or roll movements of the heud, 1In the sensory
vonflint theory this iy assumed to arise from the otoliths sending the correct information
on head movemants while the semiciroular canals give a false indication of huad movement,

The ' false’' indication of head motion produced by the semicircular canals arises when
a canal la rotated so a8 to change tne extent to which it ims within the plane of the
congtant speed rotation. Conslder, for example, s vertlcal canal with constant apeed
rotation gocurring about the vertical axia (L.e, In yaw) 8o that the canal is not in the
plane of the rotation, Assume the canal 1y then rotated forward in pitch, so as tn becoma
horizontal and ih the plane »f rotation, The rotatibnal velaoity of the canal will have
changed from zetrc Lo the velocity of the conatant speed rotation, ‘'rhe fluild within the
vanal (i.e, endolymph) will need to accelerave to reach the sy ad of rotation, Uni.il this
speed ls reached the endolymph will deflech the cupula and so indicate that there has been
a ¢hange o! rotational veleaity in the plane of the canal (l.¢, In the yaw azis of the body
but in the roll axis ol the head, for pitch head movements). However, the only movement
uf the head contalning the canal has been in the pltch axis, 8o, while the semlcireular
canals indicate piltch and roll rotation of the head, the otoliths and proprloceptlive
information indlcate only a pitch motion of the head, In smumasary, when a petsna la sxposed
to continucus rotation about ono axls and makes a rotary movement of the head about a
yocond axis, there in a foeling of being rotated in a plare approximately orthogonal uo the
two true motlona.

The above illustration is only a aimplifled intrcduction to the cross-couplud effact,
Vor axample, it la also necessary to cotsider the slgnals that arise from cenais that leave
the plane of rotation. VFor a canal orientated horizontally and eoxposed to rotatdlon at
vorstant speed for about 30 B or more the endolymph in tns canal will pe rotating with the
walle ol Lhe canal and wlll Lhenh cause ho deflectlon of the cupula. 8uppose that the cvanal
lg now totated in pltch while stll) undergoing conastant spead rotation about the vertical
axie of the body., When the canal becomes vertioval thers will be no rotation in the plane
of sensltavity of the canal. ‘The decrease in rotational velocity will result in the
endolymph deflocting the aupula,

For pitoh head motions while exposed to constant speed yaw rotation wf the body, the
behaviour of canals in the roll and yaw axes of the hwad may follow the above genexal
axplanatlon. A canal msensitive to motlon in the pitch axix ol thu head would remain out
of the plane ot rotation ab all tlmes and would indicate head movement as if there wam no
conatant speed rotatlon, Tf the head were to be rotated in roll while undeargoing conatant
speed yaw rotatlon, the 'ervonecus’ slgnals would aripe from canals senxitive in the pitch
and yaw axes - a canal gensitive in the roll axis would give Lhe same roll mignal as in the
absence of constant speed rotation, In practice, the semicircular canals arm not truly
orthrgunal and aligted ih the pitch, roll and yaw axes of the head, Coneequently, some
change will be indicated by all three canule during must head motlions, It is assumed that
the adaplive processing of signals from canals allows for the resolutlon of the signals
Llnto pltceh, roll and yaw motlouins ol Lhe head (see Section 8.2.2).

The vensory conflict explanation of sickness produced by crosa-coupled stimulat jon
Ustially assumes that the otoliths ylve a signal dependent on their orientatlon wilh respect
to gravity and are unaftfected by the constant speesd rotation., However, as the otoliths
move away lLrom the cuentre ot rotation there will be centripetal torces and translational
aceeleratlon.  These might be slgnificant in some cases.

The directlon of the Llludory sensatlon lntioduced when the semi-nircular canals entet
and leave the plann of rotation can be envisaged without mathematical derlvations, BSuppose
the constant opeed rotatlon is in the clockwise direction (looking down on the subject) and
the head s rulled to the lefl, An 'idesalised semi=circular canal’ orientated in the roil
plane of the head 1s not in the plune of cons.ant apeed rotatlon at any time during the
head movement., The signals given by this canal are therefore the samn as in the absence
of constant speed rotation, A vanal orientated in thae pitch plane of the head enters the
plane of rotation when the head is rolled to the left and willl incicate an increass in
pitceh veloeity. 8ignala from thi- canal would not occur with this head movement in the
absence of the constant speed rotation, The yaw cahal which leavea | he plane of rotation
will Indicatr a decredse Lin veloaity - again, a change which would not occur Jn the absence
of constant speed rotation. The overall imprension cauned by a pure roll movement of the
head is a combined movement Involving roli, pitch and yaw, Figure 12 provides a
diagrummatic 1llustration of the signals that may be expected from canals orientated in the
roll, piteh and yaw axes of the head when making a roll movement of the head during
congtant speed rotation. The saml-circular canals are not capable of detecting constant
speed rotation: in Figure 12 it ir assumed that the head has bean held stationary during
conatant speed roLdation long encugh for the effect of any previous head movement (and t.he
original acceleration of the turntable) to have decayed, The cecay in turning sensation
after the roll movement Ls showh in ihe figure,
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8.2 Nature of practical cross-coupled tests
various putpose-built devices and proprietary Angular

Angular veloglity

rotating chairs, often deaigned for vestibular veloolty ———  Turning sensation
tuniction test3, have peen used to generate croas- w
voupled stimuli., The test is usvally condvcted with x R |
geated subjecte rotated about their vertical axia oll cana
(1,8, yaw rotation about their z-axis). The
principal variablern involved in the test are: 0
) rate and direction of rotationg
(}L) direction and gngif of Fead m%vem;nté W
[RS8 ] frequency an uraticn o Ba
X novament; Y| Pltch oana
(iv) viaual nonditlanas}
(v} gravitational force; 0 . \\\‘~\\
(vi) end point of test.

The full influance of all variables has not been W,
exhauslivaly studied but socme general conclusiona Yaw canal
eppear possible,
8.2.1 Effect cf rate and direation of rotation 0
The nature of the crossa~coupled stimulation ls -
auch thalt greater rates of tocatlonh would be expected
to produce greatar magnitudes of 'lllusory motiona!
antd, presumably, & higher inclidence of nlckness, .wl

ey T|Me@

Dalng 90 iegree movemants of the head, Miller
and Groybiel (1969, 1970a, 1370b, 19700, 1914)  Tiguze 12 Angular ~velocity of
inventigated sldkness as 4 function of rotatlonal  demi-circular canala and sensation
velooity from | to 30 rpm (i.a, 0,0166 to 0,5 Hyy 6§ ©Of turning produced by :oll head
to 180 deg.s"'), Biindfolded wubjects made movements motlon durlng | conastanu spead
o tha Eront, tight, back, lefit, front returning te  rotation about Lhe z-axis of the
the uptight between cach movamsnt and holding each  body. (Idealised canals in the
head position for 1 a, After completing this  ¥oll, pltch and yaw planex of the
sequence of 5 head movements in 14 g they pathed far head. Atter Benson, 1984),
20 before tepeating the same wserles of head
metiona, There wers latge lnter-subject differences with some subjects glving useful
rosults in the range 1 to 10 kpm while othors could be testad over the range 5 to 30 rpm,
Nevettheless, for all mubjects the numbar of head mevements redquired to reach both !seveare
malaime’ (M 111) and ‘'nmoderate malaise’ (M 1A}, decreased as the rate of rotation
inrroased, (The system used to identlfy and rate the aymptoms of motlaon sicknesa was that
dovalopod by Graybiel et al, 1968t sne Tables 20 and 2b). Presanting the data on
logarithmic acalns showed that there was at leaast a 10311 difference in the number of head
movements required for moderate malalse by the most and least sensltlve subject at a fixed
rate uf rotatlon, DifFerent subjects showed similar rates of decresse of the logarithm of
the numbar of head movements with the logarithm of the increase In the rate of rotation,
The average slope appears to have bsen such that there was an inverse reslstionship between
the number of head movements, N, before moderate malalme and tne rate of rotation, R,
ralsed to the power of 1,7,

MLller and Graybiel determined the ‘avarage stressor effect’ (E factor) of a slngle
head movement at vach rotatianal veloeity fot both moderate malalse (M ITA) and for severe
altatse (M LY} Valuwn for other doyrees of maieise were also determined (MLl1ler and
draybiol, 1970¢, 18%4) ., The ftogardtbwle relat ionship between the B factors and chalr
velocity ten {ive levels of motfon sfckiess saeverity are ahown in Flgure 13,

The Cotlowlia Slekness Suncept [WiTTty Index, C851, was defined as Lhe produch of the
AVl age streasor aflect of o albgle hesd movement (i factor) with the number of head
movement soreigalre! to moeot thoe deglred notion sleknesa endpoint:

CEEl ~ 1 ® N

The value of B can be obtalned from Flgors 13, Alternatively, C881 values can be
caleulated from Lhe tollowing equat lonat

S1ight malalse (M 1) US8I,, = 0.,00536 R™* x N

Moderate malaise B (M [1B)1 Iy e ™ 0.00304 RVEY ¢ N

Moderate malalse A (M I1A): CHS1y g, = 0.0D206 R x N

Savere malaive (M LLL)h e USL Ly g1 = 0.00L04 R"* »x N

Frank aickness (FC)1 CS8I,. = 0,00045 R™ x N

The dndee way arranyed so that practleal CH81 values would fall within the range 0 to 100,
with georen lhereeslng for less susceptible subjects, A value greater than 100 would be
ob! alnad by 4 subject who required more than )50 head movements to reach moderate malaise
at a revulution rate of 30 tpm. High USSI values indicate that a subject is resiatant to
motfon stckoess while low 1581 values indlcate high susceptibility,

The Corlolis Slckneas Suscaptibility Index provides a means of quantifying individual
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rigure 13 Relatlonship between the B factor and chulr veloclty for flve levels of
motlon slckness severity., The F factor Indicates 'avarage stressor effaect’ of a
sihgle head movement at sach veloclty. (soe Mlller and Grayblel, 1970c¢).

susceptibllity to mlokness by determining the number of head movements required during
rotatioh at any rotation rate hetween 2.5 and 30 rpm to cause a defined degtce of malalsu
{on the scale shown in Tables 2a and 2b, Grayblel et al, 1968)., If the CS2I value for a
subject Ls known it hecowmes pussaible to predict the rate of rotatlon that will be requlred
to cause the required moticn slckness endpolnt withln a deflned number ot head movementa,
Miller and Grayblel (1370c) suggested that moderats malalse (M [IA) ylelded the bent
balance between subjsct acceptability and test confidenoce.

The (881 values reportad by Miller and Graybilel (19649, 1970a, 1970b, 1970c¢) woro
determined with bllndfold subjects and the pattern of 90 degree hoad movemants described
above, Cther visual conditions or other typas or patterns of movemeant may not provide the
aame values.

For severe malaise (M LIl), Miller and

Grayblel {1969) found a high test~retest Pergoentage with C88I value

rellabllity when CBSSI values were obtained on 100 N
two occaslona. Uslng 250 nhormal subjects

(mainly aviatlion students and fllght croew) thuy

found that the distribution of ¢S881 values was 8ot

highly skewed such that while the mean value
was 15,3, the median waa 10,0 and the mode 7 to
8. PFigure 14 Jllustrates the cumulative
diastribution of 0$81 wvalues In the group. Ly
Miller and CGrayblel (1974) report.  almost
fadent teal distributions Fer all four levels o
malalse (M T, M L1B, M IIA, M 111}, Calkina ot aof
al (1987) used a logarithmic transformation to
reduca the skew in the distribution ot o5
valuues, They also showsd that after Lhe
application of this transformatlon there waa a 20}
'tegpectable rellabllity’ in CE81 values an
indicated by two successlve exposures of

subjects to the test. Miller and Grayblel 0 N . . "

(19700)  showed that there was a high

corralation between the 88! values of subjects 0 20 40 60 80 100

across five motlion sickness end pointa, Corlolls Blokness SusoepHetitty index
Figure 14 Cumulative distribution uof

Tha 881 index implies that a doubling of d .

the revolution rate will have a greater effect CSb; values tf afffﬂ%? °€ 250 OVlﬁﬁ$$q

thar doubling the number of head motions. For S?uraTguti an 1 hl(%l ﬁfewﬂl - tne

example, a three fold {ncrease in the rate of 155jr udiyn. fh 0 9 ﬁ 2 :wff a mﬁd?}

rotatlon is approximately egulvalent to a slx-  (2: - hecani -5, ! Ef ?' 196;) » Data

told increase in the number of head movements. From Miller and Graybiel, :

Kohl et al (1986) defined a procedure for calculating the value of the CS8I when
subjecta have been exposed to a sequence of motions in which the rate of rotation has been
gystematically increased,

The application of croas=coupled stimulation requires prior judgement of the rate of
rotation which will result in the desired symptoms with a reasonable number of head
movements., Miller and Grayblel (197Q) explain how responses to a questionnaire may be used
to determine both motion experience and susceptibility to motion sickness and hence select
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an appropriate ravolution rate for each subject, ‘They astate that when M ILLI symptoma
{savere malaise) occurred within 40 to 166 head movements, the signa and symptoms developed
gradually without the hazard of prevoking frank sickness (vomiting). Conasintent with the
data in Figure 14, they found that 50% of subjects reached severe malaise with a CBSI of

The dependent variable in cross-coupled vestibular stimulatjon studies can be either
the degrea of nausea produced by a predetermined stimulus or the stimilus required to
produce a predetermined degree of nausea, Whon the atimulus is predetermined, some scale
suych as the scale shown in Takles 2a and 2b (Graybiel et al, 1968) may be used. 1f the
andpoint is predeétermined, some measure of the stimulua severity is required, This could
be the number of head movements required when aexposed to a constant rate of rotation,
Howaver, with the wide lnter-subjeot variability in susceptibility to mickness, it ls often
convenient to increase the rate of rotation as the test proceeds 8o as to he sure that moet
peraons will produce the deajred symptoms, A cumulative measure (such as total number of
head movemdnts executed before reaching the endpoint) ocan atill be used so long as all
subjects recelve the same sequence of concditions, Ancther advantage of this type of tenst
is that it im possible to pravent subjects daveloping severe symptoms by terminating the
exposure when the signs or symptoms are iess severe., Consequently, some studies have
chossan to use fixed rates of rotation while others have varied the rate accopding to
subject responass,

Some studies suggest that the maghitude of the effect (e.g. perceived tilt) when
making head movements in & rotating environment are linearly related to the rotational
vclocgty (Guedry and Montague, 1961). Studies in a slow rotatlon room showed that more
head movements wers required before subjecta habituated to Corlolls stimulation at higher
rotation rates if the rate of rutation was increased by fixed steps {see dection B,3 and
Reason and Graybiel, 1970), More head movements were recuired to habituate to the change
from 9 to 10 rpm than the change fyrom 3 to 4 rpm. Reason and Graybiel (197V0) recommend the
percentage ot tatal head movements appropriate for saah rotatlon veloclty from 2 to 10 rpm
whenh using 1 rpm increments in rotational velooity, Using this information, Benson et al
(1971) devised adaptation schedules ln which the increment In rotation rate decreased sy
the rotation rate lncreased so that the number of head rotations required was similar st
each new rats, ‘'They provided experimental supporl for the method for rotatlon rates From
3 to 5.9% rpms¢ Golding (1989) comparad results obtalned with fixed and variable inarementa
as proposed by Benson et al (1971). He concludes that the findings from both methods are
similar if the severity of the astimuluy is expressed ams the integral ovar time of the
rotational valocity experienced (equivalent to the product of the number of head movementas
and the rotational velooity),

The Brief Vestibular Disorlentation Test (BVDT) desoribed by Ambler and Guedry (1966,
1968, 1971, 1978) and subsequently employed in many studies, used a Fixed rotation rate of
15 rpm (90 degrees per smecond), After 30 s at constant vaelocity, a seated subject with
closad eyes makes 45 dagrea head movements every 30 s In the orderi right, upright, left,
upright, right, upright, left, upright, forward, upright. On completlon of the soquence
{330 n) the motion is stopped and the subject opens his eyes after sensatlons of movement
have ceased, Guedry (1968) says that the results of twsting 500 atudent pilots with this
test showed that cobservers judged that only 5% of subjects remained unaffected after oix
head movements. Ambler and Guedry (1971) show that the test could also be conducted with
a -lower rotatlon rate (10 rpm) with the benefit of less subject disturbance, Banta et al
(1987) demcribe a modified vermion of this test: the subject is exposed to conatant
clockwise rotation at 18 rpm with eyes closed and the head tilts relative to the plane of
rotation svery 30 s for a tot.al of 10 minutes or untll the subject tormlnates the exposute
due to symptoma of motion sickness,

Studies uasing variable rates of rotation Include a series of experimunts In whlch the
responges of the autonomic nervous sdystem reaction to motlon sickness have been studied
{e.g. Cowings et al, 1977, 1986, 1990). The procedure ia similar to that proposed by
Miller and Graybiel (1969): blindfold subjects ars Initlally rovated at & rpm and
incremented by 2 rpm every 5 minutes up to a maximum of 30 rpm, At 2 3 intecrvals
throughout each 5 minute period, head movemernts are made at 4% degrees in each of four
directions in response to recorded volce inatructions. A subjective scale of motion
slvkness severlty was adminlstered at the end of each five minute period while the head
movements were stopped but the chair continued to rotate, The time to reach severs malaise
(M II1}, or the number of rotations to rmach this degree of severity were used as the
dependent variable., It appears that the exposure durations before reaching this endpoint
ranged up to 55 minutes with a medlan of 19.5 minuten among 4 mixed group of 127 maley and
females (Cowings et al, 1986). Stott et al (1984) required subjects to make 45 degree head
movements while axposed to 4 rate of rotation which increased at 0.1 deg.s? until 15 rpm
was reached (aftet 15 minutea); this rate of rotation was then maintained for a further b
minutes, Subjects who had not taken active drugs required the motion to be stoppad after
an average of 11 minutes.

Thera apppars to be no particular virtue in using clockwise or anticlockwise rotation.
Varying the direction of totation has sometimes been used to reduce the chances of subjects
habituating to the motions (e.g. Miller and Graybiel, 1970). Guedry (1965) expoased nine
men to 10 rpm of counter-clockwise rotation in a slow rotation room for 12 days. The
subjective effects (vertigo, nausea and stomach awareness) caused by head movementa while
oxposed to counter-clockwise rotation decreasrd, One hour after the end of the 12 day
continucus exposure, the effects of head moveme:nts while exposed to clockwise rotation were
unchanged from those while exposed to clockwise rotation beform the 17 day exposure to
counter-clockwise rotation. Two days later, responses to both diractions of rotation were
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diminished, bat J wmonths later responses wers similar to those before Lhe 12 day exposule.

0.2.2 Effeot of fraequenay, direstion and angle of head movement

As the semicircular canala are not truly orthogonal and aligned in the pitch, roll and
yaw axes of Lhe head, the offect of roll and pltch movemants of the head do not have
equally provocative effects and the greatest aeffect is not produced by a 90 degree hwad
movemant .,

Whareas the Brief Vestibular Disorientation Teat (BVDT) uses 45 degree head movementws
at 30 a intervals, the Coriolie Sickness Susceptibility Index (CS8I) involves 930 degrea
head movements at 1 8 intervals. In some taests the angles of head movement have been
measured precisely whereas in many they have been based on loose verbal lnstruotions,

Lents (1876) described a chair in which headrests positisned the head either in a
normal upright puaition ~ with the lateral semicircular canals in the plane of rotation -
or with the head rotated 90 degrees forward and 45 degrees to the left mo as to place a
palr of vertical samicirculayr canals in the plane of rotatlor, This chalr was used to
study turning sensations (not to produce motion sickness)., Bubjects malntained their heads
in one of the two positions throughout a 2 minute axposure tc 18 saconds of acceleration
(5 deg.87), followed by constant velocity rotation (90 degreas.”'y 15 rpm, followed by
develeration (at 5 deg.u™?),

Tavior et al (1957) describe a test in which blindfold nubjecta were strappad in a
supine pesition on a turntable rotating in the horivontal plane ak 30 rpm, The hnad was
moved mochanlecally throuygh a vartical arc of 36 degrees and back with a oycle time of 24
seconds,. The authors stata that thia test produced nausen and vomiting within 2 or 3
minutes in subjects unaccustomed o the motlons of alroraft,

8,2.3 Effect of gravitational forea

Lackner snd Graybiel (1984, 1986b) found that the astrength of aymptoms induced by
vrosp~coupled stimulation were dependent on the gravitational toros. When thip was reduced
(during flight manoeuvres or in apace) the stimulation 'vas less eoffective, When the
steady~mtate foree field was inoreased the effects were increased. They buggest that the
effeoct may be partially due to reduced effectlveness of semmiciroular canal function when
thare I8 reduced otollth signals, Additionally they sugguat that the changus in motor
aontrol ahd senasory feedback required with different accelsratlion fiwlde may be relaevant,

8.3 Blow gotation room

Varivus studies have been conductod in which subjects have been placed in rotating
roomy rather than on a rotatlng seat, 'Slow rotation rooms’ 15 or 20 feet in dliameter and
7 or 10 feet high allowed the provision of agcomnodation and the abilitg to expose subjects
for periods of several daya. The rooma ware aonstructed te provide information for manred
orblting watellites, Grayblel (1969) sald that rotation at 1 rpm givesw little or no
distﬁrbanae of vestibular origin but "at 10,0 rpm it {3 vomparable to exposure on rough
Suas’,

It has been tound that there can be adaptation to the occulogyral {llusion in o slow
rotating room ovar a few days \Qrayblel et al, 1961}, There iz evidence that habituation
to motion sickness acquired while stapding parallel to the axis of rotation hrahafers to
the orientation with the subimet at rignt angles to the axis of rotation (Graybiel et al,
1968}, drayblel ot a] (1969) found that incrementing the rate of rotatlon by 1 rpm per day
up to 10 rpm resulted ih no overt aymptons of motion aickness whareaa sudden exposure to
10 rpm lnvariably led to motion micknass amony subiects performing set tasks., AtlLempts to
hahituate to 10 rpm over shotter periods were unaucceassful, Uslhg rotation rates of 7.%
and 20 rpm Araybiel (1970) found no difFference in susveptibility to motion sjukness batween
bilind and normally sighted peraons - although sighted persons tended to be more susceptible
with their eyes open, Ooastervel.d et al (1372) found that 19 subiects were tore nuscept lble
ta slckrnesd when making head movements in a rotating room with eyes open, three were more
suscopt.iblea with eyes closed and two ware equally susceptible in the two conditions,

The slow rotation roum han also been used o evaluate the offectivenesa of some antl-
motion sicknesa drugs {e.g. Weod et al, 1966; Wood and Graybiel, 1968, 1370y Graybil.l et
al, 1976, Grayblel et al, 198]), In a typlcal expsriment, subjects seatead away frem thy
centre of rotation, were required to perform tasks requiring head movements in roll, pite
and yaw. In a control condlition, the rate of rotation was increased (from 1 rpm up to 27
rpm in 1 rpm ateps) until subjecta axparienced sovere malaise (M 11@) within about 40 head
movements, The number of additlonal head movements podssible with this rate of rotation
aftex the consumption of drugs was used as the measure of druy effectiveness, Graybiol and
Knepton (1378) reported mixed success ln providing habituation to motlon sickness amony a
omall group of ajircraw in a rotatipg room,

9. OTHER COMPLEX NOTION CONDITIONS

The motions in many forms of tranaport are causaes of motion sickness {(see Table )},
In moat transport env.ronments there are motions in several axes of translation und
rotation and the motion occurs at more than one frequency, For many envitronments the
directlons and frequencles of the motlon primarily responsible for sicknesnm have yet to be
proven beyond reasonable doubt,

Seasickness '8 often primarily caused by low frequency vertical motion (wee Griffin,
1991;, Howaver, the vertical motion is partially caused by the pltch motion of shipa so
the incidence of vomiting and illness is usually highly correlatsd with both the ve<tical
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wolion and the pitch motion wi vessely, dirce sed conditions which lncrease the pitch and
the vertical motions of vessels alsc ircrease the motiona in other axan, there can bo
atatistically significant correlations betwesn the incidenne of mction aloknesa and the
vesnsl motions in all axes, The truaveller suffering from ssasickness may not ba able to
identify the axis 6F motinn causing the problem,

The 'ride' in road vehicles, and efforts to improve the comfort cf person in road
vehiclus, is domlnated by consideration of the effecta of vikration at freguencies in
axcess of ' Hz, Howe'ar, there is no evidence that oscillation of the human body at
trequencies greater than 1 Hz is & significant cause of motion cickness in such vehloles,
The mot lons causing sickness must be a% lower frequencies, It seems unlikely that vertical
mot.ion i@ normally rufficlent to praduce the high incidence of sickness that occurs in road
veilclas, Accelerationa in the horizontal directiony are more likely caures of motion
sioknens but there are ourrently no dose-affect ralationahips.

The physical causes of airslcknesa have recuived Lusa lnvestigation than the phyasicul
causas of seasicknesa, The complex motlonm on alecraft vary greatly between aircraft and
dopand on the flight condition. It seams probably that some forms of alrsickness are due
to low frequengy vartical omcillation, but dose-effect information is not avalluble.

Various studles of motion slckness in gravito-inertial foroce tielda other than 1 @
have bean undartaken, In studies durlng parabelic £light in alrcraft it has been found
that at wero G, movements of the head in roll, pitch or yaw increame motion sickness and
rhat the symptoms are yreatest with the eyes copen (Lackner and Grayhiel, 1984), Pitch
movementa of the head and trunk through 90 degress with the eyes open hod the most severe
atfacly, Himilar results were obtained whan tLhe atudy was repeated at 2 4 but the symptoma
tanded to be mere sevars (Lackner ahd Graybiel, 1986a, 1967), 'Space omotion slckneas' la
utten provoked by head motion and was not a problem in smull spaomora’t which allowed
Little or no movemant.

10, VISUALLY-INOUCED MOTION SICKNESS

Movement of a lnrgu visual acene qives the lllusion of self-moticn in the oppouite
girection, 'The [1'unlun may be produced by translation of thm visdul fleld past the
chaerver (linear vection) or rwration of the visual field around the observer {(circular
vaction) . These !llualons may not, in thamselves, cause sickness but the ocourrence of
othny motlons (eopeclally hea! motions) while eapsciencing an illusory motion can be
nauseogenice, Clroular vection s more ensily simulated and has been most: studied.

10,1 Pseudo-Coriolis effect

fhe Coriolls effect oveurn Lf, while the body is rotating about one axis, the head i3
rotuted about anothor axkls (sees Section 8), Dichgans and Brandt (1973) used the term
'paeudo~Coriolis effect! to descoribe the nimilar consegquences that axime if hear movement:
are made durlng circular vection,

In the Dichgans and Brardt experiments subjects sat at the centre of a 1,5 » diameter
cy!lindrical drut with les axle vertical and having inner wails with alternate white and
Lblack vertlcal stripeu cach subtending 7 degreep at the eye, ({(This appa:-ivs is sometimea
called an 'optokinetic drum’), Using 45 deqgres head movements to the right and laft durlng
rotdtlon about the vortical axis at 1% rpm, they compared the numbar of hesd movementa
required to produce motiun alckness in three conditions! rotation of the drum only,
rotation of the vhalr only anrl comblned rotation of the chalr and drum, All three
rohdit tony produced sivknoas with the 'drum only' rotstlon tending to require moat head
movements and the combined rotatlon af chalr and drum requiring the leest head movements
to caune alokness, The natmn sengat lony vera experlenced by subjects {n all three
condit Lane,

Lavkhetr and Telwelra (1977) found Llttle difference In the motion sickness symptoms
wxpel lunced when subjects held the head stetlonary or moved the head from shoulder Lo
shoulder while viewlng within an optokinetic drum with rates of rotation Llncreased
incrementally from 1.66 ton 3,33 rpm, There was o trend towards fewer symptoms when the
head wan hold atationary, They report that symptons were not the same as those experienced
during Coriolis atiwulation = poesibly because the incremontal chargem ln the rotatlon
veloelty rosulted in only a fow aubjects experienclng the pseudo-Coriolls effect when
moving the head,

Uning rundomly positionod black dotn on the interior of 4 white sphere, Yang and Pei
{1991) investigated the veverity of motion mickness in seated subjects arising with varioua
directions of sphers rotatlon (at 7.5 rpm) and head rotation (+20 cegrees). During roll
mot.iah of the drum, head movaments in roll reduced motion sickneas while pitch and yaw head
movemants caused no significant change relative to the condition with no head movement,
During piteh motlon of the sphere, head movements in roll, pitch and yaw asignificantly
reduced mot.lon slckness symptoms., During yaw axls iotation of the sph-ore, head movements
in roll and pitch slgniticantly Increased motion sickness symptoms while yaw axla head
motions nad no effesct., "The effect of head moklun was maost detrimental with yaw rutation
oF the sphere and nost beneflcial with pitch rotatlion of the aphers, This may be explained
in terms of the strength of the illusory sensation of turning (clrcular vection) baipy
strongest with yaw rotation of the sphere and weakest with pitch rotation of the sphere
(mew Section 10.2).
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10.2 Ciroular vection
various studles have produced motion sickness Without head motions using a drum
similar to that devimed by Dichgans and Brandt.

Daunton et al (1984) compared the incidence of motlon sickness in 27 squirrel monkeys
exposed to conatant spead rotation about a vertical axis with a view of the laboratory with
the sickness that occurred within a rotating optokinetic drum, With a rotation rate of 10
rpm, 70% of animals ratched cr vomited when they were rotatud, while 74% retched or vomited
in the rotating optokinetic drum, At 25 rpm all animals retched or vomited when they were
rotated and 81% retched or vomited within the optokinatic drum.

Using drum rotation at 10 rpm, Stern et al (1985) found that 14 out of 21 subjucts
developed aymptoms of motion ickness in a 15 minute exposure. Five gubjects requested the
drum motion to be stopped before 1% minutes, Hu et al (1989) found that aymptoms of motion
slcknesa increased appraclably as the rotation rate of the drum increased from 2.5 to 10
rpm but fwll when the apeed was increauad further to 15 rpm, Using a rotation rate of 10
rpm, Stern et al (1990) found that symptoms of motion sickness could be greatly reduced by
reatricting the subjects to a 15 degree circylar field of view or praviding them with a
tived visual targst, Hu et al (1991a) found that exposure “o & circular vection drum
rotating at 2.% trpm and 5 rpm for pericds of 4 minutes reduced supceptibility to asickness
during subsequent exposures to 10 rpm for 16 minutes, Using 10 rpim rotation of a circular
vaction drum 0.,76m in diameter with alternating 5.7 degres black and 9,3 degree white
stripes and a fixed head position, Hu et al (199lb) found that symptomas of siokness
decreaged over auccemssive exposurea of 16 minutes duration,

In atudiey reported by Dobje et al (1987, 1989a, 1989b) most subjects tolerated
appreciably less than 20 minutes of exposure to drum rotatlon at 10 rpm before symptoms of
motion sickness resulted in withdrawal of exposure, Doble and May (1990) report mean
tolaranve times to this test in the range 3 to 6 minutes compared to wmean tolerance times
in the range 2 to 3 minutes for subjects glven Corlulis stimulation (chair rotation at 10
rpm with 45 degree tilts in the frontal and leteral planms wvery 40 saconds),

In a study of optokinetic and vestibulo-ocular reflesx responses Lo poeudo-random
atimuli, Peterka et 4l (1947) found that no subject complainad of slckness when the seated
subjects were cacillated in yaw in a darkened room but 20% of sublects pruducad symptoms
when a visual stlmulus was totuted abe¢ut the stationary subjecte. The provooation was
qreater with the optokinetic stimulus aven though the magnitude «f the wvisual motioh was
half the magnitude of the rotatlon when the subjeat was oncillated, The two motions had
similar, though not ldentical, spectra with all eneryy below 1.5 Hz,

Using randonly positioned black docs on the lnterior of a white spherw, Yang and Pal
(1991) investligated the severity of motion sickhess in seated subjects arising with roll,
pitch and yaw rotation of the aphere at 7.5 rpm. The strangth of the illusory sensation
of turning (aircular veotlon) was strougest with yaw rotation of the wsplioxe and weakest:
with pitch rotation of the sphere, Howaver, ln the absence of head movements, symptoms of
motjon slokness were strongest wlth pitch rotation and leant with yaw rotatlon, The
findings are explained in terms of otolithle signals reducing vectlon for rotation about
horizontal axes, at the expense of introducing 'confliot’ batwesn visual and vestibular
informatlon. Pitch head motions ere assumed to,be worse than roll head motlons beuauss
piteh head motions are more frequent amd so more closely assoclated with otolithic
astimulation - consaquently pitch rotation af the sphere produced the strongest vonflict

10.3 Other motions

From studies fnvolving the swinging of cals and ths rotatlon of monkeys, Daunton et
al (1984) concluded that theye animals could be made aick by visual atimulation alone and
that animals most avsceptlble to optokinetic stimulation tend to b those most suadeptible
to motion slickness with bodily movement, 'The two optoklnetic mol Lons bhvolved swingling a
box (4t 0,28 Hz) over stationary cats and placing atelionary saulrrel monkays within a
totatlhg optokinetic drum (sve Section 10.2).

10.4 Dimcortion or degradation of the visual field

Bonfari (1964) obtalned subjectlive raports of motiun sloknuss symptoms while subjecta
viewed Four types of film projected with a wlde angle lens within a 165 degree dome, It
was found that the combinatlon o! peripharal fllcker with a poorly structured visual fleld
gave most aymptoms of motion yickness, The presence of flicker slone or a poorly
ptructured visual field alone were not sufficlent to cause asignificant problems,

The wearing of left-right or up~down roveraing spectacles whlle walking or making
other voluntary or involuntary head movements can induce sympioms of motion sickness (e.g.
Kottenhoff and Lindahl, 1960; Bock and Oman, 1982). tbLackner and blzio (1991) report that
susceplibility to mickness produced by 0.5 Hz plteh head movenents with viaual invevaion
was less in a 0Q environment (a parabolic flight profile In an alrcraft) than in a
terrestrial 1G environment, Ambulation while wearing left-ri?ht reveraing goggles has been
reported as consliderabily more nauseogenic than ambulatlon with up-down reversing goggles
(Takahashl et a&l, 19681).

10.3 Bimulatox sicknass

There ars mauy reports of motlon sickness in asimulators, some of which may be
attributed to distortion or other deficimncies of the visual simulation. The presence of
iriappropriate lags between asubject responses and movemsnte of the visual scens and the
motion simulator may aleo be responsible,
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11, OTHER NON-MOTION STIMULI CAUSING SICKNESS

Jymptoma indistinguishable from some motion sickness symptomz can be produced by
various non-motion stimull. These i{nclude caloric stimulation of the outer ear, the
sscasaive consumption of oleohol, the consumption of heavy water (deuterium oxide), scme
physiological conditions and physiological disorders, radiatlon and various diugs,
including poisons, Some of tnese may also aocentuate susceptibility to motion sickneas,

12. DISCUSSION AND CONCLUBIONS

Motion sickneas arisea from a wide variety of physical stimuli, Experimental reaults
provide a growing body of data from which predictions can be made., General theories of
motlon mickness offer qualitative explanations of why motion sickness occurs in each
circumstance but thay do not allow quantitative predictions of the physical characteristica
of stimull required for sickness. General theorles du hot indicate which of two stimuld
will be more nauseogenic or provide prediziions of the extent of sickneas with any form of
motion,

Head motion appears critical to the development of sickneas with some motjohs, = The
failure to control, or adequately monitor, head motions in many expariments limits the
interpret.tion of some results. The motion imparted to a person at the floor ur seat may
not be the same as that occurring at the head, The transmisslon of motion through the body
may be attenuated or amplified and there may be phase laga, Motloa in one axis at tho seat
(e.g, fore-and-aft) may induce other axes of movement at the head (a.g, pitah), The
gsubject may make voluntary or involuntary movemants of the head in response to the motions,
with the extent of these dopundini on the type of restralnt and the visual fleld, The
interaction between these head motlona and the imposed motion may be a cauvse of sickness.

studies of the affevtm of head position and body orientation or sickness induced Ly
the druy apomorphine, revealed that vomiting was far less when subjocts were supine
(1sasos, 1957), The benhefit was shown to arisa from the supine posture of the body and not
from the changed orientation of the head. While head movements may be the cause of
slcknesy with some motion stimull it does neceamarily not follow that the often reported
benefits of a& recumbent posture lh transport arise from the changed orientation of the
head, Thede studies also muggested that tha actlon of apomorphine was additive, or
ay?ar?iu%ic, with the sicokness induged by vertical motion, horizontal motion and valoric
atimulation,

visual conditlons are also aritical to the cvuvelopment of moticn slcknesa in some
situations, Different degrees of sickneas can arise with eyes closed, eyss opon viewlng
a moving environment ahd myms open viewing the outside world, When viewing the mecving
environment (e.g., the interiur of & moving cahin) the effect may demend on the viasual
suenea, A task which requires eye movements may have a partioularly detrimental effect on
subject well~being, 'The presentation of a vigual sasne which moves within a cabin (ss with
some simulators) may ba axpected to increase or decrease sicknesa depending on the eye and
head movements that axlse and how both the extent and the phase of movements of tho
projected visual acene corresapond with movements of the cabin or Lhe poaition of the
orternal world,

Future research will extend tha set of relevant experimental cdata, ‘This will allow
increassd understanding of the effects of indlvidual physiceal, physiologlical and
poychological variables, [t may then be possible to offe: more confident predletlons of
the physical causes of motlon alckness in specific environments.
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SIGNIFICATION OPERATIONNELLE DES CINKETOSES POUR L/AIR, I/ESFACE ET LA SURVIE
EN MER.

A LEGER
Division Visualisation Interface / Btudes Avancées
- SEXTANT Avionique
33166 St Médard en Jalles Cedex, FR

RESUME: Sur un plan puremont médical, le mal des
transports ou cindtoss ne poss généralement que des
probldmes bénins dans la vie courante. Er. revanche, 1a
opdrations adriennes ot apatiales donneit une toute uutre
dimension A cette affection relativament fréquente. De
méme, lo syndrome do cindtuse a une influence sensible sur
les conditions de survie en mer.

La perapective historique issue dos recherches monées lots
du dernler conflit mondial pormot do misue situer le
probldms. Cette démurche condult snsuite & analyser e
relntions complexes qul existunt entes les clnétoses et s
performance prychomotrice dea opérateurs, -

L'impact des cinétosss sur les opdrations militaires
adrlennes comporte des aspscis classiques, relativement
blen iudiés sur la plan épidémiologique. Les problémes
lids & {n formation Initinle et & Pentratnement des pllotes
sonatituent toujouss ua pulnt important. Da méme, les
slidtoses pouvsnt éventusliement contribusr A aceroltre la
vulndrabllité de mise & terre dus combattants udroportés.
On relive par aillourst des aspects nouvesux, résultant de
I'dvolutian technnlogique dac adronels ot dos systdmes.
Alnsl, Pintroduction des systdimes d'side b 1 vislon nocturne
ot du duivi de terrmin automatique amdne des conditiona de
vol propicas su développoment dea cinétoses.

Le rotentissoment du mal de l'espuce sur les vpérations
sputiales ne so poss pas du tout do ln méme fugon selon que
sont vonuldérds des eéjours courts (navette) ou longs
(station spatiale habitable), Les résullats de l'oxploitation
du Systdme de Transport Sputial (STS) constiuent la
nielileure source de donndes sur cs sujot.

Enfin, ies consdquences physiologiques st psychologiques
du syndrome de cindtoss, telles qu'uggravation de la
déshydratation, apathie, sont los principaux factours A
prendre en compte pour Ia survie en mer.

1. INTRODUCTION

Lea consdquences opérationnelles des cindtoses ont été
perticulibroment étudides dans Ia communauté militaire su
cours du sscond conflit mondial et duns les annbes qui ont
suivi. Pour comprendre cet intérdt, on pout citer un extralt
du rapport do la premidre réunion du sous-comitd US sur
{es cindtonca, d'sprds Reason (22):

* The testimony of represontaiives of the Ground
Forces, the Army Air Forces, and the Navy and
reports from England and Canada suggested that
the incidence of ssnsickness in amphiblous training
and combat operations had besn high, resulting st
time in serious lomses of efficiency; thut alrsickness
hud become n problem of some magnitude in the
selection, training and proper elimination of nir
force porsonnol particularly nuvigutors, bombardiers
und gunnors; and that operations then anticipated,
in which very large numbers of troops would be
carried by alr and by amall surface craft, might be
attended by u serious degroe of incapacitation from
motion sickness' Bard, 1948,

Cecl témoigne bion des préoccupations qui pouvaient
wcister & celte époque. La question que l'on peut
légitimement se poser est: "qu'en est-il maintenunt?". Le
but essentiel de co document sern done de tenter do fuire le
point sur les wapocts wctuels de Ia  signification
opérationnelle don cinétones.

11 faut bien s rondre compte quo, duns la vie courunte,
{'apparition du syndroms de cinétose est cortes déplaisante,
mais que son retentissement sur la conception des muyens
de transport ot laur mise en osuvro domoure géndralement
assez limité, On peut, par exemple, s0 demander quel sera
Mimpact des cindtoses sur [a décislon dey pamagers de
cholsir lo batoau, l'avion ou le tunncl sous lu manche pour
18 rendre au Royaume Unl, mals i) cst probable que cotle
question demoure du second ordre pur rupport sux
conaldérations tarifairoa. On pout dgaloment voir cortains
constructours  amutomobilos  'interroger, lors de la
conceplion dos véhicules, sur los interactions visuo-
vostibulaires, toutefols, cette démarche demeure
hubltuelloment relativement ponctueiie, Il est poutant blen
cannu que le "mal do volture" constitue un Néau pout les
parents de Jeunes enfunts mals qui , généraloment et fort
heureusement, affecte plutdt ls moyenne horaire des
déplacemants que lour sbeuritd.

En falt, ces quelques réflexions snodines, assocides sux
conaldérations historiques, ont pour but ds souligner que le
probléme de la signification opérationnslle constitue un
moteur extrdmement puissant pour toutes les études
menées dana lo domaine des cinétosss. L"Impact sur
D'efficacité dea opérateurs st |a séourité des opérations, done
le codt humaln et matériel, constitue une clé fondamentale
de la progrewlon des connalssdnces générales dans ce
domuine (comme dans beaucoup d'wutres d'alileunil),
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Ainsi, dans les années 60 A 70 I perspective dos vols
spatinux ot des probldmes d'otientation spatisie pouvant en
découler a sans aucun douts largement contribué & I'sasor
important des études de physiologie vestibulaite, en
particulier aux Etats-Unis,

Comm le note Benson (1), la perte de blen-8tre résultant
du mal des transports, mdme modérds, peut ¢onstituer une
source ¢ problémes pour un pilote dont Is tiche est par
avance complexe. I1 faut cepondant reconnaltre que ceite
perts d'efficacilé est souvent extrément difficile & quantifier,
surtout chez des pllotes entrafnés, habituellement pou
portés sur lintrnspection. Do plus, les rolatiom ontro la
performance, priss au sent général du terme, ot les
cindtosss ne répondsnt pas & des lols simples et sont
connuss pour btre bidirectionneiles,

Aprds avoir bribvement évoqud I'historique du probldms, il
convient dong d'snvisager les interactions qui existent entre
cindtose ot performance afin de poser les buwa d'une
réflexion sur ia signification opérationnelle actuelle du
syndrome.

3 PERSPECTIVE HISTORIQUE

Comme le souligne Rexson (22), avee quelques anscdotes
depuls Ciceron Jusqu'h T.B. Lawrenco, les cinétosos ont de
longue dats préocoupéd ia communauté militalre. Ces
préoccupations ont trds certainement culming au cours du
second conflit mondial, avec In nécessité de transportor de
trds larges contingonts de troupes, appsiés & dire
rapidement engugés dans dus opérations de grands
envargure, Co souci, bien traduit pur la citation de Bard
présentés  plus  haut, concernait  easentielloment
'entratnement adronautiqus, los opérations maritimes ot le
transport de troupes. Los travaux offectuds trds td¢ duns le
cours du second conflit mondial ont surtout donné lieu &
une estimation de l'incidonce des cinétoses sans toujours
répondre directament au probléme de la signification pour
les opérations, La revue de ceite question figurant dans
Pouvrage do Reason (22) constitue une buse do donndes
particulibremant intéressante A cet égard.

Cltons pour mémoire des chiffres concernunt les opérations
amphibies, qui vont de 1196 par petit temps jusqu'd 60 &
0% par gros temps, Pour co qul concernc les opérations
udrionnes, trols thémos emsentiels wsont distingues,
{'ontratnement su pilotuge, les opérationa do combat aérion
ot les opdrutions aéroportdes.

Lincidonce pendant Pentralnement, rapportée duns los
études du temps de guerre, st relativement modeste pour
les pllotos (10 & 13% selon Hemingway), mais beaucoup
plus importante pour les navigatours (Jusqu'h 65% selon
une édude d~ MeDonough publide en 1943). Le
rotentissement opérationnel lo plus évident des cindtosss
lors de l'entratnement en école de pilotage ost 1o taux do
disqualification qui peut leur &re attribué, Selon Birren
(1949), ce taux varle en fonction des sources d'information
entre 0,15 et 6,5 %. D'une manidre plus qualitstive, des
sources allides diversss (Afriqus du Sud, Biats-Unis,

Australio..) font &t du probltme qui semble
particulidremant aigti pour lea navigateurs.

Beaucoup molns de données sont disponibles pour les
aopérations de combat adrien, Les eatimutions varient entre
§ et 19 % selon les sources, mais 'interférance des cinétoses
avec I'mécution des tdches opérationnelles  est
habituelloment rolatde comme trés basse, pulsque ne
dépassunt pas 0,3 pour 1000 homme/mission. Il existe par
ailleurs des interactions reconnues entrs los conditions du
combat o Ia performance pouvant participer A ces taux
relativement bas par rapport A Pincidencs globale du
syndrome.

Les études du temps de guerre font uns place importante
au probléme du transport de troupes par volc adrienns.
(Tyler st Pard, 1949; Birron, 1949, Hemingway, 1945;
Chinn st Smith, 1953). Tous 2’accordent pour constater que
lincidence des cindtoses dans lea troupos aéroportées est
purticulldrement  élovée lors des phasss de transport
tactique. On reldve ains! des Incidences de 'ordre de 25 &
80 % selon le type de vol. En revanche, [l ne semble paa
exister de mention particulidre pour l'interférence avec los
opérations de combat immddintement aprds Faéroportage.

Bn fuit, dans l'snsemble de css ftudes de terrain en temps
de guerre, l'influsnce des cinétoses sur lu performance des
contbattants, en dehots des phases sigles du syndrome,
samble extrdémement difficile & quantifier, co qul est assex
facilement compréhensible. Cette constatation améne done
& considérer les études de torrain ou de laboratoire qui ont
été spdcifiquoment consacrées mux intsractions entre les
cindtoses ot la porformancs de 'opérateur.

A CINETOSE ET PERFORMANCE

Plusiours revues de la littérature sbordent les rolations
exiatunt ontre cinétoses ot performance (11, 20, 22). Comme
Rowson (22), on peut égalemont évogquer l'uspect
bidirectionnsl des Interactions entre cindtoses ot
performance, & savoir los effets des cinétoses sur la
petformance ot les effets de la porformancs sur le syndrome
de cinétose,

Pour co qul concerne los dtudes de terrsin, 1a plupart se
sont {ntéremsdes aux cinétoses provoquées par Ja navigation
matitime, mais quolques résultats sont disponibles pour des
situgtions adronautiques. Il existe pur allleurs do
nombrouses dtudea do laboratoire consacrées b Peffor do
diversss stimulutions provocatrices sur la performance
psyshomotrice et intellsctuelle. Comme ls souligne Money
(20), les étuddes de Imboratoire Introdulsent un biuls
Inévitable duns U'évaluntion de la performance, car le sujet
ost consclent d'dtre obsorvé ot connaft généralement la
durde de V'dprouve. Cucl eat donc fortement auscoptible de
modifier son comportemont et sa motivation par rupport &
une situstion opérationnelle prolongée. Ces deux uspects de
Pévaluntion de la performance soront successivement
sbordés,
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34, Etudes expérimentales de terrain

Bion qu'obtenues svec des stimulations et un
environnement relativement éloigné de ce qui ost rencontré
on adronsutique, les données provenant des études b Ia mer
sont intéressantes A considérer, Des résultats anciens
svalont déjd souligné {a différence entre la performance de
routine ot la performance de pointe. Ceci aignifie qus,
méme étant en prole su syndroms, un individu qui trouve
une motivation wfflsante dans U'sccomplissement de se
tiche est capable de Usffectusr pratiquement sans
dégradation. Las dégradations observées sur différents tests
de performance sont essontielloment présentea dons lea
promidres heures d’exposition & V'environnement. On & alnsi
pu observer uns diminution des performances sur des
thches d'extraction de données, de talsonnement
grammatical ot de tracking of, d'une manidrs plus
prolongés, une ddgradution de capacitds de tracé de la
route (thche de navigation). Ce type do résuliats est
retrouvé dans plusieurs études (11), en condition réelle ou
en simulstion,

Parmi loa rares études réalisdes on environnoment
adronautique, il faut citer le travall de Kennady ot coll, dans
des vols do pénétration de cyclone (14). Des dégradations
significatives de la psrformance ont ainsl été observées sur
une thche de vigilance auditive,

Certaines Gtudes ont dgalement ét4 mendes on milleu
spatial, mais raroment avac des données quantitativement
établies. Ainsi, Reason (22) rapporte certaina éléments
d'analyse subjective sur ls performance de cosmonautes
sovidtiques montrant une réduction de la psrformance en
vol ot un sccrofusement de Ia difficultd & effectuer los thches
demundées. Hottinger (11) mentionne des résuliuts
axpérimentaux réconts révélant uno altération du temps de
réuction et de la capacité d'oatimation du temps, semblant
1ids & PPexistonce d'dpisodes de mal de 'sspace (21).

33 Ktudes sn {aboratoire

Les dtudes sur la dégradation de la performance réalisdes
duns de sconditions de luboratoire sont extrémement
nombrouses. Au rogurd des différents environnsments
utilisds, los éludes classiques de Wondt sur ['effel dex
ucedlérations verticales, uinai que colles qui ont suivi sur co
type de atimulation, ont largement contribué A sugmenter
les connaissances dans le domaine de |a performance. La
chambre do rotation lente de Pensacola tient égaloment une
place particulibre quant & la qualitd ot & 'Stendue des
expérimentutions qui y ont été mendes. Enfln, d'sutres
onvironnaments rotatifs (orientéa sur les dtudes en milieu
spatial) ont été utilisés (11). Il faut ausst citer d'assoz
nombreuses dtudes on simulsteur, dont certaines lides & la
simulation de combat adrien ( 15).

Effectués 3 I"ssue d'éprouves provocatrices, différents tosts
physiques et de coordination motrics, comme lu courss, le
lancer de fléchettes, lo tir & ls carabine, e sont révéiés non
aignificativement affectés par lo syndrome de cinétose. En
revariche, surtout duns la phase sigle de l'exposition aux
stbuulations  nauséogéniques,  différants tests de
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performance intellsctuslle ou paychomotrice so sont révélés
ltdrés, C'eat 1o cas pour des thches do caleu) mathématique
(bien que cec solt controversé), d'estimation du temps et
pour différentes thches ds poursuits ou de tracking, On
note aussl Vexistence de dégradations lors d'épreuves
mettant an jeu la vigliance auditive.

33, Kffet de In performance sur les cindtoses

Il existe un certain nombre de données, Ia plupant
anscdotiques, qui établissent un lien entre In nécessité vitale
d'sccomplir une thche et ls sévérité du syndrome provoqué
par des stimulations nauseogéniques, Il est habituellement
obsmrvé unes forta diminution, voire une disparition
complite des symptdmes, lorsque lo sujet se trouve
brusquement dana une sltuation eritique ou wxergant une
forte demande sur ls plan psychomoteur. Plusisurs tudes
expérimentales effectudes sur oo sujet (22), tendent &
montrar que les tiches dirigeant I'attention vers ls monde
extériour diminuent lu cinétose, alors que la concentration
sur les symptémes a plutdt tendance A les wcorolirs, La
question est cepondsnt loin d'dtrs totalement tranchée,
pulsgue Lentz (19) observe un accrolemsnt do ln sévérité
du syndromo provoqué par un test d'interaction visuo-
vestibulaire on fonction de la complexitd de la tdche
visuells,

4, ASPECTS ACTUELS

L'ansomble des dennées {ssues des utwsrvations effectuées
en situation de guorre of les diverses études sur I'effet des
cinétoses sur lu performance permaettent d'établir qu'il
exlite un risque potentiel, tant an niveau des opérations
milicairen que dans la domaine spatial.

Dans le promier cas, c'est véritablement ls probldme de
P'sfficacitd, en terme do réussito et de scuritd des
opérations, qul est en jeu dans des situstions ob la survie du
combattant v dépendre de sa capacité k mettrs en oceuvre
dos armements de plus en plus complexes et coliteux, Dany
le second, le probléme n'est habituellement pius susal vital,
mals, compte tonu du coOt extrémement élevé des
opérations sputiules, il s'agit plus d'un aspect de rentabilité
que de séeurdtd, Tl faut cependant noter que, dans les deux
cas, on 8o trouve blen confronté avec un probléme qui, sur
le plun de la signification opérutionnelle, implique ia notion
du colt humain et matériel des cinétoses,

En gurdant en mémoire les données existantes, il convient
maintenunt d'sffoctusr une analyse du probldme de la
algnification opérationnelle dea cinétoses dans le contexie
aéronauiique et spatial actuel. Les carsctéristiques propres
aux opérutions nériennes, au vol apatial et sux probldmes
soulovés par I survie en mer seront mccsssivement
abordéus.

41, Opdrations aérisnnes
Dans is cadre général des opérations sbriennas, il convient

de distinguer des uspects classlques, comme Fentratnement
ot ls trunsport adrien tactique, mais ausel des éléments
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nouveaux liés au contexte de I'évolution des armements et
das tachniques de combat et d’antratnement.

Les deux premidres questions psuvent Stre abordées
compurativement A des situntions connuss antérieursment.
En revanche, lss élémonts nouvesux, comme lo suivi da
terrain automatique ou les probitmes lids & Ia visionique de
casque, doivant dtre évoqués en terme de penpectives et de
potentintité, pulsque, en fait, il existe tris peu de donndos
disponibles sur s sujet.

41,1,  Apprentissage of sutralnement

Traditionnellement, I'dcole de pilotage a toujours présanté
un contexte privilégié pour le déveivppement des cinétosss.
A quelques différences pris, lides A I'évolution des matériels
et des techniques d'entrafnement, cecl reats relativement
oxact, Bn falt, & [lheure sctuells, la signification
opérationnelle des cinétoses en école oat sans daoute A
considérer en tormus de colit direct ot indirects, meis suss
relativement A In situstion vis & vis du rocrutement des
Slbves-pilotes,

Parmi les études modemes concernant lincidence des
cinétoses lors de L'sntratnement au pilotage, los résultats
tappartés par Reason en 1968 (22) donnent une estimation
trbs dlevée, puisquo, salon cet wuteur, 76 % d'un dchantilion
d'dldves-pliotes de Cranwell a souffort du mal de Pair
pendant P'entratnemont v vol. Dans o groups, 18 % ont
4té atteints nu point d'interrompre prématurément un vol,

Bn 1972, Leguay ot Coll, rapportent, d'aprds une enquéte
offectude dans une écoln de I'Armdéa de I'Alr Frangalss, une
Incidence globale de 30 %, seulement 5 % des &lives ayant
consults le médecin du Personnel Navigant (18). A la méme
dpoque, Dowd (5) émat le jugement que les cindtoses
demeurent encors un probldmo trés important dans I'US
Air Forco, particulibrement dans les manoeuvres d'avions &
haute performance. Il cite les résultats de Tucker (19685),
mpportant que 10 A7 % des élbves-pilotes ont L6 atteints
44 moins une foln durant leur entratnement, 5% d'une
manidre répdtitive, avee un taux d'élimination d0 wux
cinédtoses de 0,7 %.

Dobie (4), en se fondant sur les commantaires des piloles
Instructours portant sur une population do 377 éldves,
détermine une incidence do 24,1 % de mal de l'slr modéré
ol de 14,6 % de mal do l'uir sévbre. Il oat intérossant do
conwidérer qus, duns ceite étude, le jugement de svérité du
syndrome &tait dtabli on tenant compte de ls dégrudation
des performances obssrvée durant le vol. L'auteur souligne
qQue cetto estimation est suna doute sssex prudente, puisque
l'incidence des malaisen légars ou méme modérds a pu étre
sous-sitimée du falt de la méthods d'évaluation smployée,
Dun gutre +8t¢, tes chiffres résultant Je cette élude ont une
vileur [mportante sur le plan do la  signification
opérationnelle dex cinétoses, puisue éveluant directement
l'effet sur la porformance. En 1977, avec une méthodologle
rolativement idontique, Galle-Teyssoneau (8) estime que 30
4 50 % des dlbves-pilotes souffrent du mal des transports A
des degrés divars durant leur entratrement en école,
Cependant soulement 5 dldvus sur 492 ant 816 8iiminds pour

mal de l'air, soit 1 %, alors que le taux d'schac global du
cours ost de 33 %. L'auteur note toutefois que parmi les 40
élves qui ont consulté pour mal de l'uir, le taux
d'slimination (toutes cuuses confondues) atteint 70 %. Ls
chiffre de 1 % rejoint dgalement ls taux J'attrition avancé
par Tribel en 1972, sur in base de 400 élives-pitotes de la
Forcs Adrienne Beige (281),

Enfin, pour terminer cette revue des donnéas r(centes sur
Pincidence dus cinétosss lors de l'entratnement, notons que
Hixon et coll (12) ont rapporté les réaultata d'une enquéts
longitudinate portant sur une population de 798 élives, &
partir ces donndes collactéos lors de 28.83 sorties
effoctuées sur différents typss d'abconefs pendunt ls cours
d'Officier do I'Abronautique Navale (personrel navigant
non-piloie), Selon lo type d'spparsll st d'mercice,
I'ineidency dua cindioses va de 9 & 23 %, Les vominsments
surviennunt dans 4 & 11 % des cas et la performance est
considérée comme significativement dégradds dans 3 A
15 % dea cas,

L'sxamen de cas chiffres montre bisn que le probldme posd,
on temps de paix, par les cindtosen dans lea écoles de
pilotags oat lola, dans [wbsolu, d'Stre eatasrophique, du
molna pour co Qul concerne le taux d'attrition qul peut laur
dtre dirsctement ¢, Le codt direct, sur la bise des échecs
ot des délals dans la progrossion, demoure sans doute
dgalument relativemant modéré, blon que, grinéemlement, il
ne soit pas clairement indiqué. On peut évocuer capendant
lo colt indirect des cindtoses en école qui conlsts en
{'élimination d'individus qul, »'lls avalent surmonté leur
handlcap, auraient suns douts pu tre d'sxcellants pilotes,
comme en témolgnent los résultats obtezis par Stott et
Bagshaw (23). On peut sins{ considérer qu's terme ces
dliminations, mdme peu numbrauses, pourtsient conduire &
un relatif appauvrisssment de la qualité de) pilotes qui, par
sllleurs, doivent également répondre A bisucoup d'autres
critdraa physiques et intellectuels.

Cecl amdne & comsidérer le probldme dins {a peripective
do- pomibilités de recrutoment. Dans ua pays comme la
France, lo prestige attuché A la carridre de pilote militaire,
on patticulior celle do pilote de chusss, st sncore teds
grand. En consdquence 1 nombre de cundiduts souhultant
uccédder & cette carribre ost trds levii ot tend mdme &
s'scoroftre asser régulidroment. Tant quo cette sltuation
durers, lo probldme des cinétoses peul &tre considéré
comme rolativement mineur. En revanche lofsqu'une
pénurie de pllotes est rencontrée, rdsultant, par exemple,
d'une uitrition 8levée de pilotes quulifiés lide uu différentiel
de rémunération aveo lex carribres civiles, alors il devient
sans doute plus Intédressant do tenter de réduirs lm
Sliminations sn école de pllotage.

Pour étre complet, i faut par ailleurs envisager le contexte
particulier du tomps de guerre. Dans un conflit majeur on
peut supposr la survenue de pertes  élevées,
vealsamblablement difficiles & combler rapidement. Bn
offer, I8 complexité des avions de combat modernss
implique un entrathement relativement long et, A mppossr
que le matdrisl pulsse dtre romplacé rapldement, on peut
douter que lo mécanlsme de lu formation en cols pulsse
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jouer efficacement ot que lc mal de l'air y ait un rélo

signfioatif,
413,  Vulnérbilité do mise & terre

La mise i terre de troupes aéroporides conatitue dgalement
un contexte favorable au déclenchement des cindtosss, Las
conditions du transport précédant ls largige sont bien sir la
source essantialle de probldmes rencontrés. Pour échapper
& lu détection des radars st bénéficier de I'efTet de surprise
ndosssairs b la rdussite de P'opération, les uppareils de
transports tactiques sont amends & évoluer & trés basss
altitude, pendant des duréea velativement longues (1 & 2
heures). Dans ces conditions le taux de sujets souffrant de
cinérose peut atteindre 80%, comme en tdmoignent lss
tésultats sxpérimentaux obtenus par Galban et coll (7).

11 sst,.on général, relativement difficile de chiffrer Fimpact
axact du mal de I'sir subl dursnt le vol sur 'efficacité des
combattants au sol. Comptestenu des observations du temps
de guerre ot des résultats expérimentaux sur la performance
ot les cindtosss, on pourrait penser que leffat divest
domeuro rolativement moddré. 1l convient copendant do
pousser la réflexion plus loin, En effet, les opérations de
transport de troupss que l'on peut attendre du contexte
heutemant technologique du combat medsrns en Burope
sont relstivement peu proplces sux trds grands mouvements
8 soldunt par des "vomissements ds masss” historiques.

Bn revanche le déplucement des menaces b Pextérieur du
thédtre suropdsn poss le probldms de I'intervention
ponctuslle sur un point chaud de troupes d'élite amendes &
anguger le combat trba rapidement aprds leur mise & terre,
I ne vagit plus 1A do Peffat isolé du mal des transports
aprda un vol tactique de quelques heures, mais bien de calui
du straas combiné (futigue d'un vol prolongé, perturbations
circudionnes, changement de climat) ob les cindtosss
peuvent contribuer b sugmenter ln vulnérabilité de miss &
tarre.

413,  Eléments nouvesux

Par rapport aux donndes classlques sur lincidence des
cinétoses dans les opdrations adriennes et leur signification
&ventuelle, pluslours éléments nouveaux sont & considérer.

En promier lisu, ausai bien los machines que les syatdmss
d'armos et les tdches accomplies par les équipages sont
devenus extrdmement complexes. D'uns manidre cotollaire,
outte complexité est sssociés b un colt trda élevé des
adronels de combat et de In formation des équipages. La
formation d'un pilate opérationnel constitue un
investissement trds important, tout comme I'spparell qu'll
doit mettre en osuvre,

Outrs oss conaidiérations, de nouvalles conditions d'smpiol
sont sppaues, hautement susceptibles ds  provoquer
Uupparition du syndrome da cindtoss , méme ches des
pllotes sdaptés aux évolutions abriennes des wvions de
corbat moderries. Co sont sn particuller les affets du suivi
de terrain automatiue et lss probldnes lide & I'utllisation
des dispouitifs aide & la vialon nostune, Or, i apparih que
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dana |a population de pilotes de chusse (16), au moins 25 %
des pilotes normalsment adaptés ont une susceptibilité de
base qui peut les rondre sensibles k des oonditions de vol
inhabituelles.

Lo suivi de terrain automatiqus comports dsux types de
caractéristiquoes propices su déclsnchement du syndrome de
cinétoss, Tout d’abord, le pilote n'sst plus directement en
contrdle des évolutions de I'svion st se trouve donc dans
une situation de pasager. d'sutre part, les évolutions de
I'upparell, constituées typiquement ds successions
d'acodlération Gx positives st ndgatives st de virages, sont
par slle-mimes hautoment susceptibles de provoquer
I'npparition du syndrome. Ces deux conditions étant
réunles, on paut done panser qus l'spparition insidieuss du
mal de V'air chee un pilote opdrationnel, ayant par silleurs
une thche complexe A effectuer, conatitue une réelle menuce
pour la qualité st In sécurité ds la misaion, du moins jusqu'd
s qu'une habituation & ces conditions de vol ait pris piace,
En falt, an dehors do rupports de pilotes ayant effectué les
ossals on vol de ce type de systdme et des donndm
anecdotiques, ce probldme ne somble pas résilement avolr
616 documnontd d'une manldre sérisuss,

En revanche, Il oxiste quelques éléments concemant lea
dispositifs d'aide & 1a vision nacturne. Ainsi, Comum et coll.
(3) ont rapporté I'existence de problémes de cinétoss dama
l'sntratnement ot l'utllisation opérationnells des systdmm
d'aide & lu vision nocturne do I'hélicoptdre d'attaqus AH-64
*Apuache”. Les mécanismes en cause ssmblent &ro
l'existncs de problimes de paratlaxe, mals on peut
dgalement supposor que la restriction du champ de vision
entratnés par utilisation des systdmes peut dgalement
jousr un réle dans Pappariti)n des symptOmes. La
signifioation opérationnelle de cus troubles, an dehora de
leur incidence sur Fentralnemen:, est sncore mal connue,
On peut cepondant supposer qus l'oxistoncs du syndroms
dans des conditions opéraifonnolles peut affecter
sériousement aussl bien l'sfficacitd que la séourité d'une
mission d'uttuque nocturne, déji difficile en elle-mime.

11 convient enfin d'évogquer un dernier point relativement
nouveau qui est Putilisation Liteasive des simulatours en
partioulier des aimulateurs do combut sérisn. De
nombrsuses études ont montrd que I'incidonce du mal des
simulateur Stait relativement élevéa (2, 10, 18, 17). Pour
Kennedy(15), ce probldme eit susceptible d'entralner une
cortalne répugnance A utlliser ce type de simulsteurs. 1l ne
sembls toutefols pas que les effets secondaires des
simulsteurs de combat puissent dtre effectivoment
impliquds dans des problamus d'effloacité ou de sécuritd. 1i
t'agit capandant d'un problime suffisament significatif sur
ls plan opérationnsl pour que ls commandsment s'eh
inquidte, tant pour ¢ qul concerne Peffioaciid de
P'entratnemat que son arganisation,

44, Opiérations sputiaies

Le retentisssment opérationnel du mal de I'sapace sur les
opdretions spatiales constiiue un point d'intésdt Lmporcant,
tant pour les implications de “rentabilitd®, s P'on peut
smployer os terms, que pour ls sbauritd. Cet intdrlt & &té
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recornu assex tot dans le développ des
spatiales habitées ot a dirsctement ou indirsctoment motivé
de nombreuses études.

Las donnéus connues & ce jour font état d'une incidence
volsine de SO %, aussl bien au cours des vols spatinux
américains que sovidtiques (26, 6). Il miste des doutes
quant b In sévirité respective des syndromss prisentés par
los wstronautes américaing ot les cosmonautes sovidtiques,
Pour ces dernisrs, Veniteainement vestibulaire intensif
suquel ils sont soumis avant le vol pourrait contribuer &
réduire In sévérité du malaise provoqué par 'ndaptation aux
conditions de microgravité. En fait, sl I'on peut avoir une
assex bonne idée de ['incidsnce globale du mal de l'sspace
daris les Squipages, |a edvirité des sympiomes endurés est
un point bssucoup plus délicat A évaluer. Pour lss
opérations de [a navette spatiale américalne, une eatimation
coursnte donns V'existence d'un malalss sévire ot prolongé
(donc relativement incapacitant) chez un astronaute tous les
trous vols,

La aignification opérationnelle du mal ds I'espuce, sl i'on
s'en tient aux incidents qui ont €14 relovés au cours do vols
spatiuux, n'sst pas extrémoment évidente & évaluer. Homick
(13) a rAcomment exposé I'dtat de I'art existant dans ¢
domuine ot les implications entrainéss pour lu conduite des
opéeations de s navette américalne, Piun qu'une
Incapucitation totale, Is munque d'initiative des sujeta
atteints peut ropréssnter un problame. Les observations
offectudes pur Thomton (24) montrent que les sujete
atteints sccomplissent généraloment correctement los
tdches qul leur sont mssigndes, main ont tendance A s
limiter strictement A l'indispensable. Bn fait, il s'installe
natursllement une sorte de compensation, au seln de
I'dquipage, de I'nctivité des plus stteints, qui aboutit &
I'nccomplisement de I'snsemble des objectifs et dos tAches
prévues (reschke).

Sur le plan pratique, on raldve un certain nombre de cas ob
le mal de 'sipace a interféré directsment avec des activités
opérationnelles programmdes. Alnsl, lors du programms
Apollo, plusieurs incidents mineurs ont &8 notés dont le
plus significatif, lors du vol Apollo 9, & entratné un report
d'une journée dans lo programme. On note également quo
'dquipage de Skylab 3 a &4 amoné A rédduire
significativement ses activités pendant les 36 promidros
houres du Vol, Pour co qui concorne les opérations du
Systéme de Tranaport Spatial (STS), divers incidents ont
éguloment été rapportds, alldgoment cu programme de
STS-3, report d'une sortic extra.v8hiculalre lors du voi STS.
3 (13). Du co14 Sovibtique, les donndes sont moins claires,
mals Reason (22) rapporte qu'sn 1967 une mission
sovidtigus pourrait avolr é1é snnulés en rulson d'un
probléme de mal de 'espace.

Un édlément d'importance dane lo probldme do la
signification opératiunnolle du mal de 'expsce cst Is durée
doa opdrutions snvimagées, Il fuut bisn étre consclent que les
évantuelics diffoultés rencontrées surviennent dans les
premidres heures du vol Spatial (26) et que duns la majorité
des cas I'habituation neurossnsoriells b Ln microgravité es
scquise dans les pramidres 72 heurss du vol. Ainal, en

dehors de cas particuliers, comme les incidents de transfert
de I'équipage d'un vaisseau vers una stution orbitals, le mal
Je lespace pose relativement peu de probldmes dans les
séjours de longue durds. En revanche, les vols courts
comportant un  programme trds  chargé  sont
particulibroment susceptibles d'dtro affsctés sur lo plan
opérationnsl. 11 faut cependant reconnafirs due, sur
beaucoup de plans, les premitres heures passées en
impesanteur sont généralement lea plus critiques. Bn cas de
circonstances véritablement exceptionnallos mettant an jeu
Ia séourité des opdrations dans les 36 pramidres heures de
sdjour, on peut toujoura 1agitimement se poser ia question
do l'impact que pourrait alors uvolr le mal de l'espace,

4, Survie en mer

1l est notoire que los conditions de survie en mer sont
particulidremant proplcss au développsment des ¢inétoses
comms ls souligne Reason, citant Liano (1958), aves des
chiffres de 60 % d'incidence dans les équipages abattun en
mer. Sans fournir de données statistiques précises, il avance
que, dans cette sltuation, ls mal de mer pourrait blen svolr
contribué & la mort on hitant le processus de
déshydratution,

L'éventuslitd d'obssrvation d'djections en mer lom
d'opérations combinées aéromaritimes ou séronuvales est
loin ditre négligesble. Dans ces conditions, 'état de In mer
va conatituer un point important dans les chances de survie
des personnels, La recherche sers d'sutunt pius difficile ot
selon toute probubilité longus que les conditions de mer
saront mauvaises, Les enging do ssuvetages individusls sont
généraloment stutiques et 58 comporient somme de
véritables bouchons asur la mer, ce qui favorls
consldérablement lapparition du mal de mer. Les
vonséquences sont en géndral triples (9): retentissement sur
los besoins hydro-minéreux, aiteinte du psychisms,
aggrivation dos états pathologiquas intarcurrents,

L'sboutimsment du mal de mer est l'apparition de
vomisements incoorcibles qui augmentent de fagon
considérablo lea pertes hydro-mindrales. Le probleme de
V'équilibre hydro-minéral dans lu sutvie en mer ost dams
toutes los conditions extrdmoment critique du falt du
rutionnoment de l'oau. Lu déshydratation uvec hémo-
concentration est aggruvée, duns 1o cas des vomissement par
los pertos lonlques qui peuvent aboutir & I'installation d'une
alcalose métabolique.

Sur ls plan paychiquo, il oat blen connu que les cindtoses
sévbres entratnont une vérituble prostration uves une perts
plus ou moins importants de 'tut de conservation, 11 est
reconnu que la volontd de survives constitus un dlément
Important dans les slwations de naufrage maritime of
l'apparition du syndrome do cindtose, en dohorn de ses
téperoussions physiologiques, ost toujours extr8mement
défuvorable. D'sutro part, le repérage d'une smbarcation
monopluce dans un snvironnenient howile constitue une
tiche difficile ot 1a coopération du naufragé constitue
souvent un élément déclsif, L'aputhie sngendrés par le mal
do mer peut donc se révéler critigue dans un moment
déeislf pout 1u réussite de In misslon de ssuvetags,




Enfin, il no 1aut pas oublier qu'un pilote peut 8tro blessé au
cours d’'un sbandon de bord et que son éiat no peut alors
qu'dtre aggravé par I'apparition du mal de mer et de s
eifets débilitants.

[ CONCLUSIONS

L'eruemble des données de la littérature et des perspectives

-découlant dea élémenta nouveaux liés & [I'évolution des

matéricls ot des tdches des Aquipages de I'méronsutique
militaire permottant de sltuer les cunsbquences
opdrationnelles das cinétoses dans le contexts actusl des
opdrations aériennes. ot spatiales.

L'incidence des cindtoses en deolo de pilotags samble
reiativement sluble et son unpact sur la progression des
Sléves st relativemont bien maftrisé. Le réel problbme est
celui de P'sffort qu'll faut consentir pour améloirer le taux
d'attrition Ué au mul de I'air, La naturo do cet effort ost &
I'haure actuelle dtroliement 1liée aux possibllités de
recrutement et i la philosophle générate adoptée.

La survenue de manifestutions de cindtose chez des pilotes
optrationnsls mettant en ocouvre des systdmes d'armes ot
des misslons complexes constitue sans sucun doute ‘une
situntion préoceupunte, Ce point mérite trds certainement
uno srvelllunce particulibre, Jo suivi de terrain automatique
ot l'utilisation de vislonique montde sur le cusque du pilots
et do dispoaitife d'aide & Iu vision nocturne comportant des
8lémants particulidbromant propices su déclenchoment des
cinétoses. .

L'incidence opérationnelle du mal do l'ospucs constitue
toujours un point d'intérét soutonu, 8i les faite montrent
qus  cans  besucoup de cas les  consdquencas
nourosensoriclles de l'adaptution & s microgravitd
domourent modéréss, los risquos potontiols dana dos
situutions critiques survenant dans lox premidres hourcs du
vol persistent La durds des vols constitue un é&lément
d'importance pour le retontisssment sur les opérations.

Enfin, lea conséquences cles cinbtuses sur la survie en moet
sont bien conntuss ot représontont toujours une menace
importante pour le devenir dos dquipages contraints A
'abandon de bord lors de survol maritime,
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SUMMARY

From a conceptual viewpoint, individual differences in susceptibility to motion sickness are
determined by differences in: initial reactivity (recepiivity), ability to adapt to the motion, abitity to
retain the adapiation during abstinence periods, und abllity to reinstate adaptive responses upon re-
exposure to the motion, From a theoretical viswpoint, the adaptive adjustment involves alteration of
the timing, magnitude, and direction of sensorimotor reactions so as to increase the efficlency of
posturdl control in the motion environment, However, the threshold linking the sensoritmotor adaptive

10cess 10 the processes that cet-off the signs and symptoms of motion sickness may also be an
ndividual characteristic. A conceptual model is presented to organize the discussion of individual
differences in motion sickness susceptibility, Factors that have been reported to influence incidence of
motion sickness such as age, mental actlv:x, anxiety and fear, perceptual style, physical fitness,
active contral of the inducing motion, concomitant visual stimulation, gunllty of the initlal exposure to
the motion environment and condltioned motion sickness are discussed,

INTRODUCTION

Motlon sickness is a significant problem in every mn}jor form of modern transportation,
including space travel (Homick, 1979, Homick et al, 1984). In passengers, lts effects range from
mild discomfort to severe dlslurf:nncc. and in crew, effects range from lowered enthusiasm for work
to Incapacitation for any useful activity, Extreme prolonged sickness i  threat to sutvival, In flight
tralning, air sickness is a significant cost due to increased tralning time and attrition of some otherwlse
iwel'll;quallmed individuals, Operational significance of motion slckness 1s reviewed by Leger (1991)
n this volume,

Motion sickness is a normal response to an abnormnl motion environment, and it {3 likely that
anyone with a functional vesdbular system can be made sick by any of several foruis of provocative
motion, However soine people succumb to provocative motions much more readily than others, and
different environmental and personal conditions can increase incidence of sickness engendered by a
given motion stimulus, This chapter deals with individual differences in motion sickness
susceptibillty and with factors other than the motion itself that alter the sickness incidence. The
chapter by Qriffin (1991) deals with characteristics of motion that influence sickness incldence.

The Scope of Individual Differences

The magnitude of individual differences in reactions to provocative motion can be clewrly
appreclated by exposing each of 20 flight students to a sequence of head tilts during whole-body
rotation at a speed of 15 rpm. 1t is probable that one subject will describe the experience as
“absolutely dreadful," to use the scale of Lawther and Qriffin (1986), while another will find the
experience intereating and not disturbing as indicated by requests for repetition of the experience with
stronger stimuli. Among a group of indlviduals who have chosen a career in aviation, similar in age
and background, a few abhor and are visibly incapacitated by a motion stimulus that a few enjay, The
immediate reaction to such a stimulus foretells subsequent sickness if the exposure s continued,
although prediction from initin} renctions is far from petfect, Nevertheless, immediate reactions are
sll gﬂ;lcantly correlated with subsequent problems in aviation (Lansberg, 1560. Ambler and Guedry,

6).

Immediate reactions to provocative stimuli fail to reveal the scope of important ditensions of
differences in reactions to motion. Some Individuals recover vety slowly from a given level of
sickness whilo others recover more quickly, A very important category is chronic sickness where
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despite prolonged and repeated exposure, severe sickness continues. This category is most ensily
idemificd in scasickness, where ample opportunity to adapt fails to yield improvement. While trug
members of this class are rare, they shouﬂi be studied in detail to answer some questions that will
arise in this chapter,

Nature-Nurture

From earlier considerations of mechanisms of motion sickneas (Guedry, 1991), we infer that
motlon sickness uusceptlbllltr (MSS) would be dependent upon the individual's history of exposure
to unusual motions but if individuals are somehow intrinsically different initially, then not only will
they have controlled, to some extent, their exposure historles but their current state of adaptation will
depend upon intrinsic differences in adaptive capacity and adaptation retendon. Thus, immediate MSS
of individuals involves the classical nature/nurture problem of understanding human behavior,
Because motion sickness (s a specific and falrly measurable aspect of behavior and because exposure
history Is also falrl( meusurable, advances In the understnndlnabof MSS may also provide an approach
to the greater problem of understanding human behiavior (Mirabile, 1990),

MOTION SICKNESS: AN ENDURING TRAIT THAT CAN BE CHANGED

Based on the conceptual model presented earlier, missmatch between perceived and expected
spatial orientaiion reactions intiates two processes - one that alters the adaptive state of the individual
and another accumulation process that lends to the sickness syndrome, In turn, the adaptive state of
the indlvidual depends upon 1) histoz of motion exposure and 2) how the individual reacted to and
has been shaped by the motions experienced. Figure 1 deplets factors influencing individual motion
sickness susceptibility to a particulur motlon of stimulus. Adaptution achieved in a motion
environment depends upon the activity of ths individual In that environment - what the individual has
been required to do or wants to da and tries to do. Adaptation to avintion in individunis whose
exposure predominantly involves piloting and lenrninP to pilot the alrcraft differs from adaptation
developed by Individuals whose exposure, though equivalent in hours, Is that of n passenger, Pllots
sometimes become sick when they are in the back seat. History of exposure ly thus not a simple
accounting of type and number of hours of exposure, It s compticated by the fuct that the individual
purtially determines the history and the history changes the individual,

In addition to the individual's long term motion adaptation capabilities, other personal factors
can alter immediate susceptibility to a particular motion environment, Exnmples of temporary

Motlon History

What kind? What Jobs?
How similar? Past
How muah? Preswnt
How regent?

Particular /l\

Motion Bu:;ogt!blllty

Stimulus ; ; ndex
apive St ]

Aduaptailon Retention "F sposing
Adaptatior Oapacity l i ‘: °:'°"':

Motlon Adaptation

Constitutional Factors

Figuie 1. Factors in individual susceptibility to sickness with particular motlon stituli,
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Eredisposing factors are temporary gastrointestinat upset, inner-ear inflammation, alcohol lnrestion,
cadache, and perhaps scvere emotional involv .ment in family matters, More enduring predisposing
factors include the psycholegical characteristics that determined the individual's selection of past
motion environments, ingividual adaptive strategy and effort to perform within the environment, and
perhaps individual fear of the environment itsclf.

Evidence that motion sickness is an tralt has led to much speculation about personal
characteristios that caure this "weakaess." The evidence consists of the fact that individuals who
become sick with one kind of %‘mvocnlve motion also tend to become sick with other kinds of
provocative stimuli, .0., susceptibility tends to he constant over different motion conditions (Graybicl
and Lackner, 1983, Crampton and Young, 1953, Kennedy and Oraybiel, 1962, Hixson gt al,, 1984,
Lentz, 1984). Individuals susceptible to motion sickness early in life tend to be toubled by sickness
later in life. Motion sickness is an enduring tral: over time and type of motion. Motion sickness
history questionnaives are perhaps the besi current available predictor of sickness in new motion
environments (Kennedy gt al. 1990, Hixson ¢t al., 1984). Part cf this section deals with
mechanisms that might be the basis for idiosyncratic reactions.

The evidence that suggests that mntion sickness is an enduring trait also suggests considerable
independent variation, The comelation coefficients over different provocative stimull are not very
high particularly when large samples arc studied. Motion sickness history correlates significantly with
provocative test scores (Lentz, 1984) and also with sickness in operational environments (Hixsor. gf
L. 1984), but again there is much room for independent variation. While some of the "weakness" in
correlations is probably attributable to reliability of measurement of the ictor and the criterion
(Kennedy gf al., 1990, Reschke, 1990) which limits the prediction correlation, almost certainly some
of the weakness is aitributable to changes in some individuals, and not to elastic measurement. In our
studies (Prewlitt 1975, Hixyon gt al., 1984) some individuals were highly susceptible to one kind of
stimulus but relatively unaffected by another, even though the provoking stimuli were equal in
duration and equivalent in provocation incidence. The fact that "desensitization procedures” are
effective in returning airsick aviators to flight status shows that adaptation can serve to change the
individual. The flight instructor who experiences flight simulator sickness, while his beginning Right
student does not, also illustrates changes that occur through experience with particular motion
enviionments. Part of this section will deal with fuctors that would serve to change motion sickness
susceptibility in individuals from one time to another.

A CONCEPTVJAL MODEL AND FACTORS THAT ALTER SUSCEPTIBILITY

_ Figure 2 will serve as a puide for reviewing mechanisis of the reaction to motion that
contribute to idiosyncratic reactions as well as 1o changes in reactions of individuals over time and

over different stimuli,
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Figure 2. Conceptual Model of Mechaninms of Moton Sickness
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‘The Motion Stimulus -

On the left side of Figure 2, is the motion stimylut The fact that motion sickness tasida to be
an enduting trait over different forms of provocative siimuli scems to lead some investigators to the
Idea that, as far as motlon sickness is concerned, all ﬁrovocative stimuli ave qualitatively alike, i.e,
they differ only in regard 1o how mich sickness they generate, This ides, if wrong, leads to
inappropriate interpretation of experimental results, Moilon stiruli that are equally provocative can be
quite different in some aspeots of the total psychological and physiological reactions they generate,
Differences ir. particular aspects of the total reaction could determine wheths or not measures of some
"oredisposing” factor such as trait anxiety achieves significant correlation with treasures of motivn
sickness gencrated by a Partlcular stimulup,' Expetiencing the obviously safe off-vertical rotation at
12rpm in a laboratory differs considerably from the initlal experience of aerobatic maneuvers in high
periormance aircraft, Differences.in psychological impact of motion are more subtle than this example
would imply, Le., differences are not necessarily ascertalnablt from a ‘common sense' evcluation,
For example, off-vertical rotatlon in the dark at about 15rpm is not at all unJ)lea'sam initlally. Subjects
find intmstlntﬁ the fact that the path of hody motion they perceive is quite difterent from the true body
motion, For those made sick by this motion, the pleasant reflection on an intetesting experience gives
way 1o stomach awareness which can progress fairly quickly into nausea and vomiting. Before the
nausea begins, however, these subjects would be quite willing to repeat the experience.

In contrast is the effect of head tilt during whole-body rotation at 15rpm. Within the first
second of experiencing this cross-coupled stimulus, a number of subjects are aware that they do not
like it and are even mmediatelf' fearful of the experience. Both stimuli involve canal/otolith
missmaich, both induce sickness In many subjects but the immediate perceptions of the two stimuli
have quite different emotional overtones - even to those made sick by both stimull. 1tis curious that
only a few individuals find the tross-coupled stimulus sufficiently interesting to want more of it
whereas most subjects find the off-vertica! stimulus interesting and want to observe it, until slcknesy
symptoms begin. Differences in the tutal reactions to different motion stimuli may explain some of the
inconsistencies in this challenging arca of research,

Motion Sensory

Becnuse absence of vestibular function confers immunity to motion sickness (reviewed in
Renson and Brand, 1975), measures of vestibular function have been explored for thelr potential
relationship to MSS, Thus far, vestibular functicn, as tested, hns not shown a clear relatlonship to
MS3, other than the immunity that complete loss of function confers. With very few exceptions,
measures of vestibular function in these stucics have been limited in scope and low in reliability,
Kennedy et al. (1990) provide a convenient tabulation of relevant studies. Bles gt al., (1984) found
thut rates of decay of canal-mediated responses to imfulse stimuli, the often-investigated
‘cufulogmm’. (Reason and Brand, Chapter 7 1975, Dowd, 1973, Dobie, 1974, Mann and Canella,
1956, Reason, 1967), failed to discriminate seasick from controls, but labyrinthine imbalance
apgeurcd more frequently than expected in caloric tests of the seasick group as did unusual visual
influence on body sway (see ‘field-dependence’ below).

Results of Bles g1 al, (1984) suggest that adaptive capacity may be depleted by the recovery
from partial loss of function, leaving sume individuals, whose capacity may have been marginal
initially, chronically motion sick, when exposed to a provocative environment. Following sudden
loss of vestibular function, motlon sickness is generated by ordinary voluntary body movement for
several days and weeks, untit adeptation to the loss (or partial loss) oncurs. Physicians would like to
have tests that forecast individual adaptive capacity when the treatmentis they ave considering threaten
the loss of vestibulur function. Some individuals never adapt to the loss successfully. Inputs from
the visual and somatosensory partners in the control of body motion induce sickness while relative
gains among these partners are adjusied to compensate for the reduced vestibular component,
Adjustment continnes uniti! avtomaticity in the control of body motion relative to the earth is achieved.

Failure to find clear and strong refationship to MSS is to be expected considering the number
of causal factors and the problems faced by investigators in measuring vestibular function quickly in
large numbers of subjects. Some scatter plots that comprise cupulograms more closely resemble
circles than ellipses and finding the cupulogram slope is more imaginury than meusurable in many
responses. Measuremoent of vestibular fuiction and its interactions with other sensory motor systems
is itmproving and wechaical advances will enable assessiments thet are far more adequate than were
feaste in the past. Exploration of this arca, particularly regarding interaction muasures and their
changes with repetition, is far from complete but it is still a formidable challenge.
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Perceptual-Motor Adaptation

Reason, in the course of a well-organized study of motion sickness (Reason gt pl,, 1969-

1978), proposed that a large part of individual variation in susceptibility is attributable to individual
f . and ratention of adaptation. Receptivity, which refers to idiosyncratic
processing of sensory information by the central nervous sysiem, was inferred from studies (Reason,
1967a). showing relutionships between motion sickness history and the slopes representing the
rolationship between response magnitude and increments in intensity of different sensory inputs. The

{dea is that some individuals characteristicall dam%down stimulatinn whereas others characteristically

amplify it, irrespective of the stimulus condition. Receptivity, which is a broader concept of how the
individual interacts with his environment, should be considered with perceptual style, discussed later,
but it is included here because of its relation to perceptual-motor ndaptation. If in our conceptual

. model we assume that those who have high receptivity also are strong reactors to sensory missmnatch,

then the model suggests that those with high receptivity would be more aroused to commence the
adaptive process and also more liable to rapid titration toward the sickness endpoint,

Reason also presents evidence that adeptation capability is not necessarily closely related to
receptivity (Reason and Graybiel, 1972). For example individuals who exhibit extreme reactions to
cross-coupled stimulation may be fast adapters, fast enouTh to reduce micsmatch before the
neurochemical link achieves threshold level, While our studies show some relntionshlr between
irumediate reactions to provocative stimuli and subsequent airsickness susceptlbllltf', many individuals
with extreme reuctions adapt quite successfully to aviation (Guedry and Ambler, 1972, Hixson gt al.,
1984). Reason also found individual variation in retention of adaptation, Thus receptivity,
adaptability and retention appear to be separate factors. Again referring to the conceptual model in
Figure 2, if missmatch magnitude diminishes and if adaptation retention is sufficient then likelihood of
sickness with successive exposures to ship or aircraft motion is diminished. In Figure 2, the large
central ares represents hypothesized components of perceptual-motor adjustment whereby missmaich
magnitude is reduced which in tumn lessens the chance of sickness.

Autonomic and Neurochemical Adaptive Change

In recent years several procedures have been successful (Bagshaw and Stott, 1985, Jones gt
al., 1985, Stott, 1990) in treating airsick aviators, Most procedures employ repetitive exposure to
cross-coupled stimulation incrementally increased in magnitude in dallr training sessions until the
aviator tolerates stimuli considernbly stronger than were initially tolerable. During this conditioning
process, changes in pemcgtunl-motor resronse to the provocative stimuli occur but there is reason to

uestion that this is the primary source of protection for the aviator. A recent summary (Stott, 1990)
shows that a rnnfe of procedures have been successful with arsick referrals in different branches of
the military services and in different nations, In recent yeuars, the most common adaptation stimulus
has been incremental cross-coupled stimulation although in the past others have been used (Gibson
and Manning, 1943). Adaptation to vertical linear oscillation apgenrs less readily achieved than
adaptation to cross-coupled stimuli and tolerance gained to either stimulus form may transfer
minimally, the one to the other (Stott, 1990, p. 378). From casual observations in our labotatory we
suspect that adaptation to off-vertical rotation is also difficult. This is an important area for in-depth
study. How can adaptation to incremental cross-coupled stimulation transfer to the flight environment
if aduptation Is minimal to low frequency vertical linear osciilation or off-vertical rotation? The
effectiveness may depend upon improved control of the autonomic aspect of the reaction in the flight
environment. which is actually less provocative than the sustained unrelenting stimulation ihat occurs
with off-vertical rotation or with steady-atate vertical linear oscillation. The flight environment, even
in acrobatic training, offers many fairly sustained recovery petiods between provocative maneuvers
which are anticipated before they occur,

A procedure called autogenic feedback training (AFT) concentrntes on bringing the autonomic
component of the response to motion under volun‘ary control. Cowings (1990) proposes that AFT
does not involve perceptual-motor adaptive mechanisms but rather increases the threshold to the
neurochemical link. In other words if the autonomic aspect of the total reaction is suppressed thon
the arousal due to missmaich would be reduced thereby reducing neurochemical bulld-up and also
motion sickness. We might alzo expect that if AFT reduces missmatch arousal, then Pem tual mntor
adjustment would also be obviated, if the task and environment it effective funciion without
Femeptual-mom change. Because the adaptation procedures used in treatment have not been optimal

or perceptual-motor change, this may be an appropriste view of tlie effects of some of these
procedures, including the AFT of Cowings'. On the other hand, It is clear that envirunmen_s that
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demand percepiual-motor change for effective function (Melvill-Jones, 1988, Quedry, 1965, Guedry,
1964) yield dramatic perceptual-motor changes that parallel reduction of sickness and are probably
instrumental in preventing sickness. Cond tlonin% with optimal conditions for perceptual-motor
adjustment may yield beneficial wansfer effects by improving 'learning-to-learn'. Perceptual-motor
adaptation appears quite stimulus specific when tested soon after the ndngunion procedure but after
several days, more general adaptation becomes apparent (Guedlz. 1965). Intensive incremental
exposure to cross-coupled stimulus seems to yield more general adaptation (Graybiel and Knepton,
1972), 1t is likely that both perceptual-motor leaming and the threshold to the sickness syndrome can
be altered with conditioning procedures, Both may be somewhat idiosyncratic in the first place
creating individual differences in susceptibility that can be altered by conditioning procedures. Aside
from the excellent comparative series carried out Reason, wherein adaptation and adaptation-retention
were observed with systematic variation in visual-vestibular conditions (Reason and Brand, 1975),
and the studies mentioned by Stott (1990, p.378), we have insufficient data-base for further
specifying or amending the conceptual model represented by Figure 2,

Both mechanisms, adaptive perceétual-molor change and adaJ)tive autonomic control, involve
something akin to leamning. However, Graybiel and Lackner (1980), who found no evidence for
correlation between liﬁnl of sickness and physiological indicators of autonomic acdvitg. challenge the
valua of AFT, a challenge discussed in some detail by Cowings (1990, p.354). Since Graybiel
(1969) proposed a "facultative link" between the perceptual-motor adaptive process and the onset of
sickness, we seem to have 1 concensus for a linking threshold in a conceptual model. Whether the
threshold can be modulated through conditloninr the exact nature of the threshold, and where the
threshold should be located in the chain of events Is somewhat debatable (Oman, 1990).

That the threshold linking é)erccptual-motor adjustment to the sickness syndrome is subject to
conditioning is sugfested by evidence for conditioned luuceptlbﬂl:r to motion sickness (see Fox,
1990). Money provided a convenient sumunary of evidence for conditioned susceptibility:

“There ure reports of 'sea sickness occurring at the sight of a ship [or] mounting the
gangway‘ (180). Such reports are frequently heard as anecdotes about persons who
ave been sick previously at sea (82, 253), and such sickness can be considered an
ordinary conditioned response in which the primary and associated stimuli together do
glve the same mlponae as the associated stimulus alone. Everyday reporty of this kind
of sickness usually do not mention vomiting, and it is reported similarly that ‘with
chronic administration of emetics to dogs and cats, there {wns] observed no instance of
frank vomiting as a conditioned response; on the other hand, conditioned salivation
occurred in a number of cases.’ The authors refer to other studles in which
conditioned vomiting was achleved (41). Again, although mnny repetitive swing tests
of dogs have been reported (27, 215, 230, 294), only one animal Is reported to have
vomited as a conditloned response (230), Ordinary conditioned vomiting of this kind
in man is also rare, but it has occurred (253).
(Money, 1970, p.16; reference numbers are thuse of Money).

Psychological Aspects of Motion Sickness Susceptibllity

The idea that motion sickness is a byproduct of a protective mechanism against neurotoxing
(Money, 1991) does not seem consistent with consideration of motion sickness susceptibility as a
product of disturbed psychologic function, but the question of psychological correlates, causal or
otherwise, has been a persistent one in this field. The presence of psychological correla, es suggests that
MSS is, at least in purt, an enduring psychological trait. The autonomic reaction to snotion stress is
individualistic (Cowings, 1990, p. 3 6§’ln that ... "no two individuals produce precisely the same stress
profiles”... as indicated by differing patterns of physiological indicators of autonomic activity, High
scores on neuroticism, anxlety, feminism and Introversion scales correlate with high motion sickness
history. Considering results of a number of psychological tests, Collins and Lentz (1977, p.593)
concluded that nonsusceptibles “'appear better prepared to cope in & nonemotional manner with stressfnl
situations, whereas susceptible individuals may be more likely to manifest emotional responses in the
same situation.” These authors were careful lo point out that thelr findings were based upon extremey,
susceptible and nunsusceptible, in a very large sample. Put in aviator training perspective, scales
designed to measure these personality traits yleld statistically significant but ‘ow correlatlon to motion
sickness as measnred by guestionnaires; and motion sickness history questionnalires yield statistically
significant but Jow conelation to measures of alr sickness in early stages of flight minlnﬁ and measures
based upon an entire early stage of flight tralning have a correiation of about 0.6 with the next stage of
flight training (Hixson gt.al, 1984). This means that a number of individuals with high scotes on
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nevroticism, anxiety, feminism and introversion will have little trouble with airsickness in fiight training
and if a representative sample of all flight students, not just extremes, is evaluated, then correlation
between any of these measures and MSS will be very low. The number of factors entering into MSS
does not permit any one measure to be highly correlated with measures of motlon sickness susceptibility,

Fear and Motion Sickness

Physlcal characteristica of motlon stimuli and factors other than fear and anxiety are the principle
determiners of motion sickness (Reason and Brand, 1975, p.192) but some of the symptoins that
accompany fear and anxiety also are associated with motion sickness, In some motion environments,
like that of the student pilot, anxlety and fear may heighten arousal to the point that subconscious

erceptual-motor adaptive learning as well as the learning of flight tasks is impaired and in our model
ncreased arousal may hasten sickness end-points. But fear {s not a prlmn%_'t"actor in motion sickness,
many motions that are obviously not dangerous are extremely provocative, The views of Wendt (1948)
remain valuable today:

"When people speak of psychological factors in motion sickness, they usually refer to
one or more of seven different classes of factors, more or less distinct from one another.
Let me state these with special reference to airsickness,

1. Bxpectation and suggestion. What the traveler has heard about airsickness,
the attitude he sees others adopt, the observed effects of rough air on others, and his
expectations from his own past experience affect liability to sickness,

2. The specific conditioning effects of past experience. Sickness in autos, boats,
amusement park devices, or airplanes tends to condition nausea to whatever stimull were

resent at the time. These include sights, sounds, odors and, most important, the stimuli
rom motion itself,

3. The specific habltuation effects of past experiences, Experience ordinarily
lessens susceptibility by eliminating the unexpected, leading to a more correct estimate of
the chances of sickness, and by setting up some barrier against elicitation of nausea such
as ovcurs whenever stimuli are repeated.

4. 'The effects of concurrent uctivity, Alrplane pilots and auto drivers
Infrequendgeget sick; navigators and passengers more often do. No helpful explanation
of this has been proposed but it aﬁpem to be well-authenticated that the nature of one's
activity can have a considerable effect on proneness to sickness,

3. The effects of concurrent emotional state, Apprehension, fear, anxiety and
grief are often present when passengers become airsick, Opposing emotional states of
confidence, satisfaction and well-being are regarded as preventing sickness.

6. Alrsickness may be a motivated symptom which frees a student by wash-out
from a situation which he wishes to escape.

7. Airsickness may be a weakness associated with certain personality tys)es. e.8.
anxiety neurotics, who ure more susceptible to the effects of the psychological factors
involved in flying,

In the brief space available it is not possible to review all of the evidence for the
effectiveness of each of these seven classes of psychological factors.

The effects of expectation or su%geslion. conditioning and of inexperience are
authenticated by laborator‘y experiment, by the general teatlmon¥ of those who become
airsick, and by statistics of sickneus rates gathered from flyers. It is clear that thess are
important contributory factors.”

In 1948 Wendt was attempting to correct the icdea that airsickness is primarily due to fear but he
clearly included fear and anxiety as potentiating factors, Wendt contrasted findings of relationships
between personality traits and motion sickness, where both were measured by questionnaires with
relationships between personality questionnaire measures and sickness as measured in flight training.
The following partially summarizes his findings:

"The additon of all the Eenonallty Iterns predictive at the .25 probability level or
better to the 1 per cent scoring key served to raise the corcelation between questionnaire
scores and the airsickness scores only from +.43 to +.45, From these data we conclude
that airsickness was to only a nll,ht degree associated with such personality traits as wers
measured by our questionnaire,” (Wendt, 1948, p.28),

Wendt clearly includes several psychological factors as potentiators of airsickness. In this
connection the simple preventive measure of an Introductory lecture, explaining alrsickness to flight
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students just prior to commencement of flight training, seems to provide a substantial decline in the
incidence of subsequent airsickness (Roth and Rupert, 1991).

Perceptual Style

Much of the interest in perceptual style and its relation to motion sickness stems from the work of
Witkin (1949-1950) whose studies of spatial orientation seemed to reveal two classes of people, those
who:e perception of the verticality of a line seemed to be controlled by surrounding visual framework
and those whose perceptions were more controlled by bod{ cues so chat judgements could be made
independently of the surrounding visual framework. The former were referred to as field-depedent
(meaning visual-field-dependent) and the latter were referred (o as field-independent, Observations were
carried out In a variety of conditions wherein a rod, pivoted at its center, was manipulated to apparent
verticality while the rod itself was centered in a tilted square frame or in a tilted room. Sil‘:llects were
cither seated upright or tilted relative to gravity or relative o the resultant force while enclesed in a room
which could be tilted relative to gravity or to the resuliant force (generated by a centrifuge). The
pronounced individual differences seemed 10 be enduring characteristics as indicated by high test-retest
reliability, for both men and women, on the order of 0,87, with a year intervening between tests,

Witkin found marked sex differences, women being exceptionally field-dependant, and men
tending to be field-independent. ‘This parallels differences in motion sickness susceptibility of men and
women, He then correlated Rod and Frame Test (RFT) scores with a varlety of non-orlentation
Pcrceptlon tests, Significant correlations led to the conclusion that particular modes of perception
‘represents a deep-seated characterlstic of the individuul," Proceeding on, Witkin (1950) examined
relationships between the RFT and a broad range of personality tests, concluding that there is an intimate
relationship between perceptual style and the basic personality structure of the individual. Potentially
relevant 1o motion sickness susceptibility was the conclusion that those who depend upon visual
exFeriencc in their pmertlon of the upright tend to be charncterized by pnssivity and anxletﬁ. fack of
self-awarsness and inability to organize coPlnf, responses (atong with vther seemingly undesirable traits)
whereas field-independent (FI) people, “who rely mainly on postural experiences”, tend toward
self-nssuredness, activity, self-awareness and body-confidence,

These remarkable conclusions have led to investigations of the relations between perceptual style
and motion sickness susceptibility, a number of which, as tabulated by Kennedy et. al. (1990), yield
significant correlation with motion sickness scores but the ﬂndlnFs are not consistent, Reevaluntion by
Frank and Casali (1986) s:(Hests relationship between fie d-dependence and motion sickness
fu(:fei‘éll?‘}lily' ‘The spatial model in Figure 2 may be subject to some "deep seated characteristics of the
ndividual."

The following differences between studies probah% Benerate apparent inconsistency in resulis
between studies of relationship between fleld dependence (FD) and MSS}:) 1) Studies that involve only
subjects with minor differences in FD, 2) Studies that involve only selected extremes in FI/FD, 3)
Studies that involve provocative stimuli that are minimatly provocative, 4) Studies that use stimuli that
are immedlatol{ highly provocative, $) Studies that differ sonsiderably in the qualitative aspects of the
provocative stimull. To ignore the qualitative aspects of grovocatlve stimuli seems unwisc when
searching for personality correlates. The least attractive possibility to those pursuing this area is that the
ideu should be discarded,

Continued exploraticn in this area may be fruitful particutarly if interdisciplinary teams are
involved that include riembers with substantial backgrounds in each of several ker physics of motion
stimulus areas viz., motion stimuli, motlon sickness, vestibular function, perception and personality.
Individual differences in the gnamics of the response to some motlon stimull are very impreasive.
During deceleration from a 3 C, centrifuge run, \he otolith system can be stimulated so that it signals
essontially upright posture relative to the earth while the semicurcular canals signal high-velocity forward-
turable ¢ ucdrry and Oman, 1990). With subjects in complete darkness, a typical perception is that the
budy pitches forward to approximately a 90 degree nose-down position where it remains despite a
persistlnﬂ paradoxical and confusing forward tumble angular velocity that Is superimposed. It is s
though the canal-mediated angular velocity signal can induce only so much distortion of the otolith-
mediated angular position perception. However this typical perception is not the only Kemeptlon because
o few subjects report head-over-heals tumbling during this same stimulus, as though their otolith (and
pro&rioce tor) position inforination were completely overcome by the cana! information. Howard
{1990)), who has excellent “Pitch-vection" research devices has indicated similar individual differences -
most subjects seated upright relative to gravity, can be displaced in perceived pitch position relative to
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gravity only so far, ?.. 45 degrees, by visual pitch vection, but a few experience pitch tumble through
several revolutions. Exploration of relations of these individual differences in relation to adapuation to the
aviation hvironment and particularly the aerospace environment may prove interesting.

Sex Difterences

A consistent finding is that women are more susceptible than men to motion sickness (Money,
1970, Reason and Brand, 1978, Lentz and Collins, 1977), recently confirmed by Lawther and Griffin
(1987, p.986) for ship motion (sea-going ferries), Incidence in women appears to be heishtened near to
r?elr::wmon and during pregnancy, suggesting a hormonal factor (Reason and Brand, 1975) in motion
sickness,

Considering the recent increased interest among women in physical fitness conditioning and in
contidering aviation as a career, it would be interesting to determine sickness incidence among women
according to physical fitness level, Several recent studies have m%guted that exceptional serobic fitness
in men increases susceptibility to motion sickness, possibly dus to hormonal chunges (Banta gt al,, 1987,
Whinnery and Pumnell, 1987, Cheung, et al,, 1990). If extreme fitness in women has hormonal effects
what will be the effects of exceptional fitness in women on motlon sickness susceptibility?

Motion History

Every aspect of the vestibular-mediated physiological reaction to motion seems to be modifiable
by previous experience and it has even been suggested that the reactlon to accelerative forces of
the vestibular transducer may be modified by changes in stiffness of the cilia in the transducers (cupulae
and otolithic maculae) through vestibular efferent control, a mechanism that is reasonably established for
auditory outer hair cells but doubtful for vestibular hair cells. The modifiability of responses by
experience tends to cloud detection of enduring idiosynoratic responses because responses of individuals
can be chariged and the changes can be long lasting (Reason and Disz, 1972). As indicated earlier, the
motion environments that constitute an individual’s motion history are alco, to some degree, determined
by the individual's personality. The environments entered, and the activities in the environment are
&mlnll determined by the personality of the individual, Thus exposure history and personality are

tertwined in the current state of the individual,

A number of questionnaires have besn developed in efforts to obtain quantitative as well as
gualltatlve information for motion history and motion sickness history; see reviews by Reason and

rand, (1973), Kennedy at al., (1990), Collins and Lentz, (1977). Many questionnaires were developed
in pursuit of the idea that motion history reveals perceptual-motor and attonomic-response adaptation
oggommhy and sickness history reveals idiosyncratic sickness susceptibility, Another idea (Prewitt,
1975) is that the individual’s motion exposure history, panlculnrlly; early in life, has been critical in
development of many enduring characterisiles including personality characteristics,

In early infancy, motion is predominantly passive, and its quantity and
quality depend on the exigencies of life. The possibility that early differences in
exposure to motion might have developmental implications has been a maiter of
substantial interest recently (Peto, 1970; Ornitz, 1970; Prescott, 1971;

Guedry, 1972), although the idea ... Is not new (Petersen and Ralney, 1910),
There are several basic ideas which can be considered in this connection: (1)
Deprivation of passive motion early in life may prevent normal neurologlcal
development of motion control systems. The effects of sensory deprivation on
neurological systems such as the visual system (Kolata, 1975; Greenough,
1972) could be expected to apply to this system as well, considering its close
interrelation with both the visual system and motor systems. (2) The quality of
early handling might condition idiosyncratic arousal reactions to motion which
in turn could influence neuroblological und bzhavioral development. (3)
Differences in development of skilled control of motlon could influence many
aspects of human behavior,
w1t has been indicated that passive, gentle oscillation of premature
infants improves general motor maturatlon, visual fixation and pursuit, and in
fenenl. overall henith (Neal, 1968). A series of studies (Korner and Thoman,
972; Pederson and ter Vrught, 1973; Pomerleau-Malcuit and Clifion, 1973)
offer renml support for these dndlngl and suggest that regimens of vestibular
stimulaton in early life may have more developmental significance than special
regithena of sudltory or cutaneous stimulation. The possibility that reading
disubllivies and some pasychiatric disorders may Involve anomalies in
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vestibulocerebellar development has also been indicated (Frank and Levinson,
1973; Holzman et al,, Hallpike gtal, 1951) but not without some controversy
(Stockwell gt al., 1976). The stereot rocking behavior of psychiatric cases
and of monkeys in sensory deprivation experiments and the instability and
“swimming feclings” reported by mentally disturbed individuals have been cited
as evidence supporting the general idea that deficlencies in equilibration
systems, either genetically or environmentally determined, may somehow be
involved in the etiology of behavioral disturbances. While a range uf evidence
can be adduced in support of these theoretical positions, more specific
hgpothe:el and neuroblological experiments relevant to thess are needed.”
(QGuedry and Correla 1978).

The topic of motion sickness nuwegtlbillty in relation to behavioral deviation and psrchlatrlc
categories is being studied by Mirabile (1990} whose views reflect those of Witkin, Witkin found
tendency for shifts In field-dependence with age, and from svaluation of perceptual styles of young adults
in relation to a battery of personality test, he concluded that those who are intermediate between extremes
of Field-dwendence and Field-independsnce tend to be better adjusted than those who are at either
extreme (Witkin 1950). Thus, good perwnalit{ adjustment is not associated with either extreme,
according to Witkin, but this seems at odds with some of the recent findings of Mirabile, (1950)
concerning motion sickness in psychiatric populations.

SUMMARY OF FACTORS IN MS$

Several factots, proposed by several authors, are summarized in Figure 3, along with indication
of how they might interact with components of the conceptual mode!, History of motiun, from nature
and nurture petspective, is shown influencing idiosynoralic rece tlvlt¥. gerceptual style, autonomic
control and hormonal state. Rece tlvlt{. the iden (Reason, 1967a) of idiosyncratic tendencies that
augment or diminish all sensory inflow, is shown Influencing the gain of rgactivity state which Is also
adjusted for gain and response pattern through perceptual-motor adaptation, Emnm‘mmu influences
the spatial model which now includes migamatch assesament (perceived tumble relative to the earth may
not violate the motion control imperative of some individuals). Control of autonomic reactions has been
preconditioned and can be further altered ﬂll’OU}h adaptation procedures such as AFT, The hormonal
state 1s also subject to nature/nurture h!stor{. ‘or example aeroblc conditioning (discussed below).
Hormonal state modifies the neurochemical link. Arousal from vestibular missmatch (intravestibular,
vestibular/visual, vestibular/prorrloceptor) remains a focal point for both the pathway to perceptual-motor
adjustnent and the link to the sickness syndrome. Autonomic control influences autonomic arousal frorn
vestibular missmatch which together with hormonal state influences the neurochemical link,
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Figure 3, A summury of proposed {actors with indiction of possible interactions,
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Figure 3 provides a convenient overview of suspected factors in MSS, some more understood
than others, and serves to illustrate the complexity of predicting MSS. Much more specificity is needed
for this conceptualization to become a true model, testable by experimental observation. For example
function of the hormonal component (Koh!, i990) must fit with current information on anti-motion
sickness medication (Wood, 1990). As indicated at the beginning of the earlier chapter (Guedry, 1991),
the mechanisms of motion sickneas challenge the entire scope of neurosclence disciplines and all levels of
neurosciences are challenged by and must be used to challenge any conceptual model developed.

FACTORS THAT ALTER POPULATION INCIDENCE

Other than adaplation and idiosyncratic factors, a number of factors and conditions influence how
much sickness occurs in a provocative motion environment and whether or not individuals in that
environment will experience motion sickness.

If the job of the individua! permits, selecting a location within the motion platform may serve to
reduce or avold sickness, The magnitude of linear accelerations experienced varies with location within a
ship or large aircraft. When the entire ship or aircraft rises or falls, location makes no difference but
tangential and centripetal linear acceleration components increase in magnitude with distance away from
the center of any angular motion such as pitch or roll.

Supine body position is effective in altering sickness incidence (Manning and Stewart, 1942,
1949, Reason and Brand, 1975, £.94). Even the very disturbing effects of deceleration from a Hyper-G
centrifuge run are reduced when subjects are supine (Leger, 1984) for reasons not completely
understood. When in the supine position it is probably helpiul to looate the horizontal semi circular
canals in the plane of maximal angular velocity of the platform (usuall{ the roll plane of a ship), as the
vertical canals seem more productive of sickness (Benson end Quedry, 1971).

Fixing the head and body relative to the motion platform is helpful In reducing sickness (Johnson
stal, 1951, 1953). While this point has been challenged, there is no question about its effectiveness in
some motion environments, such as rotating rooms, or continually circling alreraft or during Earth-orbit,
Heud-rest fixation is helpful in avolding inadvertent head movements that ocour; even heavy breathing
induces inadvertant head motion. Frequent head movement relative to any moving platform increases the
probability of disorepant otolithic (Hyper-G, Hypo-Q) ¢ffects and cross-coupled angular veloclty
semicircular canal effects, all of which are nauseogenic,

Location on ship can also reduce nauseogenic odors. Anyone who hus been on a ship driven by
diesel engines during a following sea will recall the efforts of exrerlenced crew to find locutions away
from the diesel fumes that tend to envelope the ship when prevailing winds are from the stern, Money
(1970) ‘provldel a convenlent summary on cffects of odors, Reference numbers in the following are
those of Money (1970):

‘“Tobacco smoke, unpleasant odors, and even food odors have been ¢onsidered to
be promoters of motion sickness (12, 39, 50, 54), and since motion sickness occurs
mote readily in the presence of nauseating drugs (22, 34, 240, 249), it seems reasonable
to expect that it would occur more readily in the presence of a nauseating odor. Odors
associated with previous bouts of motlon sickness sometimes promote motion sickness
very effectively (253). It has been reported that the odor of pyridine promotes motion
sickness and, surprisingly, that the odor of toluol suppresses motion sickness (302)."

Ambient temperature has been found ﬂm to be a contributing factor in the genesis of motlon
sickness in & number of formal studies. Typlcally, in these studies, air exchangs was carefully controlled
to avold effects other than temperature (Wood and Qraybiel, 1970). My experience, [n studying
vestibular function over the years, is that when ambient ternperature In the chamber or capsule contuini:ﬂ
the subject is uncomfortably high, incidence of sickness increases in vestibuiar experiments not intend
to study motion sickness, Possibly odors associated with increased temperature are the predisposing
factor. The following quotation from Money (1970) is consistent with this interpretation:

““The time of day and the interval since eating a meal have been found to have no
influence on average susceptibility (6, 27, 35, 192), sxcept in one study (91) in which
the incidence of severe sickneds increased with time after the last meal to a maximum at 3
he and decreased, Ambient air temrmtum has been found repeatedly not to influence
susceptibility (75, 133, 152, 155, (92, 309), although persons suffering from motion
sickness frequently express a desire for cool fresh air, and many susceptible persons




consider excessive heat a contributing factor (50). It is possible that the odors that
accompany high temperatures in some situations promote motion sickness.”

Yisual conditions influence sickness induced by particular motion environments. A view of the
horizon from the deck of a ship can Influence Interaction within the brainstetn that lessens
intralabyrinthine conflict that would otherwise require resolution by higher centers (Guedry, 1978),
Vestibular reflexes that stabilize the eyes relative to the earth only potentiate sickness when the individual
is enclosed within a ship or aircraft. Closing the eyes can reduce this potentiating effect.

The layout of visual displays and the visual search task within visual displays also influence
sickness incidence, Displays that demand frequent and large head-movements would potentiate sickness.
Several studies show that tasks that require visual search within a cluttered display potentiate sickness
(Guedry..eial, 1982) even when the head is fixed relative to the motion platform and the display, In
motion-based simulators It is possible that peripheral visual motion linproperly phased to vestibular input
}vgi!’l 9;;otemlnte sickness when the task demands focused attention on cockplt displays (Guedry, et al..

The task of the individual in the motion environment not only affects the rate and form of
adapiation to the environment but it also Influences sickness susceptibility in the environment, Mentally
dwelling on motion sickness symptoms or envisioning motion of the body in space seems to potentlate
sickness, whereas, mental involvement in an interesting task has preventive effects, if the task does not
involve a nauseogenic visual display (Reason and Brand, 1975, pp. 71.73).

A number of personal factors influence susceptibility to motion sickness. Age which
unfortunately is beyond out control is a factor in motion sickness susceptibility, It has been reported that
motion sickness is rare before the age of two years, that it Increases to a maximum by about the age of
12, declines between 12 and 21 and declines still further before the age 40 years (Reason and Brand,
1975 p.87). Beyond the age of 50, motion sickness was reported to be rare in civil aircraft (Lederer and
Kidera, 1954) but Lawther and Griffin (1986) reported that 22% of those suffeting from sickness on
Channel Island ferry crossings were over the n*e of 59 years. Age does not confer immunity to highly
provocative motions, but declining incidence with advancing age may be related to declining vestibulur
afferent information with advancing ege. Lawther and Griffin (1987¥use different values for constants
in their equation for predicting sickness incldence, depending upon the age as well as sex of the subjects
that make up the group,

Other predisposing factors that have been indicuted ure fatigue, alcohol ﬁnnd of course a varlety of
drugs) and emotional state, Dowd (1975) found evidency that sleep deprivation altered the vestibulo-
ocular reflex to the provooative cross-coupled stimulus and theorized that fatigue reduced the motion-
sickness suppression that pilots had achieved through flight experience thereby rendering them more
susceptible to the cross-coupled stimulus, Clearly more information is needed in this potentiaily
impottant, but difficult to study, area. Consider the problems encountered in finding experienced pilots
who will agree to congregate for the study the effects of their sleep loss an ua;k tolerance of purposely
provocative motion - an important consideration for those interested in conducting research In this topic,

MYSTERIOUS VISITATIONS AND A GENERAL PRUDENTIAL RULE

Anyone who has worked in motion research for a number of yrars becomes personally aware of
occasional heightened susceptibility to motion exposure in laborator{ devices, Rensons for these
variations are not clear. It is natural to suspect that immediate motion sickness susceptibility would be
influenced by conditions and activities that Induce some of the many of the signs and effects that are part
of the motion sickness syndrome. These slﬂu and symptoms as described by Benson (1988), are listed
at the end of the chapter on Mechaniams of Motion Sickness, Until specific studies have been conducted
to show that conditions that induce headnche, etc, are not effective in potentuting motion sickness
susceptibility, a general prudential rule is to avoid conditions that Troduce symptoms like those that are
part of the motion sickness symdrome. Because of the difficulty in conducting studies of motion
sickness with human subjects, prudential rules will have to suffice in'a number of areas for some time,

In closing thia chapter, I wish to call the reader's attention to the very substantial work that was
curried on in this field In Canada, England, the United States, and Australin in the period between 1940
and 1963, Much of this work Is referenced in Money (1970), and Reason and Brand (1973). Intensive
und extensive atudy in those years forms much of our knowledge base for toduy.
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ABBTRACT

Motion sicknass in spaceflight occurred only rarsly in the sarliest space flights
in small capsules, But in the larger Space Shuttla the incidence is fully 708,
Apparently, in larger spacecraft the requirement to make head movements and body
movements in weightlessness increases the likelihood of apace sickness. Typically,
after its appearance in the first day of a spaceflight, space sickness is made worse by
head movements and by disorientation, and it is ameliorated by reraining motionless.
The sufferer gets better slowly and usually is entirely well sfter three days. Anti-
motion sickness drugs have been useful in dealing with space sickness and biofeedbaok
techniques might be helpful, but attempts to predict susceptibility (sxcept by assessing
susceptibility on previous spacsflights) have not besn successful.

INCIDENCE OF 8PACE BICKNESS '

Motion sickneas did not ocour in the first American spaceflights, probably
because the spacecraft were very small, Only when larger spacecraft wers used, and when
' the astronauts’ jobs required them to move about in welghtlessness, did mpace motion
) sicknasa appear {n the American program. (It is sald, however, that on the second
. Soviet spateflight, in the small Vostok spacecraft, violent motion sicknass was .
encountered). The incidence of space motion sickness is shown in Table 1, taken from
Homick and Vanderplosg (7).

Table 1.
*INCIDENCE OF BPACE MOTION SICKNESS IN U,B. AND U.8,B,R., BPAQE MISRIONS (a)

United 8 of Octobar 1984

Progrem Numbeg of Crewmen (b}  incidenge of Motion Sickness

Meroury 6 0

Gemini 20 o

Apolle 33 11 :
Bkylab 9 ] :
ABTP 3 [+]

Shuttle 48 28

Sov Union (ay of 1981

Proggam Number of Crewmen (b) Ingidence of Motion S8ickness

Vomtok [ 1
Voskhod 3 3
Soyus 3B 21
ABTP 2 2 !
Salyut 8 ] 2
Salyut 6 27 ¥

The incldence of space motion sickness in the Shuttle as of 1988, considering
flights by 1338 agtronauts, 91 individuals some of who flew more than once (23) in the
first 24 Shuttle flightw, is 718 {8).

BPACE SICKNESS 18 MOTION SICKNESS

Motion sickness in space iy, apparently, motion sickness, although i{n apace there
is no sweating, flushing is more common than pallor, the vamiting has been describsd as
“brief® and “usually sudden ... without nausea or other prodroma”, and after 3 days or
80 when the sickness disappears there is a peculiar nonsusceptibility to even the most
nausesogenico (Coriolis) aacelerations (9,34), It is possible that the reported
nonsusceptibility to Coriolis acoslerations resulted from the lack of a refersnce "down*

i
!
if
£
4

*{a) Reports of one or more symptoms of space motion sickness are inoluded. No attempt
was made to categorime by severity of symptoms.

(b) Includes soms crewmen who flew more than once. Table taken from Homiok and
Vanderploag (7).
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in npaceflight, or from the amall number of oeiperimental subjects studied, but the
SBoviets also mentlon, as & "peculiarity", that once the habituation to space motion
nickneas is complete, there is then a "clearly defined higher resistances to cumulative
vestibular loads"” (1). 1In Soviet cosmonauts, unlike American sstronauts, nausea is
listed as a "typical" complaint (1,12), In the motion-mick cosmonauts, pallor and eold
swenting are "typical” signs according to one report (12), but in another report pallor
and cold swaeating swaating wers omitted from the list of "typical™ signs but were
reported to ba present "in a number of cases" (1). In both the American and Soviet
uxpnrle?co, vomiting 1s usuntly followed by an improvement ln the condition{at least for
s while).

MOTION BICKNESS IS A POISBON REBPONBE

In motion sickness the body bohaves as {f it had been poimoned (6,13), Motion
sickness is a poison responss provoked by motion. More specifically, motion micknuss is
a poison response provoked by wotion acting (directly or ndiructl{y on the vestibular
system (14), There is now evidence that the vestibular aystem is involved net enly in
the poison response of motion sickness, but also in the poison response to certain
polsona. Experimental animals were found to be strikingly defective in their response
to polsons after surgical removal of the vestibular apparatus (13). This involvsment of
the vestibular system in poison response was hypothesited by Claremont (4) and by
Treisman (23). Of courss, those humans or animals who &re lagking vestibular function
are also completely nonsusceptible to all forms of motion sickness that have baen triaed
on them. A recant study of )abyrinthine-defective humans found them to be entirely
nonsusceptible sven in response to a purely visual motion sickness ‘stimulus (3), Motinn
sickness is a poison response provoked by motion acting on the vestibular systenm,

THE PECULIAR NONSUSCEPTIBILITY AND LONG«TERM BPACEFLIGHT

It is important to note what follows logically from the observed peculiar
nonsusceptibility to the sickness in response to Coriolis accelerations in spaceflight,
To the extsnt that available evidence supports conclusions, thiz nonsusceptibility
suggests (hints) that a rotating spacecrsft oould be ussd for long=term spaceflight
without sericus vestibular/motion sickness complications: On the basis of the {sparse)
evidence available, it might be anticipated that rotations starting aPter a wack or sa
of spaceflight would cause no motion sickness problem. Rotation could of course stop
for short periods during a long fiight, and for a week or oo before landing to allow
readaptation tu a nonrotating environment. At least it can be said that, as of now, it
would be premature to rule out the use of rotating spacecraft because of anticipated
vestibular/motion sickness problems. It might bs that no such problems exist. Befora
launching a rotating spacecraft on a long flight, however, further inflight
experimentation could be required to see whether the nonsusceptibility or ability to
adapt could hold in splte of the variable~strength "down" (the iinear acceleration)
produced by the rotation. Earlier experimantation in slow rotating rooms (including
walking oh the walls) suggests that any problems sncountered would be readily overcome
by hableuation.

THE BEVERITY OF SPACE SBICKNESS

There is little detail available concerning the severity of space motion
siokness. One analysi: (Davis et al, unpublished data cited in ref 23) of 37 Shuttle
astronsuts who sxpsrienced motion mickness in spaceflight, describes 46% of the sick
astronauts (26 astronauts) as mildly sick, 3I5% ?20 astronauts) as moderately sick, and
198 (1l astronauts) as severely sick. "In this reting scale, even those characteriged
as mild could have at least one episode of raetching and vomiting. In the severe
category, the crew porson had to oxpress several symptoms of a perasistent nature, have
more than two episodes of retching and vomiting, and remain {1l bayond 72 hours into
fiight."(23) The above numbers are reascnably accurate, but it should be remembgred
that, in general, an astrcnaut does not want to be knaown as somsorie who was sick in
space and it is part of the culture of astronauts to be positive and healthy and
capable. If asked about the degree of sickness belng experienced, an astronaut's
culturs would incline him to believe and to say that he was OK, and this inclination is
possibly responsible in part for rapurts of vomiting in spaceflight without noticeable
prodromal symptoms. Thare i{s aven one report of an spisode (5) in whleh an astronaut
vomited and then got the agreament of hls fellow crewmen that thay would all keep the
apisode secret. This cultural factor has perhaps acted to reduce the reported incidence
and ssverity of motion sickness in space.

THE INFLUENCE OF HEAD MOVEMENTSE

Some astronauts have expressed the opinion that the lncidence of space motion
sickness would be almost {although not quite) L1008 {f the astronauts had to Jdo
wonsiderable moving about in the spacecraft during the Flret 3 days of all
spaceflights. On some shuttle flights there are soms oraewmen whose jobe allow them to
remiin strapped into a sest for almost all of the first three days. Another influence
on the observed invidence of space motion sickness is the past practice of

remedicationt until recently, soms Bhuttle astronauts took antimoction sioknems drugs
ulu|11¥ scopolamine 0.4mg and dexedrine %.0mg) belora launch. (Preueut NASA pollcy,
May 1991, is to refrain from premedication and to inject promethasine 50 mg intre-
muscularly 1f# motion sickness in flight is troublesoms. This policy was adopted partly
for the reasoh that antimotion sickness drugs taksn prophylatically can impeds the
natural adaptation to the new motion environment.) As a guess, parhaps 108 or e of

e
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unmedicated astronauta who were obliged to move about and do a lot of head movements
during the first three Aays of a spaceflight would be utterly unaffected by space motion
sickness,

DURATION OF SPACE SICKNESS

When motion sickness occurs in spaceflight it gradually gets batter but typloally
it persists for two or three days, The astronaut can get some rslisf by taking
antimotion sickness Arugs, and more relief can be gained by remaining motionless (17).
After a psriod of being motionless the aetronaut starts to feael better, but when he
wtArts to move about again the nausea gets worse again, and if he persists in moving,
vomiting can result, After three or four days, when habituation is complete, the
astronaut is completely free of aymptoms and can move about as much as he wants and even
do gymnastics without proveking any symptoms. In one Soviet cosmonaut, however, motion
sickness in space lasted two weeks (altnough vomiting ocourred only during the first
week)! this cosmoniut alsc experienced motion sickness, innludlng vomiting, for three
days after returning to Earth (Matanev E.I., personal communication}), In 'aot, of the
tirst 237 Salyut-6 cosmonamuts, 9 suffered significant eickness after returning to Earth,
and 8 of thess 9 had suffered sickness in space at the beginning of thelr flights (12),
The sickness assnciated with the raturn to Earth is analogous to the '‘mal de
debarg t' experi d by some people upon getting off a ship. Its ococurrence in
American astronauts has perhaps been prevanted by the relative brevity of their
spaceflights, and in the longer Skylab flights {t eould have been masked by ssasickness,
since the 8kylab astronauts were recovered at sea, Even #o, two casss of motion
sickness after retur. to Earth have been reported in the Amerfcan program (23), and it
is possible that motion siokness after a long flight could appear with disastrous
results upon stepping onto Mars, or ugon stepping onto Earth after a long f£light
{perhaps after a Space Station flight).

PREDICTION OF BUSCEPTIBILITY

Available tests on EHarth have not allowsd prediction of susceptibility to space
sickuess (18,23} although, since 70% or so of ?ooplc who fly in the Bhuttle do
experience space sickness, a prediction that all future flysrs will be sick in space
would be correct in about 708 of cases:. There is no mignificant difference in the
incidence of sickness between men and women, and the likelihood of being sick in space
doss hot correlate significantly, positively or hegatively, with susceptibility to
motion sickness stresscs on Earth (nor, probably does it correlate with the amount of
the right stuff possessed by the astronaut).

MOTIONS THAT CAUSE MOTION HICKNESS

Motions of the body that cause sickness are, at least usually, motions that
sicoed the normal frequency and/or magnitude ranges of the vustibular reveptors, so that
some of the vestibular receptors are reporting false information to the brain in motion
sickness cituations (22). ision and some proprioceptors continue to report correct
information. In suoh motion sickness situations the brain says, in effect, 'My
vestibular systom (s giving me false information; therefore my vestibular system has
been poisonad by something I ate, and I should vomit.' Motion siokness is not a
slckness: it is the normal healthy response to polsoning, triggered by a stimulus that
masquerades as poisoning.

In spaceflight there are many sensory inputs that could be interpreted as false
information in the vestibular system. For example, v.irhtlc-u flight the
vestibular receptors grobubly tell the brain that the y is falling, whereas vision,
and the duration of the "£all", contradict that vestibular input. This falling versus
not falling is possibly the most important provocation of space motion sickness. Also,
the vestibular recsptors tell the brain that thers is no down (no gravity), although
astronauts usually do perceive a (visually determined) down. The conflict between
"down" and "no down" could also be important in space motion wickneas, especially in
view of the posaibility (11) that Tcopln who maintain the logical visual indication as
the perceived down (instead of taking the "feet are down" perception are the ones more
susceptible to space motion sickness. The vestibular receptors aleo tell the brain that
heed tilts relative to a perceivad down have taken place (according to the ssmicircular
canals) but have not taken plave (asccording to tha otoliths), as Benson has pointed out
{(2). It is seldom considered, but wtatic head tilts relative to the down directiocn are
normally (on Earth) reported by neck proprioceptnrs, and the abuence of gravity's pull
on the hasad in certain tilted head postures in spaceflight could well be an important
centributor o space siokness:. It has besen shown on Earth that motion aoting on
proprioceptors can cause motion sicknewss (10). 8Similarly, the absance of gravity on an
extended arm, in an astronaut who perceives himself ugrlght. is consistent with an
angular scdelsration of the arm and hand in the *d)n® direction, and since the same
angular acceleration of the head and bndy would have to be taking place together with
the arm (because no soiation of the shoulder is taking place), denial of such an angular
acceleration by the semicircular canals could oreate further confliict. This would be
especinrily so if the hand were holding an object known to bes "heavy®.

AVOIDING PROVOCATIVE MOVEMENTS

Perhaps astronaute should be told that, to avoid motion sickness, thay should not
only avoid pitoching and rolling head movements but they should alsoc avoid, as much as
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possible, postures in which the spinal axis is offset from the direction of the
perceived down, and they should avoid static tilt positions of the haead relative to the : ‘
perceived down, and they should avold extended limbs at right angles to the spinal axis, ;
and whsn moving (translating, floating) about the spacecraft they should maintain the

spinal axie parallel to the direction of the psrceived down and not soar “horisontally" I
l1ike Superman. When the body's spinal axis ig perceived to be "horigontal" (at right :
angles to the perceived down{. then of course yawing head movements should also be q
avoided.

THE ADAPTATION

It is thought that there are probably thres main aspects of the central !
adaptation to the unusual vestibular environment in spaceflight: first, a general .
tendenay to ignore or suppress inputs from the vestibular apparatus, especially
otolithie inputs; second, a tendency to interpret all changea in otolithic inputs as
changes of linear acceleration rather than changes of tilt angle relative to quvxty
(called variously "tilt-translation reinterpretation", or "sensory reinterpret..ion" or
“stimulus rearrangement", rvefs 19,29,30); third a substitution of other sensory inputs,
especially visual inputs (26,31), for the previously used vestibular ones. Another
possibility is that the cupulae of the sxaquisitely sensitive semicircular canals do not
normally have exactly the same density as endolymph (16), a complication usually
overcoms with the help of information from the otoliths, and that habituation to
weightloss cupulas also takes place, It is also possible that different cupulae have
different densities so that asymmetry of oupulae produce the kinds of problems that have
been ascribed (27) to asymmetry of otoliths, The space motion sickness is thought to
stop when the central adaptation has procesded sufficiently. Again, the proprioceptivae
contributions to the motion sickness and to the adaptation have been larqgely ignored but
could be important. It is known that proprioceptive function is altered in
weightlesaness (20,21,26,28,29,30) and that propriocsption on Earth can be important in
motion sickness (10),
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ABSTRACT

S8ickness in a flight simulator can compromise training, and it can also give rise
to effects that persist afterwards snd oreate hasards for the traines. Generally,
simulator sickness involves mose visual disturbances, more disgziness, and more
after-affects than in other kinds of motion sickness, and less gastrointestinal
disturbance (although a faw inscances of frank vomiting have bsen reported, both in the
simulator and after leaving it). Simulator siockness can interfere with, and discourage
participation in, simulator training, Its aftereffects could cause accidents, and to
avoid thase accidents the tralnees are often grounded for a while after flying the
simulators. Different incidences of simulator sickness,; most between 10 and 608, have
been found in different simulators and depend partly on the criteria for the “"sickness"
;nd :n h:v the simulator is uwed. Procedures for minimieing the problem have besn

eveloped.

O S

INTRODUCTION

The use of simulators for flight training reduces the costs and the risks of
training in aircraft. 1In modern simulators that include a wide angle visual display,
however, thers are problems with simulator sickness. With technological progrees, it
sesns that as the simulation gets batter the simulator sickness problams get worse
{(4,7,18), ‘hese problems have bean the |ubgccc of I{MPOILI and the subject of some
sxcellent reviews and overview papers (1,3,11,12,15%,16,20) and they are being addressed
with some success. The present paper will sttempt to summarize the field brisfly and
indicate where further information can bs found.

INCIDENCE OF SIMULATOR S8ICKNESS

The incidence of simulator sickness is usually higher among pilots with little
sxperience on the aimulator, it is usually (15,31,11) but not always {19) higher atill
among pilots with extensive experience on the real aircraft and little exparisnce on the
simulator. The incidence also varies with the individual simulator, with the kind of
mission being €lown, snd with the criterion for racogniging the presencve of simulator
sickness:. In a survey of more than 2500 "f£ligh.. " in ten different aimulators,
"S8imulator sickness incidence varied from 10 to 6u4" {18), Other surveys huva also
produced incidences in this range (5,6,9,10,11), including atudies of alr combat
simulation (5,21), but another survey of (mostly) air combat simulators found an
incidence of 678 (18), and the air combat simulator at Williams Air Fcrce Base at one
time had an incidence of 87% (R.8. Kellogg, personal comnunication). Overall, the
fraction of pilots who experience nausea in simulators is roughly 108, and the fraction
with "eyestrain® is 25%,

It is not known whethsr there are comparable problems during and after flying the
real aircraft (12).

SIMULATION BICKNESS I8 ONLY PARTLY MOTION SICKNESS

The gastrointestinsl symptoms encountered in simulators are, in all probability,
symptoms of motion sickness (1,15) These inoclude stomach awarensss and nausea, and they
are probably produced by a conflict in the prttern of sensory information concerning
orientation and motion (1,13). 1In sddition to the motion sickness, simulator sickness
includes other, aeparate, visual and vestibular phencmena.

Primitive simulatore without visual displays. or with visual displays that are
small or night-only, produce almost rno motion sickness. Only when large dusk and day
time visual displays becams available did motion sickness becoms a noticeabls problem in
simulators. The large visual displays produce sensations of self motion in the pilot
(13,14)1 in all likelihood these large displays also stimulate the visual system in such
a way that the visual system provoke.s the vestibular system (17) to preduce both the
sansations of self motion and (in some pilots) motion slckness ( pg 328 in ref 18).
"Btimulation of the vestibular centers by visual inputs® (pg 17 in ref 22) can produce
motion sickness, presumably because the stimulation creates in the vestibular centers a
pattern of sctivity that includer aspects of confliot or miemateh.

Modern simulators include also a motion base (2,34} and the mechanical motions of
the motion base can also be suspected of contributing to the motion sickness, especially
if the motions are of the low frsguence variety that are known to provoks motion
sickness in other environments (15).
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Kennedy's clasaification of the aymptama of simulator aickness include vi-r--1,
vestibular, and vagal (wgastrointestinal) symptoms. Only the vagal {gastrointestinal)
symptoms are properly considered motion sickness. 1In addition to tho motion sicknaess
symptoms there are separate phenomena in simulator eickness: the visual symptoms of
syestrain, difficuley foouming, and sensations of visual distortions, and the vestibular
symptoms of dizriness, postural instability, and false sensations of bodily
orientation. The visual and vastibular symptoms can occur for many hours after leaving
the eimulator, and they are possible sources of sccidents both on the ground and in
tiight.

In addition to a pattern of conflicting sensory inputs, flight simulators inflict
on the pilots visual inputs that are imperfect in apparent depth and that vary with the
location of the pilot's eyes as he moves his head. There is also, usually, a vary high
workload in flight simulators, sometimes for several hours, and the crew is often being
tested. Bimulator rides are often check rides in which many smezgencies are simulated,
and if the crews do not perform waell thsy can be subjected to rerides, failure,
tnmgornry disqualification, or even permanent disqualification 1f unsatisfactory
performance persists. Simulator rides can ba long, atressful, unpleasant, and
gatiguing, whether or not motion sickass or any other part of simulator sickness occurs.

The headaches associated with flying flight simulators could be caused by the
motion sickness, by imperfections in the visual dilpil{. or by the demands of ths task.
8imilarly the drowsiness could be part of the motion sickness or simply the result of
prolonged hard work.

MOTION SICKNEBS IS8 A POISON REBPONAE

Motion sickness is a poison response provoked by motion. It is a poleon responss
provoked by motion acting (directly or indirectly) on the vestibular system. The motion
sickneas that is part of simulator sickness is a poison response provoked, for the most
part, by motion of the visual field acting indirectly (through the visual system) on the
vestibular systen.

DEALING WITH SIMULATOR SICKNESS

Simulator sickness can compromise training (4,13). Bome trainees sensitive to
simulator siockness will avoid the simulator as much as possible:. 8Some will adapt to the
simulator by adopting habits that would be counterproductive or hapardous in the real
aircraft: for example, simylator sickness might be reduced by minimizing head movements,
but minimiging head movements in the real aircraft would degrade the lookout. The
aftereffeacts (4) of simulator sickness (postural disequilibrium, false sensations of
orientation, and visual flashback) can appesr several hours after leaving the simulator,
and could cause acoidents on the ground or in flight., Because of the aftereffects, same
day filghts in real airoraft are restricted in some organications, with a lomss of
ogcrntionnl availability of pilots by as much as 5% (15). Also, simulator sickness is
miserable; this kind of misery can be inflicted deliberately in order to induce desired
kinds of adaptation (8,25,3), but managers with responsibility for pilots should take
steps to eliminate it.

To deal with simulator sickness, current recommendations are (19%,23):

1. Avolid creating simulator sickness by suggestion. It can be contagious if one pilot
sses another sick. Pilots, should, however, be warned about the aftereffects. No
one should go directly home to repsir lLiis roof after a simulator flight,

2. Do not fly the simulator when you are hung over or have an upsst stomach.

3. Adaptation is the strongest fix for simulator sickneas. Try to fly the simulator
svery day until adaptation is complete (but do not fly it past moderate nausea:
stop for the day if you becoms nauseated). In some simulators adaptation occurs
more readily if hops are every 2 to 5 days.

4. Do not fiy the simulator the same dn{ as & flight in the real aircraft.

5. Get seanted and organized before turning on the visual,

6, Keaep to a minimum the number and magnitude of turns while taxiing or while flying
near the ground.

7. Keop to a minimum the numbar of steep turns, abrupt changas in speed or pitch, or
turbulance in flight.

g. Keep to a minimum tha pumber and magnitude of head movemerits, especially large
n:ddlnqdmovemantl during turbulence or during changes of aircraft heading or
airspeed,

9. Use mostly instrument flight in layer cloud and not too muoh clear hood £lylng, snd

night flying rather than day or dusk !1¥1n¢.

10, Use the Zfrests mode and resstting mode as little as possible,

11, Ensure that all projected channels of visual imagery are correctlt aligned.

12. Turn off the visual and turn on the simulator lights befors exiting.

13, whatever is seen or perceivad to b the cause of the sickness should be minimiged.

14, Be awars that the initial flights are more nauseogenic than later ones, and that
some particular missions are muoh more naussogsnic than others.

15, whan adaptation in complate, most (but not all) of thess rules can be discarded.

i .
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SEA SICKNESS
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SUMMARY

An historical illustration of the prevalence of motlion sickness
ar sea 18 followed by a review of experimental studles In which both
ship wotion and sickness have been quantified. The motdons responsible
for sea sickness are identlitied and alternative methods of predicling
sea '.ic¢khess from measures of ship motion are deflned. The lnfluence
of causal factors other than motion ‘are also considered.

1. INTRODUCTION

Sea sickness may have been the first form of motlon sickness experlenced by man and
animals ~ it has probably inflicted more persons than any other form of travel sickness,
Nevertheless, while all whu 4go to sea have something to say about motlion sea sickness,
sclentific study of the subject has been meagre. There have been remarkably few systematic
attempts to determine the motlons respongible for sea alckness and little serloun
sclentific effort to minimise sea sickness,

1.1 Types of motion

Various terms are used to describe the
motions of ships and people, with several
different termms being used for the same
motions, Vertical motion of a ship may be
called scending {or heaving) or ldentified by
the conventions for vertlical motion of seated
or gtanding personst, z-axls motlon, The axen
uied to deucri}?a human mctiomi are uhiown in
Figure 1. When a person 1is sjitting or
standiny facing the front of a vessel the x=- (,?2".}'.) L@T},’.’.ﬁ}'
axls of the body corresponds to the Fore-and-
aft axly of the vessel. S8imilarly, roll
motion of the body corresponds to roll motion
of the vessel. A person who lg free to turn PORE-AND-AFT
may stand sldeways so that the x-axls of the (x-axie)
body ls parallel to the lateral axis of the
vessel and roll of the boat will cause the Yigure 1 Axes of motion.
body to move in plitch, Lying down will
render the z-axis of the human body horizontal. These variations may atfect human
gennitlivity to vessel motion. Most studles of ship motlon and sea ylckunua have lgnored
theroe variations and described vessel motions using axes of the boat rother than axaes of

VERTICAL
{2=axie)

YN
(ry axis)

the axposed people. At most, the orlentation of the body (upright or rocumbent) in
indicated.

Three alternative co-ordinate systems might be ugsod co describe Lhe moliong Lo which
people are expoused on ships! a co-ordinate system centred on the person (i.e, a biodynamic
co~ordinate gystem), a co-ordinate aystem centred on the ship, or a co-ordinale tystem

centred on the Earth, With pcople moving around on ships, blodynamle co=ordinuate ayatems
are lpconvenient, Earthereferenced co-ordinate systema ure technirally difficult because
thoy require that the axes of measurement remain vertical and horizontal as the vessoe.
rollas and pltches. Although some measurements have been made with narth -referenced axos
nost  measurements related to motion rickness have used ship-refercnced axes, In
congeguence, measurementa in the ‘vertlcal’ and ’hourizontal’ directlons are only truly
vertical and horizontal when there 18 ho rold and no pitch., Measurements of ‘horizontal!
mot Lon (l.e. fore-and aft or lateral motion) using ship-referenced ases can be very
Jifferent f{rom those obtiined using earth-referenced axes due to the gravitational
component s detected by transducers aus they tlilt in the gravitational fleld of the ear.h
(swe Se.tlon 6 below).

1.2 Effeats of motion

Vomit.ing i3 the most obvious sign of motlon slckness but it is not the only sign of
sea sickneys, vomiting may be neither the most sensitive nor the moat Limportant
congequence uof slckness, Where the incldehce of motlon sickneas ls low, some less dramatic
effect may be a more sensitive indlcatur since it may be present in gredter quantity,
Additionally, nausea may be a mure accurate lndicator of performance and mood than
vomiting, Many studying motion sicknesa have therefore chosen to use scales which glve
some welght to effects other than vomiting., However, varlous scales have been employed so
comparisons of data from dlfferent studies ts difficult (see scales defined by Kanda et al,
1977; Graybiel et al, 1968} Lawther and Gritfin, 1986). Terms such as ’naumea’ and
*sickness’ have different meanings in dlfferent studies, Some rating scales have bean

B cpgg 1y
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designel for experisental studles in thé laboratory and are less suitable tor application
ta untraired travellers by means of a questionnaire, Consequently, it ls currently only
passible to compare the results of a wide range oF field trials by usihg vomiting as the
depandent. variable, Fortunately, atudies at sea reported by Kanda et al (1977) and Lawther
and Griffin {1987) sugyest mild ahd moderaie symptoms of sickness may ba predicted from the
relat lon between vomiting incidence and ahip motion magnitude,

2. MISTORICAL PERSPECTIVE

Moat repurtd »f the incidenve of ®ea sickness give little information on the | ,yaical
cause of the aickness but provide a background view of the extent of tha prcblem. Sea
studies of the sfficacy of alternative anti-motion sickness drugs ‘have often ineluded
control groups taking no drug (or a placebo) and provide a major source of information on
the underlying extent of motion siokness at rea. Other information comes from a faw
experimental studies and from medizal records.

During the yeara 1909 to 1931 (excluding the paried 1916 to 1920) 2,3 men per 100,000
were invalided nut of the Royal Navy through motion sickness, while 10,4 men per 100,000
wharé blaved on the sick list [Keevil, 1935), These figures were interpreted s showing
that most persons develop an "immunity* to motion., From a questionnalre of 100 sailors,
Keovll found that 40% admitted to having experienced motion sickness - but in ho case was
the problem »ufficlent for {v to be entered into their medical, records., OFf the 40% who
teported having heen seasick, 8% had besn sick on destroyers and only 10% on battleslips.

Fiqures for the numbers of passengers and crew seeking madical attentlon on the United
Frult Company Steamship Service between 1915 and 1923 are given by Desnues (1926), /hout
0.5% ot approximately 30,000 passengets, and a slightly lower percentage of about 1.,000
craw, auffered sufficiently mevere motion alokness to seek medical attention, There were
na revorded detths due to sea sipkness, -

Holling et al (1944) ruport a study using soldiers on two minesweepers sent to sea
whunever thare was & prrapect of sufflclently rcugh weather to test the efficacy of
aliernative anti~motion nickress drugs, With the vessels at sesa for between 4 and 6 hours
the incidence nf aickness in control subjects varied betwean 22% and 61% on different
tripa, with most. of these vomiting before the end of each trip.

Latna obtatned trom |18% troops undergoing assault exarcises in India, mainly in small
tanding cratt, atowed that 12,4% vomited {Hill and Guest, 1945). In other studles wlth
suldlera In landing craft, Tylar (1946) found that about 3%% became sick and about 14% were
sevearsly slck durlig thiee hour periodas. The sickness was found to depend on posture (see
Section 3.4.4 below) and medication,

Chint et al (1950) conducted a drug trial aboard a 16,000 ton troop ship on & two-way
crassing of the Atlantic Ozean during which 20% of a control group vomited on the sastbound
journey and 41% of a different control group vomited on the westbound c¢rossing, Chinn et
al {1952) report a drug study with troops aboard two further vessels crosaing the Atlantle,
Some of the troops had made the croasing previously: of these, 36,9% on one ship and 38.8%
aon the other ghip usaid that they had been seasick previously, 1In the study, among thoae
who were administered a placebo, 38,0% vomited on one vessel and 37.6% vomited on the other
vessel, The incldence of vemiting declined with lncreawsing aget when including those who
raveivad active drugs there were 33.6% who vomited in the age range 17 to 20 years while
14.2% of thome {n the range 30 to 39 vomited.

Handford et 41 (1954) found 4 34% incidence of vemiting among troops oh & military
tiensport ahl> rosslng the Atlantic, A similar study involving 15 ¢rossings resulted In
the prevaletce of vomiting varying between 1,1% and 43,8% with an overall average of 22,9%
among those taking a placebo drug on 10 eastbound trips and varied fram 15.5% to 35,7% with

an overall average of 19.6% on westbor'nd trips (RAnon, 1986;. Trumbull et al (1960)
reported that on military transport ships travelling across the Atlantic the incldehce of
vomiting in control gQroupt variad between 8.5V and 22.1% con three crossingu, A

questlonnaire survey of 699 men aboatrd destroyers involvad in eacort duty in the U.S. Navy
indicated that 39% wers never sick, 39% were ovcasionally sick, 10% ware often sick and 13%
were almost always sick (Bruner, 195%5),

Pethybridge et al (1978) found that €7% and 73% of the arew of two British Royal Nav
ships had bwen sea sick during their career, and 42% and 56% had been sick in the past 1
months, During sea trials over five days with rough weather {(wave heights generally
betwaen 4 and 14 metras), 38% and 47% of the crew on the two vessels were sick on at least
ona occadlon From 1746 responses to a questionnaire of men serving on a variety of
British Royal Navy vesaels, Pethybridge (1982) astimated that about 70% of naval perachhel
suffer from soma of the varied symptoms of wea sicknesd. The inoidenow of sicknuss varied
with veasel siee (8ee Section 4.3 below). '

Among 33% participants in an Ocean Youth Club holiday, 57% expurienced aea sickness

when no active dirug was takmn; this raduced to 26% among those taking a drug (Hargreaves,

1980) . Attias et #l (1987) report a 3 day drug trial aboard a 300 ton vessel inh sea states
2 and ) during which 530 of those receiving no drug were sick on the first two days and 23%
wate sick on the third day.
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3. BEA STUDIES OF TRE CAUSE OF MOTION SICKNESS

3.1 Introduction
This section reviews studies which have ohtained measurements of motion and a measure
of the sicknes taused by the motion, Effects of non-motion variables are alsc summarised,

Limitations, especially to the equipment used, render some results insufficlent to
draw general gonclusions 48 to the motions causing sickness, Nevertheless, obsexvations
made during theoe studles may be of some value in identifying other factors which
contribute to the complex relation between motion and motion sickness., Where appropriate,
the reported incidente of sicknesws and vessel motlons are compared with predictions using
the ’motion sickness dose value’ (MSDV) calculations defined in Seation 4,2 below,

3.2 Summary of experimental studies
3.2.1 studias with small vessels

Using fast patrol beats for more than 2 hours and encountering rough sea (giving
vortical motion at 0,36 to 0.48 Hz with acceleration in the range =2.6 to +3.3 ma™) Glaser
and Hervey (1951) found that afpzoximatoly half of a group of soldiers vomited, Soldimrzs
within enclosed fleata in a swinming pool were made motion aick by artificial waves having
a frequency of 0,29 Hz and peak scceleration In the range =1.6 to +4,3 ma™ (Glaser and
Hervey, 1952), Approximately 57% of soldiers felt i1l and 36% vomited with 1 hour of the
mobian = smlthough there was evidence of habituatlon tv the motlon over six exposures, Some
drugs were found to be effective {n reducing the incidence of illneas and vomiting.

Tokola et al (1984 reported that a 24 hour study in life-rafts at sea in ’‘hard
weather conditions! (e.g, 3 m waves) did not produce much vomiting because the volunteers
wete "accustomed to heavy sea", A simildar study in a wave tank produging 8 frequency of
0,37 He with acceleration reported to be in the range 3 to 5 ms™ proddced vomiting ln all
14 inen exposed to the condition without any medication (drugs or placebo) within one hour
on their first exposure (Glaser and MaCance, 1959), Repeating the expoaure five times at
two day intervals reduced the incidence of vaomiting. - :

Landolt and Monaco (1989) report that in four cases of crew abandoning oil rigs in
totally-enclosed motor~propelled survival craft, sea sickness occurred in 75% or more of
the occupants, The condition developed guickly and was severe in aome cases,

3,2.2 Study by Handfoxd

Handford et al {1953) report a survey of 638 men aboard a troop ship crossing the
Atlantic Ocean from weat to east, A ygyrosdope was used to measure roll and pitch while
vertical motions were measured with accelerometers at four locations in the 186 metrae
vessal, The average roll frequency was 0,07 Hz while the average pitch fraquenoy was 0,17
Ha: 'The vertical aceeleration varied with location and with time. tt ls reported that the
“"overall average" vertlcal acceleration for a 7 hour period on the second day was 0.7 ma™?,
(Thls may be the average of the peak accelerations recorded over 5 minute periods every
half an hour,} ‘'The average roll was reported as 1.7 degrees and the average pitch as 0.7
degrees.

The crossing was descrlbed as exceptionally smooth yet 35,5% of the man sucounmbed to
sickness (i.e., they aither vomlted or were obvicusly seasick to an obaerver). The authors
were unable to find any correlation between sea sickness and measurss of the vessel motion,
The rate of sickness reached a peak batween 05,00 and 07.00 hrs, cor:usgondinq to ravellle,
(It 18 not posnible t6 ¢ompute r.m.s. acceleration from an 'average peak scceleration’, but
if the r.m.s, acceleration is assumed to be 1.4 times lower that the ‘average peak value’,
as for a minusoid, & seven hour exposure to 0.7 ms'? will yield s motion sicknaess dose value
of 79 ms* and a predictlon of 26% of perscns vomiting).

3.2,3 @tudy by Nieuwvenhuljsen

Nisuwenhuijsen (l958) reported the resulteE of a questionnalre survay of motion
sickness among 423 passangers aboat:d a 149 metre vessel travelling across the Atlantic
Ocean. (The accuracy of apparatus used to measure motion is unknown.) The vertlecal motion
iy reported to have had a dominant froeguenay of 0,14 Hz with a magnitude of about %1 mse™!
when the sea was in a "normal" condition duting the first 24 hours at sea, The motion
increased over @ period of 8 hours to more than #4 ms™?, when salling in the tall of a
hurricane, and then subsided over the nekt 36 hours. 'The numbeér of persons motioh sick
irneredasad from about 4% to 22% as the magnitude of the motion incressed but did nhot reduce
until almost 36 hours after the reduction of the motion (see Flgure 2),

Assuming a vertical motien of I ms™ r.m.s, (i.9. a peak acceleration of 4 ma™' with a
crest fector of 4) the motion sickness dose value procedure would suggest that 20V of
unadapted persons would vemit within one hour, 'This caloulation is highly dependent on the
crept factor but & value of 4 has been obtained in asoma studies (swe Griffin, 1990). The
motion sickness dose value procedure is intended for phort duration exposures and does not
incorporste a recovery (or habituation) characteristia, Conseguently, it implies that some
passengers will become siek even if the magnitude of the motion reducest this seemas
appropri.te to the data reported by Nieuwenhuljsen. 'The dasta in Figure 2 suggest that the
rate of recovery from motlon sickness is alow and that in the conditions encounteared by
this vessal, tha rate of recovery was metchud by the rate of new cases for about 36 hours
after the height of the atorm. The author says that the average passengar nasdas two or
three days to become “adaptea®. ’

Nieuwenhuijsen reported that females wers more suscaptible than males {in the ratio
213), that there was a non~liresr decline in susceptibility with inorsasing age, and that

L J PR e
| ot B 223 aiiis BRI R - e

5
i

e e s W e




;

< el -—,;mmm?:ggﬁi’%‘i‘ﬂﬁ PR

T4

sickness drugs were more ely on (ms“2 pea C oas

te be sick ghan those who did 8 ooelera ( P ( )100

?oh "kz.i daiuch druq:é it Eh: 20

atter finding was attribute — —_
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susceptibility te sickness

among those who took drugy and 470 .

thelr tendency to walt until ak 480

they felt ill before taking the .

tablets, The taking of anti- 4180

motioh sickness druygs was twice ,
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{73%) &s in the males (37%), ;GO

3.2.4 Japanese studies 1+ {20
Dur.ng & 4 month voyage in

the Pacific Ocean asboaxd a 97 10

tmetre sail training ohip, 38 o e T T T R T T

0 - 0
o Thont. son experionos O 6 12 18 24 G0 06 42 46 84 60 68 72 78 84

were asked to .- report their Time sinve departure (hours)

motion slckness  axperience

(Kanda and Yamagami, 1962).  pygure @ Varlation in vertical motion and percentage of
The veasel had dominant roll,  seanick passengers during 84 h voyage (adapted fyom
pitch and vertical motions  Njiauwenhulijsen, 19%8),

between 0.14 and 0.17 Hz.

Using data from a later stud

(sve belcw), Goto and Kanda (1977) reanalysed these reasults to quantify the decrease in
vomiting with days at sea. They suggeat that motion sickness incidence should be
caloulated from the product of two variables: a ‘human reaponse funatlon’ and an ’exposure
aeffect functlion’, "The human response function is determinad from the acceleration raised
to a auitable power (see below) while the exposure effsct function is derived from the
change in motion mickneas on successive cruising days, They showed that serious motion
aicknens, and lemser aymptoms, decreased as days at sea inareased, with a straight line
inverse relationship between days at sea and the logarithm of sickness incidence: the
incidencw of motion sickness symptoms fell to about a tenth over the firat 10 days at sea,

A study of motion alckness among firat {anr cadeta with no previous experience of the
sea during one month aboard a 115 metre training ahip is reported by Kanda et al (1377},
The cadets were monitored at halt hour intervals during watches and during rest with the
reported data coming from 2=day cruises during a one month pariod which alao involved time
at anchor and in port. Vertical motion was measured in the navigation bridge and ia
reported as r.m.s, acceleration with a fredquency in the range 0,17 to 0,21 Hz, Observation
over a pariod of 8 hours after leaving port, with a 4 hour watch commencing 2 hours aftar
leaving port, showed that the incidence of motlon slckneoas lhcreased greatly during a
period commenclng half an hour before going on watch, 'Those with 'severe symptoms of
motion sickneas’ lhcreased from less than 5% befure this period to more than 60% while on
watch) those with 'any eymptoms of motion sickness’ increased from about 20% to sbout BO&,
The inoidence of motion sicknass fell inmmediately after the end of the wateh, In the
nxamgln shown, the magnitude of vertical moticn lnoreased for s period shortly before the
watch but subsequently remained almost constant at about 0.6 ms? r.m,s, The authors
axplain the fall in motion sickness lnoldence following the watch by the crew lylng down
or going to sleep, GCoto {1981) links the increase bafore the start of the watch to the
cadets waking up to prepare for tasks.

The study by Kanda et al (19/7) also ylelded graphs showiny liow the percentage of the
cadeta with sickness increased with exposure time during seven different periods at mea,
Diflerences between voyages are explained by either differences in the magnitude of motion
or the prior experience obtained during previous voyages., It im shown that the incldence
of sickneds continued to declina with up to 12 days at assa, Oruphs are also provided of
the maximum number of persons to suffer from motlon sickness during a voyage as a function
of the vertical motion preaent at the time when this inciderce of motion sickness ocoutred
(aftor about 2 to 3 hours), It is shown that for slight, moderate and severe motion
sickness the incidence of sickness increased with the logarithm of the magnitude of the
vertical acceleration, a (ms™? rum.,s.):

Petvent with alight or worse symptoms = 106 log,, & + 104
Percent with moderate or worse symptoms - 108 log, & + 75
Percent with sericus symptoma = 114 log, & + 56

These ralations are illustryated in Figure 3 using both logarithmic and linear scales of
acceleration, The similar gradients for the regcessions between sickness and the logarithm
of accelwration for the three degrees of siakrness suggestn that the use of only severe
symptoms (i.e. vomiting) Lln other studies may allow the estimation of the relation batween
motion and lasser degrees of illness. However, also shown . in Flgure 3 are. the values
obtained for vomiting incldense produced by vertical osuillation in the laboratory at 0,166
Hz by O’Hanlon and MoCauley (1974) and veamiting in¢idence predicted using the motion
sickness doss value procedure (MEDV) for a two houv period as spacified in British standard
8841 (1587), ‘'The authors suggest the greater ssenaitivity to motion in thelr atudy at sea
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Figuze 3 Variation in motion sickness with magnitude of vartical motion, (Data from Kanda
et al, 1977; O'Hanlon and McCauley data (see Beation 4.3) and MSDV predictions (see Seation
4,2) for 2 h sxposures to 0.166 Hz).

- wan - due -to -the absence of roll and piteh motion in laboratory. akperiments, Cthor

explanations are posaible, inoluding a different interpretatisn of the desoriptors of
motion sickness severity: the definition of asrious symptoms in these sea trials is given
an “"extremely unpleasant scnsations, vomiting, loss of dJeaire to do anything", wharsas the
data from the laboratory experiments and the dats uped in the motion sickneas dose value
prediction ars based solely on the inoidence of vomiting, (The degreas ¢f motion sickness
used by Kanda at el, 1977 and shown in Figure 3 azei Grade 1 (slight) = "gsomewhat
unpleasent sensations, but capable of carrying on normal, unchanged life ...") Grade 1II
(moderate) = “considerable unpleasant sensations, occaslional nausesa, hard to do work or
carry on other activities aboard ship"; Grade 1Il (serious) = "extremely unplesasant
sensations, vomiting, loas of desire to do anything").

Further analysia of three one~month voyages consisting of two days at ses interspersed
with two or three days at anchor around the coast of Japan is reported by Goto and Kanda
(1977), Vertical motions measured aboard the 113 metre motorised ship wers all in the
range 0.4 to 0.7 'mo™ r.m.»., (deminant frequency 0.14 to 0.2 Hz), Groups of 40 to 60
merchant cadets with little sea experience participated in the study and wera questioned
about thelr symptoma of motion sickness at half hour intervala throughout watches. An
analysis of data from the two or three hours of the first day of each voyage showsd that
the incldence of vomiting increaped very rapidly with increasss in the rooct-mean~sguare
vertical motiony approximately 104 vomited with 0,48 ms-? ¢,m.s, while about 50V vomited
with 0,58 me? r.m.s, The greater gate of inorears in these 2ield studiés than .in
laboratory studies with vertical motion was attributed to the presence of motion in cther
axes (e.q, zoll) and the infectious influense of sallors seeing others vomit., It was
inferrad trom the dats that, between 0.4 and 0.75 ma™* £.m.a,, tha motion sickness incidence
increased in proportisn to the r.m.s. acgeleration ralsed to the power of 4.5, Above 0,78
me*? r,m.s, it was assumed that there was 100% sickness incidence while below 0.4 ms? z.m,s.
it was assumed that siokness incidence increased in proportion to r.m.s. acceleration
rained to the power ot 1,6, Compared with the earlier study it was cbeerved that
acalimatination took place more slowly when sea experience consisted of & series of short
voyager as opposed to 2 oontinuous voyage. The suthors concluded that the incidence of
motion sickness reaches a peak within 2 cr 3 hours and that there is both s fatigue effect
and an atclimatization effect, Thu{ guggest that motion sickness does not, therefore,
foliow & simple time~dependency in which exposures are equally severs if the exposure timed
multiplied by the squares of their r.m.s, accelerations are similar, (Unlike wsome other
studies, the measure of sickness used i this series of atudies was the numbsz of persons
suffaring at half hour intervals and not the cumulative nurber of persons to have suffexed
since the commencement of the voyage.)

Goto (1981) suggests s refinement to the above prediction method such that the power
to which the r.m.s. acceleration is raised varias with the severity of sigkness in addition
to the magnitude of the motion. Formulae are alay provided to predict the rise and fall
in numbers of persons suffering fzom sickness as the vovage prooseds ovar s few houts and
over several days. He suggests that habltuation to motion is lesa on days when the
magnitude of motion is low,

3.2,8 United Bsatas Conidt Quasd Btudies

Wiker wt &1 (1979a, 1978b, 1080) report a comparison of sea sickhess among 18 Coast
Guardymen aboard thres very different oraft uumigg side-by-side in wea stacs 3 over an
catagonal course for 4 hours twice & day for thyee days. The graft wexe 2 2 metre patrol
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boat, a 115 metre cuttar and 4. 27 metre amall waterplane area cw;n;qull;(swawu); The
vertical motion on tha patrol boat fell.in the range 0.15 to 0,75 ma™ r.m.a, (ovar. ths
frequency range 0.2 to 0,45 He)s the vertical motion oh the cutter was in the range 0,08
to 0,27 ms™? r.m.s, (0,12 to 0,37 Hz)j vertical motion on the SWATH was in the range 0,1 to
0:37 ma™ r,m,m, (0,12 to 0.4 Hez)., OF -84 mpisodes of vcm\itin%, B3 ocourred in the patrol
boat and one aboard the SWATH -4 finding conslstent with the higher magnitude of vertical
motion in the patrol bost., Vomiting and lasser aymptoms of motlon sickness were greateat
whert steaming with a component of head #sas, Multiple regression analysis of data from the
atrol boat showed that motion sioknes® severity was greatest when motion fregquencies were
ow and magnitudes were high; decreaming the magnitude of the metion or. increasing the
frequency of the motion resulted in a decrease in the severity of motion sickness, The
authors suggest that the data support the view that motion wickness L3 primarily caused by
vertical tranaliticnal motion &nd not by roll or pitsh motion,

A. further study was conducted to Compare responses of 11 Coast Guardsmen to the
motions saboard the 29 metre patrol boat with the 27 metre SWATH during che day in dock and
two days at sea (Wiker and Pepper, 1981), Again, thare was more severe motlon and more
severs motion sickness aboard the patrol boat, Motlon sickness severity Lncreassd during
the aight hours at sea sach day, Although the motions were similar on the patrol boat on
both daya at ses, the motien sickness was apprecihbly greaket on the firzst day.

3.2.¢ David W Taylor Naval Ship Research and Developmens Center Btudy

A four day sea~keeping trial on &' 42,6 metré Coast Guard Cutter yielded data on ship
motion and crew aickhess while salling around an octagon course seven times (Applebee at
al, 1980), BEach ley of Lhe oourse lasted 30 minutes, commenclng with head meas and
subsequently turning 45 degrees
to port until the ootagon was
completed, Vessel motions wers
measured in earth-refersnced
axes at the centre of gruvity
.gghi Lnehuhi l-nf;unu dl“;l 100
w n the pilot house and the . ] .
mess, 'The vertical motions :nd == 1at run == gnd run "o gre run
percentage of craw reporting L
alokness ware greatest with head o[ = 4thrun = Bth tun = ethrun
seas and least with quartaring
and following seas.

Peroent ssasiok

8iygnificant nickneas
occurred among the amall orew
even in asea state 4, The
percantage reporting to be 40
mentally or Phylinllly impaired
by elther ‘“ssasick only" or
"seazick and excessive ship aok
motions" varled between 0 and
658, Figure 4 shows the
variatlion of this measure of
sickness with hedding for the 0
six runs around the odtagen for -8
which it is svailable, Figure

variation in the motion normal
to the deck surface in the crew
mess, On some runs there ls
evidence of the severity of
motion siakness symptoms Lagying
behind the severity of the

o Jortioal motion (ma"8rmu)

motion hl“y' mmuuiny. the - et run s gng run wiw 8rd run
motion sickness variem in &«

similar manner to the magnitude == 4thrun wbs oth run == 7th tn
of vertical motion. 1af

Figure 5 shows the relation
betwasn. motion and mgtien
siokness vver the octagon course 1k
for the slx runs, It ds ‘
apparent that soms habltuation -
ocoukred duzing the trial wme
that' the extent of symptoms .
decreated as the runs inoressed 1]
independently of changes in the
magnitude of ‘the vettisal

motion, The srapntage
reporting sea slokneas [} 0
conslstently greater than the w4l

paroentage who would be sxpscted
to vomit based on 30 minute
gaponures Lo the  peported

- H!!F‘W,’P (Th (_dlen!u)

motions during each leg of the Figurs 4 Varlation in magnitiide of vertical motion and
octagon and the motion sicknwds  motion sicknéws durlng sin zine around an octagonal
dose valus (aee Beotlon 4,2). uourae in & 42,6 i Comst Guurd Cuttar. (From Applebces,

1980) 0 deq correspunds to head keas). ’
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Figuze B Rolation between magnitude of vertical motion and motion sickness during six runs
around an octagonal course in a 42,6 m Coast Guard Cutter (data from Applebes, 1380).

This may be partially due to the cumulative affects of motion experienced prior to sach leg
(there was appreciable transit time to the location for the triala and a 30 minute peried
of wave measurement before the filzst rxun)., Additionally, the reported sea asicknase
responses do not necessarily imply vomiting as predicted by the motion sickness dose value,

Applebas and Baltis (1584) report sea trials aboard an B2 metra Crast Guard cutter
during which both motion and the effeuts of motion were monitored, The magnitude of the
motion and the extent of sea slckness varied with heading relative to the sea and the
location of crew in the vessel,

3.2.7 Btudies by the Instituta of Bound and Vibration Reseaxch, I.8.V.R,

dtudies of motion sickness among fare-paying pasasngers on ferries around the British
ucasts have been reported by Lawther and Gri.ffin (1986, 1567, 1988a,b), The full pezries
of investigations, which were conducted by the Institute of Sound and Vibration Research
at the University of Scuthampton in England, yielded data from 20,029 passengers on 114
voyages aboard six ships, two hovercraft and a hydrofoll. Passeanger characteristics and
responses to motion were determinsd by means of queationnaires administered near the end
of easch voyage., Information cbtained about passengers from the questionnaire included
their regularity of travel, whether thay had felt 111, when they had first felt ill,
whettier they had vomited, whether they had taken anti-seasicknesos tablets, how much aleohol
hha{'had consumed, whete they sat on the veassl, their age and thelr gender, The:lllnuss

ng' was obsuined from a four point seale! I falt all right’, 'I felt slightly unwell’,
f1-falt gquite-All’, I felt absclutely dreadful’, In the subsequent analysis these
fesponsas wars scorid from 0 to 3 and the aversye determined over the groups surveyed, The

vesgal motions were meagursd in six anes (x-) y=-, #-, roll, pitch and yaw) such that the

instentansous. motion --lﬁh:ouqhaut evary voyage at any leocation on any veassl aoculd be
detezminsd, The motdicns wera based on ship-refarenced axes (not earth-referenced) aince
it was donpfdared that these motions better yepresent the forces experienced by pasaengers.

AT

Lawther and Criffin (1986) report results from 17 voyages on one vessal where the sed
conditions variaed from zalm to very rough, the vertical motion varied from less than 0,1
myt romp, to almost 1.0 ma*t r.m.s, and the incidence of vomiting varied frem OV to almost
408, figure 6 {liustrates a typlcal 100 s periocd of ship motion onh one voyage. The

. varliation in motion with positlon in this vessel is discuesed in Section 3.3 below. It was
~§hown- that therw wag & high correlation betwest the 2-axis motion of the vessal and bsth

vomiting Xpaldon« ahd illneas rating, Although 4 significant peruentage of pazsangers who
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Figuxe ¢ ' Rcneleration time histuries for s 100 second period. of translational and
‘rotational motion on' a' 4000 tonne, 9Y metre pasaenger faerry ag reperted by Lawthar and
Griffin, 1986F.. [Accelerations relative to a ship=referanced co-ordinate system]

felt unwell did not vomit, there was a high correlation between vomiting incidence and
illness ratings acroas vayages, It was found that the mean illlness ratings increased with
time at sas and, of course, the number to have vomited alss increassd as the voyages
prLogressed, Figure 7/ shows how the relaiion batweer vomiting incidency and vertical motion
and the relation betwween illness rating and vertical motion changed am the voxlqol
progressed. It was shown that the sffect of exposure time could be incorporated within a
measute of motion dose given by the integral of the acceleration raised to a power of
either 2 or 4 with respact to time, A power of 4 (squivalent to the vibration dose value,
sme British Standard 6841, 1987) Griffin, 1990) provided the highest ocorralation
coefficients (0.86 for vomiting and 0.88 for illness rating) but the advantage of this
measure over the more eanily calculated power of 2 (c¢quivalent to r.m.s. accelevation) was
not great (rorrelation coefficients of 0,83 for vomiting and 0.86 for illness rating),
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Figuee 7 Percentage vomiting incidence and illness rating as a4 function of the maghitude
of vertical motion for periods of W, 1, 2, 3 and € hours ay zeported by Lewther tnd
Griffin, 1986, (Date cbtnin-d on a 4000 vonne, 99 metre passenger ferry; each point
tepresents one voyage; Bpearman’s rank correlation cowfficients also shown)
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Figure § Averaged acceleration power spectral denaity functions for various voyagas on
five passenger vassels as reported by Lawther and Griffin, 1988, [Vanael 1 67 mettes;
veszel 21 99 metres; vesssl 3t 109 metrea; vesssl 4: 121 metrea; vessel 5: .30 metres.
Accelerations apply to the centre of each vessel and are relative to ship~referenced co-
ordinate systems, Frequency resclution 0.01 Hz.]
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Pigure § Averaged acoeleration powsr spectral density funotions for various voyiges on
hoveroraft and a hydrofoll as reported by Lawther and Qxiffin, 1968, [Vesael 7: hydrofoll
(cranslational akes only)) vessel 81 5§ metre hoveroraft) vesssl §1 37 metre hovercraft,
Acoslerations apply to the centre of esach vesesal snd are relative to craft-referenced goe
ordinate systems, Frequency rasolution, 0,01 Hi.)
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Figuze 10 Vomiting incidence and illness rating as & function of the magnitude of vertical
motion during 3 hour voyages on four different ships as reported by Lawther and Griffin,
1988a. [Each point represants ore voyage]

A similar analysis uming data from all vessels is reported by Lawcher and Griftin
(1988a) . PFigure 8 illustrater the sverage spectra for each axis of motlon obtained from
all voyages in five of the ships which varied from 67 to 130 mettea in length and from 1258
to 7003 tons, Fiqure 3 shows nimilar averaged spactra for the two hovercraft and the
hydrofoil = the hydrofoil data were only obtained In calm sess, Figure 10 shows the high
correlation between r.m.&., vertical acceleration averaged over 3 hours and both the
vomiting incldences and illnsss ratings on shipe ovar the asame pariod, The data suggest
that, over a three hour period, a vertical motich of 0,6 ma? r.m.s, will result in about
208 of persons vomiting, The average illness rating for this esxposure is about 1.0 -
squivalent to everyones fealing ’slightly unwell', or 50% feeling 'quite 111’ and 50%
fesling 'all right!, etu. Data from the hovercraft were shown to fit the same relation
betwsen the magnitude of vertical motion and sickness sfte:r the motlon had been frequency
weighted (using waeighting W,, ses below) to reduce the importance of high frequency motlon,
Uning this frequency weighting and the previously defined measures of motion dose it waas
again found that thera was a alightly better correlation using & power of 4 (i.e. VDV)
rather than a power of 2 (i.e, r,m,s,). Howaver, the diffurence was again umall and the
authors conoluda that both vomiting incidence and illness rating were linearly related to
the r.m.s, vertical motion, Figure 11 shows these relations for all vessels on all
voyages, .
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a=anle acesieraticn dosn tme~i) r=~axls assoioration desy Ims-i¥)

l'tgln 1} Vemiting incidenve and iilness rating as & fynokion ©f the magnitucds of versical
u\? .Lan anpressed &8 4 dose: top figurws, dose w» (1‘:‘(& dt}Y; bottem tiguees, dose =
{Ja'(eide)d, [Data from Lawther and Griffin (1988a) obtained with 8 shipw, 2 hovercraft and
1 hydrofoll; hoveroraft dats frequency weightad. Sach point represents one voyage.)
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From the questionnairs data obtainsd in the above studies, Lawther and driffin (1988a)
report that, oversll, 7.0% of passengers vomited at some time on their jouzney, 21,3% felt
"slightly unwell’, 4,3% felt ’quite ill’ and 4,1% felt ‘absolutely dreadful’, Vomitipg
incidence and illness ratings were greatest in females (a male to femalm ratio of 3 to 5)
and thers was a slight decreass in sensitivity with increasing age (moatly due to increased
sanpitivity among those aged less than 15 years), Vomiting incidence and illnesa ratings
were greater in passengers with least experience of sea travel., Twice as many passengers
vomited in the group taking anti-motion sickness drugs as in the group hot taking d:uga -
an effect attributed to a greaater use of drugs among passengers who are more susceptible
to motion sickness, Consumption of alachol during the voyages waa associated with a lower
incidence of vomiting and illness - poseibly because those susceptible to aickness are less
likely to drink when exposed to motion, . .

3.3 Nffect of T"““" in vessel .

Chinn et al (1953) observed that during drug trials on five crosaings of the Atlantic
in vransport ahips, the sea sickness was least fiequent among those quartered amidships and
inoreased among those :1un-t-nd to the fore and those quartered to the aft. Handford et
al (1954) reported a similar finding. From the results of 15 crossings of the Atlantio
Ocean it was found that there was sickness in 17.9% of troops quartered midshipa, 23.7%
among those quartered fore and 32,64 among thoss quartered aft (Anon,1956).

In theilr surveya of asea aslokneas on
passenger ferries, Lawther and Griffin L] 1AL uwmn
(1986, 1987, 19B8a,b) measured the vessel N
motions so a# to he able to caloulate the
different motions experienced by different
groups of payssengers. Flgure 12
illustrates how the acceleration power
spectra of motions on one vespel varied
wfth longitudinal, lateral and vertioal
position within the vessel, 8inoe
vertical motion wa® ahown to be the
dominant cause of sea aickness, che
variation from bow to stern is of greatest
importance,

In ships, the leas~ vertical motion
{and lowast incidence of motion sickness)
may be expscted amidships = unless chiw
location (s worse for some other reason
such as & more restricted visual field,
On hovercraft there is appreciably more
motion at tho front and more sickness may
be eaxpected at this location (Lawther and
Griffin, 1988h),

3.4 Rffect of subjeat aharagteristios
&, dender
TWwo studiues at mea have found females
to be more susceptible to metion sickness
than males, and simller £indings have been
nfeﬂ:ed in laboratory axperiments (see
Griffin, 1991), Nieuwenhui jsen (1958)
reported that females Wwere mote
susqeptible than meles (in the ratic 3:2),
Using data from one ship, Lawther and
Griffin (1986) found a ratlo of 513,
Lawther and Griffin (1988b) showed that
the effeat occurred in all age groups over
1% years and that it waa not due to the  pigure 12 Variation in the acseleration
increassd use of anti-mstion aickness  power apectra of translational motion as a
drugs among females. Indead, the effect  fupnction of positlon in @ ship (from Griffin,
was greater among pessengers not taking 18960),
druges (a femals to mala ratio of 1,87 to
1) than among drug takets {1.15 to 1), In
contrast, Levy and Rapaport (138%) report no difference between the males and females
participating in a drug trial sboard large sailing yaehts,

3.3.2 Age

Chinn et al (195%2) cbserved that on a troop ship the inciderce of vomiting declined
with inoreasing age: when including those who received sctive drugs there ware 33.6% who
vomited in the age range 17 to 20 years whilw 14.2% of thoss in the ranygs 30 teo 39 vemited,
Chinn et 4l *(1953) again observed that the incidence of sickness on transport ships
decreased with increasing Afa between 17 and 39 yesrs. Handford et al (1954} found a
similar trend with 33% vomiting incidence among troops less than 20 years of age and 13,3%
vomiting among those over 40 yeara of age, Using data from troopa on 15 crossings of the
Atlantic Qoman, & clear sgs effect haw been reported with 23,14 sivk among thoas aged 17
to 19 years, 21,3% among those agwd 20 to 24 ym=+y, 18,1% among those agad 25 to 29 years
and 9,7% among those aged over 30 years (Anon, 1956), Nieuwenhuiisen (1958) rspozted a
non=-linear dealine in susceptibility with increasing age.
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Lawther and Griffin (1888b) found that both vemiting incidence and illness ratings
afiong passengers below the age of 13 years were about double thuse of older passengers.
Above tlie age of 15 years there was & slight decline in illness ratings with increased age
but no change in vomiting lncidence,

3.4.3 vestibulay funatien

Minor (1896} reported that he had observed deaf mutes t¢ be immune to sea aickness and
concluded that the problem was cauawd by "irritation of the semicircular canaly’., He
mantioned some expsrimental results (invelving rapid turning around) in support of the
concluaion that a solution of cocaine dropped into the ears was & most valuable remedy for
sea slokneas, Among laboratory studies, Sjdberg (1931) reported that three deaf women
taigod to b:c:ma sick when ralsed and lowered by & crane in a manner which caused othets
to become sick, .

Kennady et al (19668) compared sickneas in twenty control subjects and 10 labyrinthinew
defective subjects Auring & 28 hour voyage in a small vessel in very savere ssas, While
the labyrinthine defective subjects mainly experienced only drowsiness, 15 of the 20
control subjects vomited and che other f£ive felt rather L11. The authora conclude that the
presunce of vestibular function is necemaary for sea aicknass,

3.4,4 DPostuze .

Wollaston (1B09) offered a theory of nea sickhess based on the motion causing movement
of the bleod and intestinea, He referred to a friend who achieved yelief from sea aickness
b{ lying oh-the deck with his head towards the stem of the vesassl. It was suggested that
with pitch metion of the vessal when lying in this posture he was in a position equivalent
to descending backwards in a swing and, unlike descending forward in & swing, there was no
tendency for the motion to force the blood towarda the head., Irwin (1881) refers to "the
well-khown fact that ses~sickness is least felt in the recumbeant posture, with the head low
and the feet towards the stern" and offers an eaplanation based on the anatomy of tha
vestibuylar aystem and the intant of nature to grov de for body equilibrium in a vertical,
but not a horizontal, orientation, Brooks (1539) advocates a prone posture with the head
raised very little, 1f at all, facing away from the sea.

Studies with more than 2100 soldiers on landing craft found that theare was 23% to 42%
pravalence of sickness wheh Lhe men crouched for up to 3 hours but only & to 19% slckness
when they were allowed to atand, apart from the last ten minutes before resching the beach
{Tylet, 1946). The Increased sickness when crouched might be due to the different
orisentation of the head or the reduction in external vision,

Saveral studies have raported that motion wlokness increases when crew leave thelr
sleeping quarters (e.y, Handford et al 1953; Kanda et al, 1977) Goto, 1981}, B8tudies of
the effecta of head pomition and body orientation on siokness Lnduged by the drug
apomorphine, revealed that vomiting was far less when subjects werm smupine (Isaacas, 1957).
The benefit was shown to be due to the supine posture of the body and not from the changed
orlentation of the head,

3.4.3 Visual field

Looking at the horlzon is commonly seid to reduce the incidenca of see sickness, while
working below deck with no external visual fleld will increase silckness, BStudies at zea
have not clearly separated the influence of the change in the visual £ield from the changes
in the motien and the changes in body posture that ocour with different locatiohs, For
example, Tyler (1946) found that a crouching posture gave rise to increased motion sicknaas
on landing craft but was unasure of the extent to which the effest was due to the posture
or the inability of the soldiers to see over the gunwales,

The widely acoepted benefit of a view of the horigon is largely based on the personal
axpetrilencva of many sallors, Controlled studies have not been conducted to determine the
precise requirements for the visual field to be benaflcial or how thian beneflt could be
simulated without an external view, The parcentage of persons who banefilt from 'viewing the
horizon' 1s also unknown.

3.4.6 Activities

gome old accounts of sea sickness advocate the benefits of taking ictive exercise so
as to lessen the signs and symptoms of motlon slokness (e.q¢. Savery, 1301y Brooks, 1939).
Among troops orossing the Atlantie Ocean the type of duty did not appsar to affect the
incidence of sickness (Anon,1956).

3.4.7 Susoeptibility to differzant types of motion

Kennudx and drayblel (1962) exposzed 21 subjects to motion in & slow rotation room,
darcbatics in ah aircoratt and to heavy and calm seas In a 19 metre boat, They report a
corralation between tindings in the alow rotatioen room ahd sickness Ln heavy swas. Kenned
et al (1968) also report & significant correlation between the speed with which contrze
nusj:gtu succumbed to siokness at sea and their gpusouptibility te siokness in a slow
rotation room,

3,4,8 Placebo effest

It la often asuggested that the administration of an alleged remedy may be sufficlent
to reduce the inoidence or severity of motion sickness., Tyler (1946) found that in studies
with 562 goldiers in landing sraft these given a placebo drug sutfered from sickness to a
similar degree to those not provided with any medication, In contramst, during a study
Ulini waved generated lh & tank, Glaser and MoCanos (1959) found that there was
signiticantly less vomiting among men taking & placebe than among men téking no medication.
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When passehgers chocse whether to take anti-motion sidkness drugs thegs ls greater
sickness among those who take the drugs than among those who do not (Nieuwenhuijsen, 1858,
Lawther and Griffin, 1988b), Passengers presumably take the druga because they believs
that they may reduce or eliminate sickness, The high incidance of sicknesi among dtug
takers suggeats that necither the active component of such drugs nor the placebo effect of
consuming the drugs are sufficient to counteract the increased susceptlibility to motion
sickness among those who believe it is both neceasary and beneficlal to take anti-motion
sickneas drugs.

3.4.9 Nabituation *

Various studies have shown that the incidence of sicknesa declines after a period of
axposure to metion and two or thrqe days ls often quoted as the period required for
significant habituation (see Giaser and Hervey, 1952y 'Brunsr, 135%; Glassr and McCance;
1959 MoCauley et al, 19767 Kanda at al, 1977; Goto and Kanda, 1877; Attias et al, 1987),
However, a previous exposure to the motions of lhlfl does not guarantee immunity to sea
sickness. For example, a famous English Admiral, Horatic Nelson (17358 = 1805) was
gontinuinq to complain of sea sickness after a caraer in which he had spent more than 6300

ays at sea,

3.4.10 Other effects
A trend towards greater sea sickness among heavier men was found in studies of troops
crossing the Atlantic (Anon, 19%6)

Lawther and Griffin (1988) found that passengers who had rarely or never travelied to
sea before had a4 greater incldence of vomiting and greater illness ratings than those who
travelled more frequently.

4, STANDARDS FOR ASORSSING BHIP MOTION WITH RESPECT TO SEA SICKMESS

4.1 International Standaxd 2631 Part 3 (1988)

This standard suggeste the magnitudes of vertical motlion in the freguency .ange 0,1
to 0.63 Hz which will cause vomiting in seated or standing young fit males. The magnitudes
are apecified for exposurss of 30 minutes, 2 hours and, tentatively, eight houra, The
magnitudes and durations ars in an inverss-squaro relationship so that doubling the
magnitude of the motion is squivalent to a four~-fold increase in the exposure duration.
‘The dependence of motion sickness on motion frequency given in this standeard is such that
sansitivity to acceleration is greatest betwsen 0.1 and 0,315 He and then falls so that the
accelarstion magnitudes raquired to produce sickness at 0,63 Hz ars 3,15 times greater than
thoses required to produce sicknems at 0.315 Hx and below (ses Figure 14 below). The
contents of this standard were formerly known as 180 2631 Addendum (1982),

4.2 Brisish Standard €841 (1007)
This standard defines a fraguenoy

weighting (W,) to be used for asseasing sop Normalined vomiting (% per metr.ms.)
vertical acceleration over the fregquency ]

range 0.1 to 0,5 Ha, The weighting is o+ Experimental date
formulated mathematically so that it can be S 1otic NBEN4!
incorporated within analogue or digital L 1 dymptotla hy
filters = but a simplified, straight line | = Wresilsable BSSE4

approximation is also defined. This has
makimum sensitivity (1.@, unity gain) in the

range 0,125 to 0,25 Hz where sansitivity ls 10
drpendent on acceleration. Between 0,25 and

0,8 He, sensitivity falls at 12 di/octave ao

that regponse in dependent on the
displacemeant asssciated with the motlon, The

shape of the weighting was mainly influenced r
by laboratory astudies, its derivation has
been detailed by Lawther and Griffin (1987) 1
and is compared with some laboratory data in 0.0t 04
Figure 13, Other information is provided in Fraguenoy (Hz)

Geiftin (1991). Figuze 13 ’Normaliased vomiting incidence?

for 2 h exposures & waighting W, from
mnnns;ét;;:dizm?\gaggo g:ﬁd:r}o':og':f:;t:u: British standard €841 (1907, w“" £rom
due te varxinq durations of s-uxis vertical oCauley et al 1376) normalised vomiting

y .inoidence - (% vomiting) /(xem.».
motion, ‘motion sickness dose value’ -1
MSDV,, 18 defined ! accalaration, me*})

motlon sickness dose value, MBDV, = at!"7?

where a,, 18 the root-mean-square scoeleration (in ma™? after frequoncy weighting using
walghting W,) determined by linear integration over the period ¢ (seconds).

The standard says that the percentage of unadapted adults who will vomit is given byt
percentage who may vomit « i/, MSDV,
Doubling the magnitude of the motion, or a four~fold incresse in exaposure duratlon, will

therufore double the predioted incidence of vemiting, 'The standazd atates that the above
rolations are based on axposures lasting from about 20 minutes to six hours with a
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prevalenge of vomiting up to 70%. Figure 14
ahows the root-mean~square accelaration
required for 10%, 20% and 40% of perasona te
vomit due to 2 hour exposures to motions in
the frequenay range 0,1 to 0,5 Hz. The peak
displacements corresponding to these values
are shown in Figure 15,

4.3 Other mathods

The data £rom various studies, and
common experiende, suggests. that problems
from motion aickness are frtatult on
amallest vesasls, Pathybridge (1982)
reported the results of a survey of motion
si¢kness among crews of various British
Royal Navy vessels and determined
mathematical relationships between the
incidence of sicknese and vessel aire. For
example, with displeacements of 200 tons,
1000 tena, 5000 tons, 10000 tons and 20000
tons tha predicted incidence of motion
sicknams was &7%, 62%, 50%, 41% and 29%
respectively. In this atudy, motion
sicknass incidence included any of the
variad asymptoms of motion sickness and was
not reastricted to vomiting.

Only two serims of studies at zea hava
resulted in suggested methods of asmsessing
ship motion with respect to motion sickness.
The findings from the studiss by Lawther and
Griffin are embodied in the motion sicknesa
dose value procedurs defined in British
Standard 6841 (1987), The wtudies of Goto
et al led to a prediction method which is
somewhat more complex but has some
similarities, Unlike other procedures, the
method allows for the percentage of diock
persons to fall during a voyage and for
motion sivkness to dacrease on subsequent
voyages (see Bection 3,2,4 above).

From the results of laboratory studies
of motlon #sickneas caused by vertical
oscillation, & series of formulas for
predicting motion siokness inoldence (MSI
were proposed by O’Hanlon and MoCauley
(1874), MuCauley and Rennedy (1878) and
MoCauley et al (1976). The method applies
to motion in the frequancy tange 0.08 to
0.63 Hz wlth maximum ‘sensitivity to
dcceleration at about 0,16 M, The
ansumption that MSI will vwvary with
acceleration and with time in ogival form
{lie. & cumulative normal distribution)
resulted in mathematlcal operations somewhat
more complex than those reguired to
caloulate vomiting incidence wuasing the
motion siokness dose value, Motlon sickness
incidence (MS1), expressnd as a percentage,
is asaumed to be tha preduct of a term
tepreashting the influence c¢f motion

Acoelgration (ms™ r.m.s.)

10

T YT VT

BS 6841
40 %

20%

10%

IS0 2031PL 8
1%

0.1 P R S R B T NN WO T O O

0.01 o 1

Freauanav (Hz)
Figure 14 Verticul acceleration sxpected to
cause 10%, 20% and 40% vomiting during 2 h
exposures from British S8tandard 6841 (1987),
{10% vomiting incldance in 2 h according to
180 2631 Pt '3 alaso &hown, Figure from
Griffin, 1990).
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Pigure 13 Feak displacements of vertlical
sinusoidal oscillation required to produce
10%, 20% and 40% vomiting incidence during
2 hour aexpoaures eccording to Britlsh
?;;;g?fd 6841 (1987). [Pigure trom Griffin

maghitude and frequency, B,, and & term uxpressing the effect of motion duration, Pt
MBI = 100 P, P,

The term B, is caloulated from a term, ¥,, quantifying the effect of magnitude and fragquency
and a term Jescribing the form of & ocumulative normal distribution (in practice this may
be obtained from statistical tables), The effect of magnitude and E:nqucnc{ waa determinud

Erom a ourve deseribing the scceleration required to .produce vomit

ng at various

frequsncies in 508 of parsons durlnyg two hotr exposures, The mathematical expression may

be written aa

4
¥

2, =2.13]0g,,4 - 9.2010g,,f ~ 8.81 (log L) -1.8%

Where 2 is the r.m.s., aoceleration in g; £ is the fraguency in Hs,

The term P; i
valoulated aimilazly to give & value for g,
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o |
rp= 2logt +1,132, -2.90 ! ;
. !
whare ¢ i3 the exposure time in minutes. i
Values of P, and P, are obtained by consulting a table of the normal deviate ¢ at the values :
of z, and 2, respectively, For example, with a 60 min. . a2xposure to an acceleration of 2,1 J

me? r.m.e. (1.6, 0.21 g r.m.8,) vertical sinusaidal - -cion at 0,25 He, ®, » 0.19 and w, =
0,87 so Py = 0.57 and P, » 0,81 giving a predicted motion sickness incidence of 46%,

Lawther and Griffin (1987) compared tha extent to which prediotions derived from the F !
above procadure for'aalaulating motion siekness incidence (M31) différed from the procedure i 1
for calculating vomiting incidence from the motion slckness dose value (MSDV,). It was L |
shown that the frequency weightings were similar and that the dependence of vomiting on
acceleration magnitude and duration were similar for magnitudea up to about 2.5 ma™ r,m.s,
and durations uf to about 6 hours. It appeared that the differsnces betwson the methods
were not sufficisnt for the available data to identify either method as baing appreciably !
mMore accurate than the otheir. The MSI procedure has an advantage of not being capable of kS
predicting a vomiting incidence greater than 100%, although in practice this does not !
appear to be & significant problem with the moticn sickness doze value procedure. Tha 5
motion sickness doae value procedure may fit the available cdata slightly better at low
inoidences of asickness and allowa the prediction of illness rating as well as vomiting
inoidence, Additionally, the motion aicknesa dose value is easier to ocaloulate and
provides a convenient standardised method of quantifying lew frequensy motion,

S, PREVENTION OF MOTION SICKNESS

A wide varisty of drugs, potiona and bahaviours have been advocated for lassening the
F.oblems &f sea sickhiess, Many recommendatiochs appearing in the early aclentific
literature appear to bs based on perscnal experience or anecdote and are not supported by
controlled studies., Today, many individuals going to sea still adopt procedures that have
not been proven effective by conventional scientiflc methods., Statistically significant
behefitn to groups of travellers from the consumption (or avoidance) of cartaln foods and
drinks or the use of various commercial devices have yet to be proven.

Some hehaviourial changes may help minimise the likelihood of sea sicknesa, Those
that can be recommended with most confidence involve minimising exposure to low frequency
vertical motion, adopting a position whers there is a distant external view, minimising
motion of the head and eyes, or adopting a recumbent posture. In general, learning the
true nature of the complex vessel motion is likely to be bensficlali this may minimise
conflict belween information from different sensory aystems and harmonise the varioua
reflex responsea tou motion.

Many studies of the effectiveness of drugs in minimising motion sickness have been
conducted using laboyvatory apparstus. Most laboratory studies have been conducted using
Coriolia sastimulation (see Griffin, 1991), The sensory mechaniams involved in the
production of motion sickness with this type of motion may not be the same as those
involved in sea sickness. The studies reported here are reatricted to investigations
agonducted at sea,

Holling et al (1944). report an investigation of various drugs on minesweepers and
trawlers, Drugs containing atropine, hyoscyamine, and hyoscine provided some protection
with the grmatest protection coming from hyosaine (i.e. hyoscine hydrobromide, alaso ocalled
scopolamine hydrobromide): 57% were protacted with & 0.6 mg doase and 73% werae protected
with 1.2 mg. Hill and Guest (1943} found hyosoine was the most effaotive drug with about
80% of soldiers in landing craft protected by a dose reported to be 10 mg. Tyler (1946)
also found that hyoscine (alone or combined with hyoscyamine, atropine, or barbiturutwea
afforded protection in landing ocraft,

From studies aboard troop ships crossing the Atlantic Ocoan, Chinn et al (1950) : '
concluded that hyosaine, diphenhydramine hydrochloride, dimenhydeinate, trzihexyphemidyl and ; .
chloroyelisine vero all effestive in reducing Sea sicknass. Chinn et al (1952, 1953) found 3
useful proteotion with a variety of other active drugs on many further voyages. Handford R !
ot al (1964) reported a study conducted on & voyage across the Atlantié Ocean which k .
included & comparison of hyoscine, benadryl and postafene. While %0 mg of benadeyl and 30 R ;
mg of poatafens were effective, a dose of 1| my of hyosoine provided no significant .
ﬁ:otuation from msea sickness, A later study (Anon, 1356) found some protection with i
yosoine but the greatest benefit was obtained with sither 50 my of meclizine, 50 mg of 2
cicli:ina, or 25 mg of promethazine. On thres trans-Atlan.ic voylrau. Trumbull et al
(1960) again found signifioant benefits from 50 mg doses of both oyclisine and meclising) E
4.3 my of phenglutamide and 7.5 mg of aihnarazine also ufforded wome protection, b

Glasar and Hexvey (1951) report that 1 mg of hyoscine afforded p Lection to 964, 25
g of phenergan protected &18, and 25 mg of benadryl protected 447 of men on small boats
from vemiting., Using artificial waves in & swimming pool, Glaser and Hervey (1952) found
that | mg of hyoscine (and 0.6 mg hyosoine with 15 mg ;momnthnline) were more effective
than 35 mg promethasine hydroehloride. A 1 mg doss of hycecine given only five to ten
minutes before the exposurs to motion was effactive, but less effective than when
adninistered 75 minutes hafore the axposure. Gluser and McCance (1989) sompared four drugs
with soldiers within tented rubber floats in a wave-tank, Again, 1 mg of hyoscins provided
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the greatest protagtion from vomiting (B1%), A 50 mg dosy of cyclizine hydrochloride
gro:actad 584 whereas 25 mg of meclorine hydrochloride and 8 mg of perphenazine werw no
etter than a placebo,

Mreng varticipartas in an o7ean youth sailing club, Hargreaves (1980) reportoed that
!seanickness’ was experienced by 57V of a group providad with a placebo ana by 26% of those
provided with 15 mg of cinnaratine, Treatment consisted of two dosea one or twn hours
before the atart of cruises and one dose every aix to eight hours at sea, A similar
procedurs found that subject repotts of drug effmctiveness were similar for 15 mg of
cinnaraxine and 0.3 mg of hyoscine (Hargreaves, 1982), A study o life-ratts at sea for
24 hours found that both 0,3 mg of hyoscine and 0.3 my of hyoscine combined with 25 ng
ephedrine hydrochloride provided useful protection from sea sickness (Tokola ct 41, 1984).

Lavy and Rapaport (1985) report benafits of hyoscine when administered tranadermally
at leadn% elght hours before ses travel. Athtiaa et al (1987 found _hat protection provided
by transdermal hyoacine was 74%, 734 and 39% over threa days at sea on a 3000 ton veasel.
A ltudylcstulonq term use of transdarmal hyosoine at ses hea also reported bencfits (Shupak
ot al, ).

The effentivenmas of drugs depends on the conditions and the time of consumpticn.
Most druga ate sald to be suitable for administration about half an hour befors exposurs
to wotlion, but cinnarizine should be taken about 2 houru before sxposure. It iy possible
that while scme may have a protective aution others may be more effective therapeutically.

Many drugs have unwanted cffects which vary butween individuals and range from trivial
discomfort to serious interference with activitlies. The moat common unwanted effects are
dry mouth, drowsineas and headache. The wanted and the unwanted effenis of durugs may have
non-linear dependencies on duse, vary between individumls and depord on the consumption of
food and drink, The time of administration and method of administzation (oral, transdermal
or injection) may als» influence eftectivenesa. The preferred drug for a single dose may
not be appropriate for continued administration over several days. o .

6. DISCUSSION AND COMCLUSIONS

lLaboratory studiss have shown that a wide variety of motions can give rise to motion
sickness. Sickness can be induced by tranalational oscillation {(in the vertical, lateral
or fore-and-aft directiona), by rotation about a vertical axis, by continuous rotation
about an off-vartical axis, by rotational oscillation, by head movements when rotating
about & vertical axis, and by some other conditions -~ Llncluding motion of the visual scene
(see Griffin, 1991),

It is generally concluded that the vertical motion on shipa ims primarlly reapnnsible
for sea sickne This conclusion arises from evidence that vertical motiop alcne ia
sufficient to cause the sickness while other motions alone are generally lnaufficient to
cause sickness.

From data obtained during a range of

voyages, Lawther and Griffin (1988a) found 1%

high correlations between the magnitudes of « Alexendse ot ol [1947)
motion in all six axes on vesselst: when the . b+ MeCaulay ot at (1978]
sea was rough the motion tended to increase « Lawthar snd Criffin (1986]
in all axes. Correlations bwtween motion [l

sickness (vomiting prevalence or illness

rating) and the magnitude of motion were high 8

for all axes, bLut the 2~aris motion and the .

pltch motion gave the highest correlations.

Using multiple rejression analysis, after

including the z-axis, the addition-of other

axes irto the regression only marginally

improved the overall regresslon ccefflcient,

Lawther and Griffin (1987) ehowed & high

correspondence between motion siokness data

obtained at ssa and data obteined in the ] R

laboratory by uconsidering only vertical LY.

oscillation. Tigure 16 compares vomiting

incidence as a funotion of motion wioknesa

dose fur the Lawther and Sriffin sea studies,

the laboratory uata obtained by Alexander et 1] 100 150 " e

al (1947} and the laboratory data reported by Duae (me*):8)

MoCauley et al (1976)., This figure suggests

that lsboratory data and sea data fall about  Figure 16 Ralatlion betweon mot fon

the osme regression line, with most of the aigkness dose valus and vomiting inciderice

laborseory data giving  high  vomiting for laboratory studies with wverticel

inoidences and most sea data giving lowar motion reported by Alexander et al (1947)

vomiting rates, and MaCauley et al (1876) and sea studies
reportad by Lawther and Geiffin (1986) .,

The vertical motions of vessels aurs
partially vaused by pitoh motich, 80 sivkness
will reduce if the piteh motion is reduced. However, the magnitude of pltch motion is
usually very small (scoetimes below the thrashold of peroustion of rotstion) and thers is
no evidenue that the pitch motion experienced on shipa is sufficient to cause sickness
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independently of its acticn in causing vertical motion. The magnitudas of motion, and the
visua. conditions that appear to be required to cause sickness with oscillation about a
horirontal axis, suggest that roll and pitch motion can often be discounted as prime causes
of #sea sicknesa (see Griffin, 19%1).

Roll motion of ships does not normally greatly contribute to the vertical motion and
is unlikely to contribute to sea sickness as much as the vertical motion or the pitch
motion, While the provision of roll stabilisers on vessels may hive various benefits (e,g.
aspinting the postural stability of orew and passengers, the stability of cargo, the
acouracy of weapon aiming, and reducing the difficulty of aircraft deck landings) they have
not been shown to reduce motion sicknees..

Whan uasing ship=referenced axes, tho magnitudes of x-axis and y-axis motion are
influenced by the pitch and the roll of the vessel, respuctively, HAn agcelerometar
orientated in these axes (i.&, parallel to the deck) will sense a gravitational component
proportional to the #in of the angle of piteh or roll., Data presented by Lawther and
Griffin for five passenger vessels show that the magnitudes of x-axis motion vere generally
less than the magnitudes of y-axis motiori which were generally less than the magnitudes of
a~axis metion when using shipe-referenced axes (see Figure 6), The relative magnitudes
varied between vessols &hd thé y-axis component {arising partly from roll) can sometimes
be greater than the z-axis component. However, in shipas, the dominant frequensy of roll
(producing v-axis motion) is lower than the dominant frequency of piteh (produsihg rz-aris
motion). fonsaquently, even if the body were similarly sensitive in all three
translational axes. it would not follow that y-axls acceleration arlsing from roll mntion
would contribute gr-atly to sickness. Alac, the human body may remain upright while the
vessel rolls = ao lesscning Lhe lateral component dus to gravity. Dose~sffasot datu for
horisontal oscillatlon are currently insufficient to identl!{ the role of horizontal
acceleration arising from rotational acceleration in causing motion sicknesa - so it is not
Khown whether earth-referenced or ship-referenced axes give a better indication of the
!cvnzit¥ of horigontal motion on vessels. Some laboratory sxparimenta have bsen conductaed
with roll motion about sn axis wall below the hody 86 as to cause both roll and horisental
ttanslation of the body (e.g. McCauley et al, 1976), The results of thede experimenta
sugyest that when a horigontal component of Acceleration arises as a result of rotatien
about a hurizontal axis it may not be as hausecgenic as a similar acceleration ocourring
solely in the vertical direction. This wnuld suggesat that the measured values of x-axis
and y-axis motion using ship-referencez axes are .not as hauvecgenic as the corresponding
measures of z-axis motion,

Complex combinations of vesssl motiona are somatimes oredited with apegial poweras of
causing sickness, Corksoraw motions cadsed by asas on the bow or quarter, for sxample,
involve & combined rolling, pitching and yawing motion, Irwin (1B81) comhwrtad chat "many
persons who oxperience no inc¢onvenience dur!ng the regular swing of 8 yacht under sail
become sick in a rowing lhoat or a steamer“. He attributed the difference to the
"irregularity and uncertainty" of the movament. Varying the phase relationships between
motions in diffevent axes aai give riBe to perceptibly different motiona whish some
mariners blame for sicknesy., However, there appear to have been no studies showing that
phase is important and it remains pearible that changes to the frequency, the magnitude or
the direction of the metion may be p:imnrilf rengongible for many clalmed variations in the
provocative nature of some motions, Additionally, aince habituation to motion is motlion-
apnoific, some of the reprrts may he dus to inadequate habituation to s rarely encountered
motion rather than special naussogenic properties of the motion.

Non~vertical motiona might be hypothesised as having a synergistic effect so thet
sickness iy greater than would be expested from the auw of the sickness due to vertioaul
motion alone and the sickness due to the other motions alone, Currently available data
suggest that this is not the case and indicate that sea slokness is mainly due to verticosl
oscillation., Useful predictions of the incidence of vomiting and illness can be made if
only the magnitude and frequency of the vertical motion and the duration of expoaurs are
knewn.

Although vertical motion nfpoura to he the prime cause of sickness at s¢s it is likely
that othar factors have an inf

A greater understanding of the infiuence of vision, body posture, head movements and
habituation may aszist the reduction of ses sicknass among passengers and arew,

8Sickness is widely accepted as a natural gonsc jusnue of qolng to sea. Little effort
has bash exgonded in seeking. 4 solution to sea sickness other than by the use of anti~
motion sickhesy urugs. The long history of sea sioknuss may have led some to the
cvenclusion that acientific study should not be wasted taockiing an dhsoluble problem,
However, the extent of the problem, and the hitherto scant ascientifiv attantion it has
received, suggests that it is & problem meriting more investigation. Scientific study will

determine the extent to which the prablem ias scluble when understanding has been increased.
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lVALUA‘t‘l‘QN ET PREDICTION DE LA SUSCEPTIBILITE AUX CINKTOSES
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RERUME: L'évaluation st Ia prédiction de In suscaptibilité
individuelle aux cindtosss préssntent de multiples
difficultén; Cellencl trouvent leur origine dans las
particularitéa étio-pathopéniques du syndrome telles que Ia
miss en jeu rapide de proostaus d’habituation, ls
distribution non-gaussienne ds Is susceptibilité dans la
populntion, Is spécificité des stimulus déclenchants, Ces
carsctéristiquas sntéatnent la nécessitd d'une grande rigueur
methodologigue pour toutas lss dtudes traitant de cs sujet,

Trols grandes techniques. méthodologiques .
habitusllement utiilsées : ies questionnaires, mhmho do
corrélations paycho-physioiogiques indirsctes et les tests
provocatsurs

L'utilisation des questionnairss anamnestiques pmom du
limitations  importsntes. Les  corrélation  paychos
physiologiques indirectes sont rares ot génémalsment peu
flablex sur 1o plan de In prédiction Individuslle,

Las épreuves provocatrices en luboratoirs restent & 'heure
actuelle la meilisure méthode d'évalustion de In
suscaplibliité, Blles posent ospendant le problime de I
nuture des siimulstions-employbes ainsl-que-celui do Ia
flabititd des erithees d'fvaluation de la sdvirits. A obté du
crithros  subectifs - habituellament . utilisés (échelles
d'obasrvation...ou . d'auto-sstimation), des- efforts - sont
diployds pour. définir des paramiires physiologiques
ob]mMmm mmahlu. .

Co tosts oondulunt |0nlnlomont A une prédiction
cofvacts de Ia susceptibllitd en altustion réells. Ls
prédiction du- mal de. lsspace constitus cependant une
exception b osits rhgle ot poss de probidmes encore mal
rdsolus aujourdhul.

Depuls 18 second confls mondial, la msoeptibilch aux

uuuwwuwmmnwmmmﬂm
larges variations sont rencontrées dens la

ditection des individus préssntant une sensibilité
importante e, plus géndralement, l'évaluation. de In
réulitance  des  personnels  sux  environnements
nuusbogéniques préssnts donc un intérdt particulier en
milieu aéronautique st spatial. It #'agit cependant 1 dun
domaine complexe et difficile qui requisrt une grande
prudence dans Pinterprétation des résultats obtenus, qualle
que soit Ia technique d'évaluation smployée.

Outrs P'évalustion de In susceptibilits individuelle,
Pasimation. *a priori® de Ia .capacité navsdogénique -d'uns
stimulation via b vis d'uns populstion sxposée, c'est  dirs In
prédiction de l'incidence des cindtosss constitue un autre
probidme, Plusieurs études ont également été mendes dans
¢s domaine (1), appliquées en particulier aux stimulations
rencontréss sn navigation maritims. Cst aspect ne sera
cependant pas étudide il et seules l'évslustion ot I
prédiction de In susceptibllité individusile saront envisagées.

La revus axhaustive des réaultata trds divers obtenus jusqu'd
présant serait sana sucun douts trds longue ot fastidisuss.
Austl, l'spproche du problome ss veut ic avant tout
synthikiqus ot . didsctiqus, - au risque- de - paraitre
relativement réductrios par rapport b Ia mase des
cannaissances qui ont été sccumuldes-dans s domaine. Les
diffioultéa d'incerprétation des donndes de la Littérature sont
pour uns part {mportante ldes Mux différences dans les
conditions expérimentaies employbes, csllessci ‘rendant
parfols las comparaisons trds difficiles. Dans une revue
téeanto (9), Koanedy s'ait attachd A rdsoudre Jes apparentes
contradictions qui pouvaient axister entre diverss dtudes

o1 proposant uns approche fondée sur 'analyss statistiqus.

L'emplol de technigues statistiques représente un dldment
tout & fait fondamental quant A ls validité des méthodes de
préutiction ot des critbres d'évalustion de I sussapiibiliv vis
8 vis dea cindioses (29, 9), Blios demeurant copendant pour
une grande.part du domaine des sphclatistes of, du-point de

vie - du  physiologists, uns--sppeochs - plus -concrble - o

pragmatique - appanalt donc préférable. Ceal condult A
savisager en premisr Leu les différents dlémunts qui
contribyent aux  difffcultés. rencontrées en  matidre
d'ivalintich et de prédistion. Las diifireniss méthodes ot

tachniques emplopbes seront snsuite pasdes en revus, do

fagon h effectusr uns aynthiss globals iilusicée de qualques
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4.LES DONNERS DU PROBLEME

i quelques grandes lignes psuvent Stre dégagées quant aux
factours géndraux influant sur 1a susceptibilité aux cinétosss,
I'dvaluation de la susceptibilitd d'un individu en pmleullor
présente plualeurs difficultés,

En suivant le modble préssnté par Benson (1), quelques
points intéreasants peyvent fire reconca, C'eat tout d'abord
1s problime de |a spéoificiié des stimulstions provocstrices,
bien connu pout ¢e qul concerne l'adapiation, mals qui peut
dgeloment jousr au niveau de la suscaptibilité individuelle,
Cest ausi ln mise en jou pénéralament trda rapide de
processus d'adaptation, o bisn- que (outs tentstive
d'évaluation de la susceptibllité b un:instant donné dolt btre
pondirée en.tenant compts de oo facteut. Bnfln, il ne fuut
pas oublier que le syndrome de cindtoss s'exprime par Ia
mise an jou du sysimse nerveux autonoms ot que les
caactéristiques intrinsdques de fonctionnament de oo
systhme vont également exercer une influsnce ewr ln
sugoeptibilité. Ce sont finslement les deux versants du
syndrome, nsurosensoriel et neurovéghtatif, qui dolvent
Sire considérés pour dvajuer au misux la susceptibilité d'un

“individu ‘st vintuellstent tenter de prédire son

comportemsnt dans 1a situation résile ot i doit évoluer,

Pour Reason (26), oeci a8 traduit globalement sn termes
d'adaptabilitd, da réceptivité ot do capacité de rétention.
D'une manidrs plus générals, on peut considérer qus s
diuribution nomgausiisnne de I ausceptibilité dams la
population corraspond sans doute A ls combinaison des
varisbiss qui peuvent influer aux diffdrents niveaux wr la
senslbilité individuelle. .

Cos différents points vont donc dtrs muintenant sbordés
sucosssivement-de fagon plus détalllée pous tanter de misux
Taire comprandre les :ummm uu. '} l'dvulultton tha
pr‘dteﬂon

Al Andeificitd desatimulun

On admet dussiquament (32, - 27) -que les sujets tris
susceptibles aux cinétosss sont senuibles h I'ensamble des
stimulations nausdoginiques qui peuvent leur dire
appliqués, celles-cd  entratnant, d'uns manibre plus ou
moins  identique,  l'spparition - des  mympiémes
caractéristiques des cindioses, Cedl représante In bass dea

teshniques d'dvalustion utilisant dos dpreuves provocatrions.

Catte rdgle n'ost. pas:tolaloment vérifiée, notamment pour
1n miscoptidilité au mal do-Pespace (38), Ds méms, Monsy
8 Coll ‘(23) om rapportd: qu'svec des sujets dont fa
sanaibllieé est intermédisire ou fuible, on pouvalt obssrver
des disscciations antre  difféeentes stimulstions, en
particulier entre-les aindtosss induites visuslismant (prismes
inversants) of oslles induites pac des. stimulations
vestibuleires  (Cosibils, - rotatlons sutour dun  ws
horizontal,..), Plus inditectement, Lager of Sandor (15) ne
telvent pas ce cordlation antre I susseptibilits sux

population de pilotes et leur sensibilité au mal des
simulatours.

Il pourrsit done exister des éléments de suaceptibilité
préférentislle vis & vis dun ou de plusieurs types ds
stimulation, On peut fairs Phypothise que cs typs ds
susoaptibilité  Individuelle pourralt dtre 14  aux
caractéristiques de fonctionnement des capteurs (tout
perticulibremont des transducteurs vestibulaires) ou aux
modalltés &intégration multisensoriells ‘des informations
d'orientation spatiale. Quol qu'il en soft, o'est ici e "versant
neutosensoriel' du syndrome de dnltou qui seralt
directement en cause.

Un' sutre mapict de 1a susceptibiiit - Individuelle est
manifastement Ué 4 'expérience préalable d'un individu
donné au moment ob 'on cherche & dvaluer se tolérance.
Aingl, 1l & pu Stre observé anscdotiquement que dee
personnels issus de 1n marine, habitustioment résistants au
mal de mer, révlaient une sentibilité relativement plus
élovés vis A vis de stimulstion du typs socélérations de
Corlolls qu'une population de pllotes de chasse.

_L'habituntion . préalgblement acquise pour un _typa. .de

stimulation (ncedlérationa verticales), ne se transfars pas ou
peu dans i nouvelle situstion cholsis pour évaluer 1a
supeptibllité de {n population. Il sst dono olair que
l'interprétation de rdsultats d'dvaluation, quelle que solt 1a
méthode utilisda, devrait prendre en compte, il s'agit
d'une sblection, lss éventuelles différences lbes A
l'expérionce des candidats,

42 Misa an jaudag nrocessus 4*hahituation

L'habituation aux stimulations provocatrices sst un point
central du probldme des cindtosss. L'spparition de ¢
syndroms sst-pour osrtaine un -effet secondaire de la mise
on jeu do la plasticité nerveuse raquise . pour . cette
habituation (9, 35). L'habituation résultant de 'exposition &
Panvironnement ou aux-stimulations-de laboratoirs survient
plus-ou moins rapidement selon 1es individus Reason
distingue b o niveau des "adapteurs® rapides ou lents (26),
cortains samblant ne jamais atesindre un niveau satisfalsant
(21). La plupart des techniques d'évalustion utilisant des
stimulations provocatricss conduisnt done & I'spparition
d'une accoutumance & oes stimulations, Ainal fautsil tre
blen consclent du fait qu'une épreuve vestibulslre lolée ne
donne qu'un oliché “Instantand® de ln suscaptibilité d'un
individu vis & vis d'une stimulstion donnds,

L'implication du systdbme nervaux autonoms dums -le
syndrame de cinbtoss est-un élément reconnu -de -longue
dv (4i, 27) avec une tominants trde nette de ['sstivité

ue aU - BN - G dlveloppament des
ymptomes, Alnsi, (| est possibls de penier que e
caractéristiques intrinshques du systéme neurovigétasi! ou
dei modifisations répondant §dee phindmbase intarsurrent
pouvent affecter- I susceptibllité - individunlle - (), Lis

suteurs - mmqun. m hu'plll (10_). mm mll
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" néesssité d'une (rds grande stabillté “veatibulo végétative®
pour les candidats cosmonautes,

La labllité excassive du systéme nerveux sutonome ou son
"excitabilitd" ssmble done pouvoir constituer un bon
candidat comma élément du ssull figurant dans i modbls
de Benson, La grande varlabilitd dans le temps du tonus
nourovigétatl! ches un individu donné offre alnsl uns
wplicaton physlologique almpls .aux variations..de ls
sunceptivilité obasrvées pour un méme individu (1, 9, 21,
27). Cecl pose bien sdr un probléme dans I'dvalustion de
susceptibilité, principalement avee I'utilisation d'tpmm
pmomﬂou.

Il st blan connu que In distribution de la susceptibilité sux
cinétoses dans la population géndrale ne sult pas une loi
normale. Qualls qus soit ls méthode d'évaluation; on
obsarve  géndralement des  distribution fortement
asymbtriques, pucfols multimodales, mais cn SUCuUR cas
ll\llllll\nll.

On peut pansor que Is combinaison des différents éléments
cunatitutifs do la susesptibilitd individualle sont A V'origine
de os lyps de distribution, Cette approche eorrsspond
d'aillours assem blent & idés que l'on peut en wvoir en
utlllsant les notions de réoceptivité et d'adaptabrilivé
préconisées par Reason (28), synthétisées plus récemment
par Banson (1),

Quelle qu'sn soit l'origine, Ia distribution erratique de la
susoeptidilité dans la population constitue une difficultd
spplémentsire en  matidro  d'évaluation. Dans  ces
conditions, il n'est en effet pas possible d'utillser les
techniques relativement simples d'analyse sutistique
comme l'sndlyss de variance ot lss estimatenss auss
commodes que la moyenns ot Décart-typs. En rigle
géndinle, [l fwut recourlr A des  techniques non
paramétriques utilisant lo classemant par rang des varinbles
ou & I'snatyss multifectorielle,

AMETHODES DCYALUATION T DR FRRDICTION

On conaldire géndratemant (7, 9, 21, 37) que la m&thodss
d'dvaluation da In suscsptibllits individuslle se répartissent
on trols groupes principaun: questionnaires anamnestiques,

" ebrrélations paychologiques ou physiologigues, dpreuves
provocatrioss, Chaque type de- méthods prédssnts das
Avantages ot das (nconvéniants qu'll convient d'analyser en
fonctlon de 'applioation qus 'on vaut en falrs.

mm»mmm

Ln quuuonnllru l‘inmuum A Phisolse do mal du
transports vécue par un individu afin d'évalust ou de
prédire s susceptibilics vis & vis d'un environnement ont
6 larpunan) emplopé dun de multipln &udes, Dee
quoationnaires tria divers ont été Seveloppis & obt siTet. Les

plus fréquemmunt utitlade b Pheure actualle soni s doute
{o “Pansasols Motion Slaknesa Quostionriaire® (MBHQ) ou

B3

s dérivés (9) développés aux BtateUnis et le "Motion
slgkness Questionnalrs® Britannique da Reason (M3Q),

La plupart des auteurs (7, 9, 22, 17) ¢'aocordent &
considérer que les diverses études expdrimentales mendes
depuls les travaux historiques de Alexander et Coll,(1945)
ot de Birren (1949) démontrent Is validité des
questionnairas, D'asses bonnes corrélations ont ainsl pu
dtre obtenuss aves des épreuves de laborstoirs, mals aussl
avec lo mal de Ialr ot lo mal de mez, plus récemment, en
utilisant un questionnaire spéeifique, uvec lo mel des
simulatours (8), Bion que plus fuible mais statlstiquement
significative, une corrdistion a dgalement dté upponu avee
1o sucobs en dools de pilotage (7).

Pluoloun polnu Importants méritent d'Stre soulignés &
propos des questionnaires.

L'histoire de mal des transports rapportée par un sujet dolt
toujours Stre pondirés par rapport A I'sxpérience des
situations provocatrices. Cecl est trds bien pris en compte
pir lo MSQ qui effectus uns pondération en fonetion de
Pintensiié des symptdmes mapportés ot do ia fréquence
d'eponition & la situation qui lss s déclenchés Co
questionnaire comporte dgalement une sectlon qui explors
Ihistolre de maul des sranaports avant I'age de 12 ans,

Les questionnairas sont habitusllement trds faciles k utiliser
méme avec uns population teds (mportants. Laur ¢o0t sst
modéré aussl blen sur le plan financler que sur celul du
temps consscrd & lwoquisition des donndes et A leur
traltement,

Bn revanche, (ls comportent des inconviénients inhérents &
la méthode anamnestique.. Aidnsl, sslon le- -degré ce
motivation du candidat et e contexts, on peut facilement
aboutir & une sousestimation (candidat trds motivé) ou une
sursstimation (sujet peu motivé) de la susceptivilié réelle,
CQuedzy (7) note gque 'sasociation avec dee dpreuves de
{aborstolrs condult habitusiiement A des résultats plus
réailsles que- lomque ls questionnaire sst utilisé isolément
on ddbut de sélaction,

Parml los inconvéniants rencontrds, le pouvoir discriminant
dai quedtionnaires conatitue un probléms majeus, Il est ent
offet reconnu (37) qus les questionnaires donnent des
pésultats sptistuliants pour les susosptibilitls extrimes (irbe
susoeptibles ou non-susceptibles) mais sont de peu d'utilird
pour elaster los sujots ayant une susceptibliitd intermédisirs,

D'msss  nombreusss variables  paychologiques ou
physialogiques-corréldes avio 1o suscepiibilitd-su mal des
teansports ont &id décrites (9 31, 37) 1 s'git 1 de
vatiablos qui sont censéas rellbtar- Ia. "séoaptivitd® (versant
mrounmhl) w I 'aemm" (vmlm nmnwm
mdllhmu. l'mmwumudummunm
pas 15 mise: o couvee-BIPIEUVIs BrTveRIIIN
Caol las difMirancly dons dae critdres physiologiques pirfals
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utilisda pour juger de la sdvirité du malaise provoyud par
des stimulations nausogéniques. Leur intérét en matidre de
prédiction pourrait Mre trda grand dens la mesurs od,
comms les questionniaires, afles prédentent uns cartaine
h.dépandance par rapport aux stimulstions provocatrices,
Les vorrblations relativemant faibles incitent cependant &
rester teda- prudent, %o qul est géndralament le om en
matidre do séluction. Alnsl, pour os qul concerns la
supibilité -d'un individu donnd, elles ne oconstituaat
généralament qu'une (ndication.

32,1 Variabies paychologiques

Bllss sont surtout mentionnées {sl pour mimoire oar, al
ollos semblunt dtre patfois significatives dans le cadre d'une
population, les oorrélstions obtenuss sont trds loin d'étre
abioluss,

Des relations avec la susceplibilitd aux cinétosss ont alnal
pu dtre avanodes pour des truits da personnulité, comme
V'extraversion-introversion, les tendances névrotiques, I
peur ot Manxiété, Des variables comportementales comme 1a
notion de dépendanve-indépandance du . champ- -ont
dguloment fuit l'objet d'un certsin nombre d'études, avec
des résultats parfols asses contradictoires,

3.2 variables physiologiques

Les variables physlologiques ou paycho-phyalologiques
apparalssant un peu plus intéressantes st ont falt I'objet
d'études récentes, Laur Intdedt pratique duns la prédiction
de In susceptibilié est malgré tout relativement limité ot los
réaultate los plus récants méritent ancore d'Stre validés sr
une plia grands échalls, Blles peuvent se divissr en
variubles neurovégétatives st neurosensorlelles.

mh.u&nmh nourovighath

Une tm bouuu tevis du dtudes nndumu sur jos virisbles
physiologiques sssociber tvee Ia susosptibilité sux cindtosss
ot préaantds dans V'ouvrage ds Reason (37). C'eat dars s
aphbre cardiovasculalrs que leg psiltits lod pius nombreux
ont 616 avancés, L'idés qu'une susceptibilité dlevée st
fréquemmaent sssocide Ao une tendanos i la bradyeardie ot &
I'hypotension est relativement répandus (9), blen qus
Inrgomans controversée. Ds mime, Laguay (16) retrouve
*avec une grande fréquence, vagotonis st spaamaphilie ches
los dlives pliotes sdressds pour-mul- de-luir sdvbes" tam
apportar rdellement de donndes matistique. L'un des
yrincipaux problimes dany' o type d'dudes eit blon m
'baancs d'un proupe témaln,

Las dludes plus. récentes mandes par Kol {11) wr dw
¢tidres hormonaux (AGTH, CRF, .) indiquent quo I
sjets Nowsausteptibies priantiralont pour o variable
neurosndoorines des tax de bass st des augmentations plus
importante sous- stimulution que iss sujels susouptibles
Toutefols ces valeurs restarniont b Vhutdrieur des valours
limitos- sdmisee on clinique: Sous réietve d'uns validation
plus -upprofondis, o type da oritiee pourralt w riviier

intéressant, blen qu'il ne représants sans doute qu'un aspect
du problsme de ls susceptibilité individuells.

3.2.2.2 variables neurosensorieiies

Les variables nuurossnsorislles qui ont été proposdes
comme indices de susceptivilité peuvant dire classbes en
doux  catégories, sslon qu'slles  conosrnent - e
fonctionnement.. du Jabyrinthe ou qu'slies touchant au
codage de linformation ssnsorislle et & la plasticité du
sysdme nerveux.

La premidrs ostdgorie & suseité de nombreux travaux ot
cetainement autant de controverses. L'sxemple lo plus
clussique est le cupulogramme de sensation qui consiste A
masurer In durés de sensutions posterotatoires en réponse &
dos atimulations impulsionnelies. Alors que certains auteurs
comms De Wit st Van Egmond ont trouvé une corrélation
significative entre -la pents du cupulogramme o la
suscsptibilité au mal de mer, Doble travaillent sur une
population de 1000 dlives pllots n'en trouvs sucune pour ce
qul concerne le mal de V'alr (27), Cos résultats négatifs ont
#té ultérisuroment conflrmés par Bles (2) dans une étude
sur le mal de mer chronique.

11 wdiate on fuit des relutions entre les lusions sensorislies
on réponss h des stimulations vaatibulaires et les cindtosss
qui n'ont jamals été parfaitement clarifiéss. Bn travaillant
aut les perosptions lliusoires su départ et & I'serét d'une
centrifugauso (13), Ul n pu dire mis en dvidenow que
{'amplitude des illusions sensorielies parguss par un groupe
de aujuts ssceptibles dtult signifioutivement plus impontante
que pour des non-suscsptibles. Ls falble nombre de sujets
danma chaque groupe ne permet capendant pu de conclure
sur os ghapitre,

Pour Remson (27), il apparalt pau dvident que dos mesires
de a aenibilicd veatibulalre ou mamse de I'nabitusbilité de
Is fonction. pulsent- fournir des Indices fables de la
susceptibilitd aux eindtosss,

Do résultais expérimuntaux réconts obtenus par Diamond
of Markham (4, 19) relencent cependant  osite
problimatique sn montrant une relation trbs significative
ontre a susoeptibliivd au mal do Pespuce of 'agymiirie do in
fonction otolithique. Il fuut remarquer que les sovidtiques
utilisent dapuin do nombreusss snandss comme prédicteur
de In suscaptibilitd Fusymdicie o la réponss otolithique lm
d'épreuves e Ia bmnwu pmlm. (!. ) - i

En complémant ds os -idloss Hie dlm«mm N
fonctionsiement vestibulsire, Reason (28, 27) a tenté ds
divelopper des mesures indirectes qul, selon i
rifiberaiont Jn récoptivitd dea mujscs i & vis dus confiits
sensoriali. 1 a ainal pu maetire sn dvidence des corrélations
entrs  la  susosptibllité sux  aindtoss
wmwmmhmdo‘m

shae affwx’ (SAE) ot la- mowire-
Pintensitd d'un son de frdquence 1060- tnmm
mmumumwmﬂmu
wimulstions: grovositeiies ot de rétention da Uadupiation,
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une démarche globals utilisable pour Pévalustion et la
prédiction, sinon de la susceptibilité d'un individu vis & via
des cinétosas en géndral, du moins de In catégorie de rsque
dang luguells i1 se situe,

33 Korauves provocutrioes

A cs Jour, en dépit de I'intdrét présanté par les méthodes
indirectes qui viennent d'dtre évoquées, les dpreuves
provocatrices, dont ls but est de faire spparalire les
ympiOmes caractéristiques des cindtosss, constituent
encors lessentiel d'une démarche d'évaluation de In
susceptibilite,

Las revues de In littéruture (31, 27) montrent que da tris
nombreux moyens ont été mis en osuvre pour provoquer
Papparition du syndrome de cindtoss, aumi bien en
lsboratuirs que sur Ie terrain. Bn fait quelques techniques
principales, largement utilisdes pour Pévalustion de s
wscaptibilité, peuvent tre Identlflées ot seront déicrites loi,
Quslles que sofent les stimulations smployées, plusisurs
problbmes se posent A |'sxpérimentatour,

Clast tout d'abord le probldme de l'intensité et de la durde
des  smimulations, ls protocols cholal devant. dire
disceiminant ot dviter I'sffet pluncher ot Ieffet plafond, Co
sont aumal lea critdras utllisds pour arrbter I'épreuve, pour
Juger de la sévérité du malaise provoqué et pour quantifier
1n susceptibilité vis & vis du la stimulation amployés.

331 Techuiquan et protocoles de stimulution

Yants (17, 18) o offectud une revue comparative détullide
des épreuves da laboratolre les plus utilisées pour évaluer la
susceptibilité, Blies ont pout princips commun de générer
des sltuations od se-produtsant des conflits sansoriels qui
aboutimsant beaucoup plus rapidement su syndrome de
cinftose que les situstions rdelles de termain, En utilisant
une dichotomis almple, on peut galement cladser cm
Sprauves slon le typs de stimulation de mouvement délived
AU ajat  principalement  accdldrations  lindaires,
aoodlirationd angulaires et interactions visuowvestibulaire.
Las miéthodes utillsant les situations de terrain ob les
simuiations sont habltusllement besucoup plus
difficilament contrdlables ne seront pus évoquées ici,

3.3.11 Accdlérations Lindaires

' Cos dprouves vont sasentiellement simuler lea récuptours
© otolithlyues,

L'acctldratour vertical o &é trbs largemont utilisd sn
partioulisr pour I prédiction du mal de msr. Compte tenu
du domaine de frbuence relutivement bes des simulations
ofticaces (0,1 & 04 Hur) ot du niveau d'aceblération requis,
o4 lype de simulation wige uns grande amplitude de
mouvement dong un apparsiliags lourd ot mmbum dom

pubhhomdmpmmdhpw

un_c slternative oM conatiiube par
balangoire paratlble qul parmet de dqum dos stimulations

~lutilsation d'uns
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otolithiques adésuates, Co type d'éprouve figure dans les
tests de sélection dea pliotes et des cosmonautes sovibtiques
(10), Plus récammant, Money ¢t Omen (22) ont tenté (avec
pou de succde) d'utlliser un noodlérateur horitontal (aled).

Finalement s meilleure dpreuvs de stimulation otolithiqus
consiste sans doute sn une rotation A vitesss constants
autour d'un sxe incliné par rapport A in verticale terrastrs,
De nombrausss dquipes se sont -intérassdes aux olfets do
oatte stimulation qui sollicite [a fonction otolithique par i
bisis de 1a réorientation constants du vectsur gruvitd
relntivement aux macules utriculuires et sncculaires. 11 #'agit
1A d'uns #preuve trds provocatrics dont 1s mise on oeuvre
demeurs relutivement simple,

Plusieurs versions codifiées de o8 test sxistent comme is
"Tilted Axis Rotation Test" (TART) utilisé & Pensacols oy
le "Off Vertioal Rotation test" initialement conqu par
Otaybiel et Miller at encore utilisé sous une forme modifide
(OVR) par la NASA (38). Dans les deux cas I'sxe do
rotation est ingliné de 25 & 30* su maximum avec des
vitesses de rotation qui ne dépastent pas 100 */s pour lo
TART st peuvent atteindre 340/ pour FOVR, Notons
enfin que les rotations autour d'axes purement horisontaux
(PAM) ont également dété utilisdes avec sucods dans des
$udes d'évaluation ds Ia susceptibliicé (12, 22),

33.1.2 Accélérations angulaires

L'utilisation des acodlérutions angulaires constitve une
méthoda de choix pour provoquer rapidement e syndrome
de cindtoms, Blle ne requisrt géndralement qu'un almple
fuuteuil tournsnt oo qul en fsit une technique trls
dcanomique sur le plan des installations. Le fauteull
tournant & ‘maintenant preague totalemant remplucéd Ins
sutres géndratours d'scodlérations angulsires, comme s
balangoirss Inrgement utilisbes dans les travaux historiques,
on particulior su Canuda,

Plusiours tachniques différentes psuvent dire déerites an
fonction des protocolm utliiss,

La répdtition d'arréts rapides de I rotation aprbs une phase
A vitesse constante sit connus de longue dute pour e
sffets provocateurs, Cotte tachnique ent identifiée comme ls
“sudden-stop test", Blle consiste mattre le sujet en rotation
4 300%/s pandant 30 secondes puis b Farrbter en 18

© sheands, Aprds 30 ‘secondes d'urrdt, Ia procidure et

répéide 20 fols len youx formds, puls 30 fols dans un sns ln
yx ouvert ot dventustismant 20 fols dand l'suite sans
Jusqu'h vs que lo-sujst siteigne un crithrs de maluise défini
& P'wvance,

Les dprouves utilisant Yelfet dea scodidrations de Coriolls
sur le systbme vestibulale sont sans douts ls plus
répanduss on matidee d'évalustion de 1a susowptibilité.
Fondamantalament, st dgrouves sepossnt sus Fasdeution
do mouvements setily ou pauifs
rotutlon b vitesse oommd. Do nombraux ptotooulu ont

alng 804 utilisde
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Le "Brief vestivular disorientation test® (BVDT) est une
épreuve edrimement répandus. Aprks 30 secondms de
rotation & une vitesse constante de 90°/s le sujet exdcute
toutes les 30 sevondes des mouvements actifs de la téte
d'smplitude 45, en alternant inclinaison & droite et
inclinaison b geuchs (répdté deux fols), puls flexion vers
l'avaiit. Aprds chaque mouvemaent le sujét revient sn
poaltion neutre thte drolte. Le temps maximum de rotation
sat do § minuced et 30 secondes ot v sujt effectus A l'issue
du teit une suto-dvalustion confirmés par un scors dtabli
par un obsetvatour,

Los $tudes mendes dans ia chambre de rotation lente de
Pensacols avec lo "dinl test® ont 16 & la source d'un dea
protocoles les plus utilisés & Vheurs sctucile (18), lo
"Coriolis Slckness Suscuptibility Indm test® (CSSI), Co test
& 6td développé en vue d'aboutir & une quantification de ln
suséoptibilité au moysn d'un scors numdriqus unigue,
L'épreuve consiste en 'scboution de mouvement nctifs da la
tite & 90 * alternativement dans les quadrants avant, droite,
arridre, gauche, avec retour en position neutre entre deux
mouvemants. La vitesse de rotation du feutsuil tournant eat
augmentée par paliara pour atteindre uu maximum 180 */s,
L'épreuve et arsétéa lorsque le sujet atteint un nivesu de
malaise prédéterming. Le score do susceptibilité est alors
caloulé on prenant en compte lo numbre de mouvements
offectuds pendant chaque palier, ponddré par un fucteur 1i¢
A Ia vitesse de rotation.

De nombreuses variantes de cutte dpreuve ont été adaptées,
on utilisant des protocoles en ramps de vitesse ou autres st
on jousnt sur le nombrs, I'smplitude st la nature des
mouvemants ds téta, salon lo but recherchd,

Las Sovidtiques utllisent pour |a sélection des cosmonautes
plusiours protocolss Ifuisnt appel & I'sffet cumuld des
accéldrations ds Coriolis. -

Lo plus répandu consiste b falre effectusr des mouvernents
du buste da 90 *dura |e plan sagittal avee une périodicité de
S sacondss of une vitess da rotation du fauteull dtablie
d'emblés A 180 */s. Ly durée minimum de I'dpravve eat de 8
minutes ot, ol lu tolérance du sujet le parmat, elle se
prolonge Jusqu'd 12 minutes ou plus pendant
l'ontratnement. Il s'agit done d'une épreuve extrdémemant
brutale,

Les auteurs . sovidtiques (10) attachent une grands
Importance aux réactions neurovégétatives spécifiques du
syndroms, mals aussl sux yéactions eardio-vassulnires, Un
autre protocols utilisd en shlection utilise des mouvements
alternatifs de ia thte A droite et A guuche pendant une
rotation & 180°/s aveo arrlt toutes los minutes, Les
parsmbtras cardio-vaseulalres, pression actérislle o rythme
ourdiaque, SRt alof ieiirda puls la rotation reprend en
sans inverse, Lo candidat doit subir cette procédure 10 fols
sicossslvemant sveo un trés bref artét entre deux périods
de rotation, . . . . .

3.3.1.3 Interactions visuo-vestibulaires

L8 *Visial-Vastibular Interaction Test" (VVIT) constitue
un exemple d'épreuve utilisant lss interactions visuo-
vastibuinires. It conaisie & soumettts un sujet & une
stimulation oscllatoire & 0,02 Hx aves une vitesse créte de
185%/s on lul demandant simultanément d'sffectuer une
thche visuells d'extraction de données dans une matrice de
nombres, Il & 818 ainsi montré que la complexité de la tiche
visuelle intervenait significativement dans la sévérité du
malsise observd,

Money st Coll, (23) ont utilisé le port de prismes inversanta
pour tester In suscoptibilitd des astronautes du premier vol
Spacelab. Toutefols lss mouvements de In thte et lu
déplacements effsctuls étant libres, I"évaluation a une
valour plus qualitative que quantitative,

D'une manibre générale, on peut également assimiler los
épreuves utllisant In vection circulaire ou lindaire sux
dpreuvos d'{nteraction visuo-vastibulaire.

334 eritéres da jugement

Las critdres utilisds pour Juger de 1a susceptibllité des sujels
présantant une grands importance. Il convient en effet
d'dviter les problbmas d'sffet plancher st d'affet plafond sl
l'on wveut résliser une clamification suffisamment
discriminante de |n population étudiée. Par exempls une
dpreuve pau provocatrice associde & des oritbres de malalss
sdvire donne Lieu 8 un effet plancher dans la mesure od
beaucoup de sujets risquent ds ne Jamals atteindre lc
critrs. L'invarss, (épreuve trde provocatrice et critdre
faible) donns lieu A un effet plafond. On doit distinguer fel
los éprouves effectudes an {so-stimulus comme ls BVDT ot
1es dpreuves en iso-maluise comme ls CSSI. Dans los deux
oas lo probiams du oritdre de jugement, critbre darrdt ou
critbre d'évaluation va 58 poser. La validité de I'évaluation

da 1a suscaptibilité va reaposar pour une part importante sur
Ia flabilité de cas oritdres,

3321 critbre d'arrdt

Ds nombreux critdres d'srrét ont pu Stre  utilisds.
L'upparition du vomisssment, signe objectlt de In sdvérité
du malaiss, est considéré comme un bon critbre mait
présents des inconvénients dvidents, particulidrament duns
los dtudes nécesaitunt In coopdration dus sujets. La plupart
des suteurs utilisent plutét Pspparition d'une nausde
franche ot non équivoque,

Pour pallier les difficuliés d'estimation, des échellea d'suto
sstimation ou d'obsarvetion de Vintensité des symptémes
ont &é développées, Un rephre sur cette dchalle,
géndralement  numériqus, permet alors de  [fixer
commpdément le critbre d'arrdt de l'éprauve, R

3.3.2.23 Bohelles d'dvaluaiion de sévérite

La notion de tramsformation d'un:jugement subjectit en
variable numérique sat & l'origine des diverses techniques
d'ostimation paychophysique. -1l sit en - alfel-: pomible
d'estimer. o fgon introspoctive l'amplitude des: eftets
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conscients résultant das dvinements auxquels nous sommes
soumis par I'environnement. Stevera a montré que cetts
estimation pouvait dtre numérique et sa roprésenter sous
forme d'échelles peychophysiques,

Las échelles paychophysiquas ont pour principal svaniage
d'dviter que "observateur indulse un binis par son influsnce
sus los réponses du sujet. 11 ne v'agit toutefols que d'une
suto-sstimation représentant 'sspérience qui résulte b I
fols de la stimulation présente et de Is mémoire
d'sxpériences analogues plutét que le niveau d'intensité du
stimulus physique auquel 1o sujet sat soumls,

Par princips, l'expérionce vécue par le sujet ne peut étre
comparée A oelle d'un autre individs du fait des
caractéristiques émotlonneliss maeis sumi d'une mémoite
des expériences passées proprea & chacun, Cedl explique la
réalisation fréquents d'études en Lio-malaiss A Dalde
d'dchallos dont.les nivesux sont fixés ) priori, On utilise
donc rarsment ds véritables échelles ds "bien-dtre global"
puisqu'elies ne peuvent béndficier de nive.:'x fixés A priorl,
1L samble préférable d'smployer des dchells: chiffrant on
priorité Fintanslté des ymptdmes cigeatifs, st notamiment
de la nuusée qui est 19 signe cardinal de l'spparition et de la
sévirité dus cindtossa, Ainal 1ea pramibres dtudes réalivées
durant In seconds gueers mondisle par Wandt utilissient
dd)b une dchelle paychophysique busée sur les symptdmes
digestify. Lea cinétosss étaient classées duns un ordre
croisant de sévirité selon trois réponsss : Inconfort,
nausées sans vomiusemants, vomissaments,

Las donndes de la llitdrature sur co swjet montrent que de
nombrausss échelles peuvent dire construites sur o9
principe. 11 y 8 qusiquas snnées, Oman (24) » blen soutigné
Pintdrdt de cos dcholles dans 'appréciation de la dynamique
des symptdmes de ecindtoss, Ellus ont en particuller
Pavantage de donner une image dynamique de Uévolution
de {s sdviritd du matain, ce qui peut dtre utlliss dans des
procsssus de modélisation,

Lorsque Pon utilise de telles Schelles comms crithre d'arrdt,
on convient géndralement d'éviter les nivesux les plus
dlevés car llintensité des symptOmea crolt slors en cuscade
ot les vomissaments pauvent survenir, L'arrdt est décidé par
lo sujet, préalablement informé du nivesu & sttelndre, st
non par Fobsarvataur,

A Popposs, un autrs procédd @ivaluation consiste B utilser
les observations effectudes par un tlees sus la svdrité des

ympidnise. L'vxampls ls plus dlabord de osite technique

oot sans douts 'dchelle de Ciraybial st Mitiar ou dchelle
diagnostique ds Pensacols, qul amocie des informations
d'suto-sstimation & Pévaluntion par Vexpérimentuteur des
au sand clinlque de F'obssrvateur pout In mesure de ln
phisur ot de la sudation. L'identifiestion el Ia mesure des
autres aymptdmes (nausbes, salivation, endormissamant,
odphalées, désdquilibre) font uppal A Meuto-ssimation,

Lo wore d Grayblal st Miler s conatitud par fa somme

dea polnts attribuds par 'échalle aux différents symptomes,

8

1! taut noter que ce modo de quantification fait appel & des
apprécistions subjectives de la part du patient et ds
Pobservateur. De plus, les symptdmes prls sn compts
peuvent refléter une réponse vigétative carsctéristique de
cartains sujets ot ne pas dtre Lids b 1n sévérich des cindtosss.
On risque pat sxemple de surestimer le malaise présenté (sl
on se référe & une dcholle paychophysique) par les sujsts
soumnis h un entratnemont adroble réguller gar s présantent
uns sudation plus facllemant stimulible qu'une population
de rélérence.

Bien que Reason ot GraybleL, sient montré une corrdlation
monotons entre lsur échelle d'auto estimation sn 12 points
ot tv score dé Persucols, lv but susentiel da ce dernier
demeure la  ditermination. d'un oritdrs  dlaredt
d'expérimentation, Bn effet, comme le souligne Oman (24),
1a tendance A ne présenter qu'un chiffre global reprédssntant
Dintensité du malaise snlive b cette techniqua une partie ds
son ntérdt pour suivre I'évolution des symptomes.

Las  dchellea paychophysiques ont Dlavaniags d'dtre
factlement ot rapidement établies, Blles psuvent &tre
utilisées pour suivrs évolution du syndrome de cindtose ou
pour définir un critbrs d'urrét, Cependant slles sont fondées
sur des appréciations subjectives et sur la tranaformation de
varisblea qualiatives an une ou plusieurs - variables
quantitutives, Blles sont done relativement Imprécises ot
souvent ne parmettent pas de bisn différencier des niveaux
trds proches d'intensité du myndrome de cindtoss,
particulibroment pour lea nivesux élevés qui peuvent
s'anchainer en cascads,

33.2.3 Muasures physiologiques objuctives

L'tvalustion de In sévirité du malsise par une échells laisse
done subiister une relative Imprécision liés aux mpects
subjectife de In tuchnique émployse. De nombraux efforts
ont été donsacrés & la-mise su point de mesures
physotogiques représentatives de l'intensitd des symptdmes
provoqués par les Kimulstions de laboratolrs La
détermination d'élémenta objectify suffisamment Hublea st
précls pour pouvolr Stre utillsés en tant que critbre d'arrdt
ou comme indics de séviérité serait bisn évidemment d'un
grand (ntérét suml bien pour les protocolss en {so-maluise
qu'en lso-stimutus.

L4 moesurs de- variables. cardiovasculaires, comms la
fréqence cardisque st de Ia prassion artdrielle, & de tout
tomps suscité un vi? {ntdrdt. Ba falt, U sumble dilficlle
d'utiliser oss vatiables en raison des grandes varistions
interindividuslios observies dans les réponses aux
stimulations nausdogéniques. Signalons toutelels que les
sovibtiques préconiasieat encore il y a quelques snndes une
ligne “dure’ assimilunt b une mauvalsa toldtined toute
variation de ls fréquence cardisgque, dans un Jena ou dans
Vautre, do plus ds 10 batterments par minute.

La meyrs objetive do signes neurovigdiatili comme lo
degrd dv widation ou I8 phisut prissnie ded ditheulibs
importantes, Dany s mimme dosiaing, I feut cependant
signaler los rdsuliats sncouragsants obitenus par Parker (9)
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avec In mesure do 1a conduction cutanée palmuire ot coux
plus récents do Qolding (6) qui a utilish avec succds la
mime méthods au nivesu du front, [I faut dgalement
signaler les résultats obtenus avec les enregistrement EEG
peadant s stimulation (3), qui semblent -montrer
Uapparition de complexes pointe-onds pandant lo
développement du maluiss.

La ratentissement des cindtoses sur In sphirs digestive
constitus dgalement un point d'intérdt pour I'obtention de
mosures objectives, Deux types do techniques ont été
principalement utilisés dans lea études récentes,

C'est d'une part Ia guitro-sntérographle, c'sst & dire Ia
mesure des variations du champ électrique de l'sstomac et
des visobres pous {'influence de stimulations provocuatrices.
Bn dépit des difficultés d’enregistrament et de traitement
du signal qui pesuvent btrs rencontrées, cs typs de mesurs
samble pouvolr aboutir h des résultats intdressunts (30).
Catto techniqus montre en partivulier I'existence d'une
atonis antrale qui sembls bien corrdlée avec la sensation de
naushe,

In  deuxibms technique fait appel A Iimagerle
dchographique. A I'aide de oatte technique Il wst possible de
mattre an dvidence le retard de vidange gastrique résultant
du syndrome de cinétoss (31). Une dtude rédcenie (32) 2
montré que le etard de vidange gustricque d'un repas semi-
liquide ingéré avant une épreuve provocatrica était corrélé
lindairament (R=0,85) ) l'intensité du malaiss provoquéd
par la sthinulation (évalude su moyen d'dchelles), Ii wxiste
cepandant une assex forte variabilitd interindividuelle et
I'dtuds ne s'sst pas intéressés aux évoniuelles variations
intra-individuslies (test-rotest), La mesurs nécamsite une
bonne pratique de I'échographie digestive st Ia rdpétition &
Intervalles réguliors des prisss d'imuges, oo qul aupposs une
immobliisstion relativement prolongée du sujet, Si s
flabiiité Stuit démontrée, ce type de mesurs pourrait dire
particulibrement Intéremant pour Iss épreuves en lio-
stimulus ob In détermination de In sévérité du malulss est
toujours délicute. - S . :

Dans In mbme dtude, Vaimalle ot Coll, sc sont dgalement
intéressds & I'évolution de variables hormonales en fonction
do In sévéritd du maluise, It vagit Id plutés d'une dtude
pllote, portant sur 6 sujets et les résultats obtenus dolvent
Sre considérds aves prudsnce. Une relation linduire
(R=0,8) été obastvés entre le taux d'AVP plusmatique st I
sivérité du malaise & P'lssue des-épreuves provosstrioss, De
méme, uno asser bonne corrdlation sat obtenus entre la
abvéritd du mulaise ot lo taux d'épinéphrine, mals le taux de
norépindphrine ne semble par avolr été modifid d'une
maniére signifioative.

324 sores de wsceptibilsé

Il convient généraloment de no pas confondre los échelles
sboutissant b I'estimation du malsise avee les Indices de
tolérance qui reflbtent Is “quuntité de stress® suble par un
wijet pour arrhver & un nivesu de malsise dbrerming,
Toutefols 1es scores de malaiss sont parfols utilisée comme

indicos de tolérance, en particuller dans les dtudes en iso-
stimulus (BYDT),

Dans les études en Isc-raialse, lcs méthodes les plus
simples consistent A utiliser directsmont la durds de I
stimulation ou fe nombre de stimulations provocstrices
subles par le sujet. La notion de durée peut également
ontrer avec lo sora ds malaiss dans la composition d'un
Indice unigque utilisd par ememple pour ranger des donndes
ari vue d'une exploitation statistique (12).

Llindics fo plus utllisé est trds castainement lo CS.8.1
(Coriolls Sickness Susceptibility Index) mis au point par
Miiler ot Graybiel. Cot indice & dté dtabli pour les étudm
utilisant les codldrations de Coriolis selon le protocole
dvoqué plus haut (CSSI teat), Pour une vitesss donnés, lo
nombrs de mouvementa de thte nécessaires A ['sttelnts du
niveau de sévérité fixé est un témoin de In susceptibilité
individuelle aux cinétoses. Plus ls nombre de mouvements
de thte réalisé aat important, moins ls sujet sst sensible et
inversament. Loraque la vitesss de rotation augmente, le
stimulus devient plus Important o ls nombre ..de
mouvenionis de téte nécessalre déorolt . Miller et Grayblel
ont calould, lors d'Studes on isomalsise o & des vitsssos de
rotation  différentes, I'sifet ‘“stressant’ d'un  unique
mouvement de tdte. Catte relution et de type
logarithmique.

L susceptibilité aux cindtoses induites par les accélérations
de Corlolis (scors CSSI) peut donc &tre caleulds
simploment :

CS8L = IE N
B offet d'un mouvement de téte

N : nombre de mouvemonts & uhe vitesss de rotation
donnde,

La Hubllité do et indics dépend done easentiellement de la
flabllité de la ddterminition du oritdre d'urrdt qui est en
principe lo “moderate malaiss 11" de l'échelle d'observation
de Graybiel et Miller.

4 ONTHESE

Les méthodes d'évaluntion de Ia susceptibilité nux cindtoses
sont dona multiples, Bn rbgle géndrale, ce type de situstion
signifie sssantiellement qu'sucuns dentre siles ne conmitue
une panacés. Coeol eat égalsment vrul pour las crithees nu
mesures utlllsés par ces différentes méthodes,

Bn s'sppuyant sur des considérations statistiquos, Xennady
(9) souligne teds oliirement que In fiabilied e ls pridivion
it directement conditionnde par I flabilité de la technique
sllsmime ot celle - dos meaurss quiella utllise. Cosd
contliue blen e un point essentiel A prendre- en
considéeation Jorsque l'on tenie d'dvalier In susceptibilité
d'unt individu donnd vis & vis d'une altuution opleationnelle.
En sppliquant cs type de rulsohnement siatisiique aux
diffirantes techniques d'évalustion, il asboutit & Is
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conclusion que les variablea physiologiques et les traits de
personnallté ont une valeur prédictiva faible alors que des
résultats plus sathifaisants sont obtenus au moyen des
qQuestionaaires st dea dprauves provocatrices. Les meilleures
pridictions sont cepsndant obtenuss en utilisant des
masures on situation opérationnsile,

Sans entrer dans des consldérations atatistiques avanoles ot
avec le souct de rester concret, ls principal snsolgnement
que l'on peut tirer des études sur lévaluation de la
susceptibliité oit qu'll faut adapter soigneusement les
techniques st les mosures au but recherché, La problime
ost en fuit d'utiliser au. misux des techniques que nous
savons &re imparfuites, Deux points essentisls doivent Mre
soulignés: I8 ndosmité d'wne grande mgueur
méthodologique d’une part ot Ia prudence dans
V'interprétation des résultats d'sutrs part.

Las méihodes d'évaluation utilisant tes questionnaires ont
un intérdt certain lorsque lon cherche 3 évaluer Ia
suscoptibilité d'un grand nombre d'individus. Elles
permattent de trier relutivemant alsément lea Individus
axtrbmes, trds susceptibles ou +  peu susoeptibles.
Mathsursusement, pour les susceptib..tée intermédiaives, le
pouvolr prédictif devisnt basucoup plus incertain.

Le prablime qui peut ss poser concrdtament est done celui
de lu calibration des résultats en fonction du but B
atteindre. Utllisés dans un processus Je sélection, iis aident
principalament A éliminer los sujeis trds suscoptibles, La
question qui se pose alors sst de savolr ob placer s limite
entre los indlvidus trda susceptibles et lss intormddinires,
L'sxpérience montre qu'il s'agit in d'une thche délicate.

L'lllustention de ce propos peut fuire sppel aux données
acquises lors d'un processus de sdlection de candidats
coimonautes pour les vols Franco-Sovidtiques (14), La
population nitiale de candidats retenus aprds un premier tri
sur dosslers se composait de pilotes militaires et eivila,
d'ingénisurs o de scientifiques. L'histogramms des scores
do suscaptibilité obtenus 3 Vaide d'une wvariante du
questionnalrs MSQ donne un profil relstivement habituel
pour os type de population (figure 1), A ce stade, les
quelgues sujets prisentant des scores trds dlevés, supérisurs
A 50, ont 4t sliminds,

Parmi los sutres, spris passage dans différents filtres, 80 ont
subl \une épreuve provooatrice sur fuutwuil tournant,
utilisant Jos acodlérations de Coriolis selon un protocols &
deux niveaux de vitssss de rotation (90 et 180 */s) avac un
mouvement actl de flexion du buste toutes les 3 socondas.
La durés maximale du test #init de 8 minu(es,

A Ulssus de cstte épreuve, 1os cundiduts ont $ié classds en
trals catdgories ( réuctivité faible, modérés, dlevés) selon
Pintensité des aymptdmus observis un suivant dchelle de
Graybial, Lorsque Pon fait Fhistogramms des scores MEQ
obtonus salon ces trols eatégories on constute différents
points. Dins ls groups h tuibls réactivité (figure 2a), plus ds
S0% dek candidats ont obleaus un store MSQ compris
entre 0 &t 2, auewn n's de soore supérisur & 20, Dans lo

roupe intermédiaire, le pourcantage des scorss entre 0 et 2
diminuse at est proche de 30 % (figure 2b). Les individus
clasaés dans ces deux groupes ont tous terminé 'épreuve
sans atteindre lo critdre d'arrdt qui étalt la nausée sévire oy
ls vomisssment. Dans lo groups A réactivité forte, on
POLPOUVE GNOOTS Presque 15 % de scores trds bas (Mgure X),
oo qui n'est pas étonnant étant donné Is motivation de
candidats, mais on constate auss! que les quelques candidats
admis aux épreuves avec des scores dlevés aa trouvent dana
o8 groups. Ces quelques schémas montrent Assee bien les
limites des questionnaires dans les processus de sélection

En revanche, dans I'évaluation ds la susceptibilité via b vis
de certaines situstions de terraln, comme s simulateur de
val, les questionnsires constituent une méthode trhs
Intérsasante, comms en témoignent lea rdsultats obtenus
par Kennedy (8).

Las dpreuves provocatricss en laboritoirs ne sont pas
dépourvues d'inconvénients dans les sblsctions. I faut
distinguer icl deux cas, selon que Pobjectif recherchd est de
prédire I toldrancs dsns un environnsment proche de la
situstion de laboratoirs, ou qu'une prédietion plus générale
ot recherchéa,

Dans 1o promisr cas, lo probléme est relativement simple et
In diffiouité majsure consiste h ajuster le niveau de diffieulté
des épreuves ot b emayer de tenir compte des capacitds
d'ndaptation des candidats. C'est le cas dans les protogoles
Franco-Soviétiques od l'on s'offorce de prédire la capacité
ded candidats & endurer [entralnement vestibulaire
extrémemant poussé préconisé par s Soviétiques avant 1e
vols spatiaux. 81 le protocole de sélection aat trop faible, en
tentant de solliciter les capacités d'ndaptation plutdt que ls
réasistance, on peut parfols obssrver des dchecs. La solution
qui & dté retenuc lors de ln dernidre sblection effectude
(MIR 92) & été de tentor d'établir la tolérance de buse d'un
faible nombiee de candidats pré-séloctionnds, puls de teater
los capucités d'habituation de ceux qui semblaient les plus
intéressants sur le plan de ia candidaturse,

L'épreuve, toujours fondée sur 'effet de la cumulstion das
accélérations de Coriolls, a été congue en conséquence . La
ssulon complits de atimulation vestibulaire comporte §
paliors de vitsase de rotation (entre 30 et 340 %/s). Pour
chaque pulier les ssns horsire et antthoralre  sont
sucsssivament utilisés, La durés totale de test est de J4
minutes, Las stimulations provodstriess sont produites pat
des mouvements acifs d'inclinaison du 1s téte b droite st b
ghiche, suivie duné fledon du buste en svant. lLa
plriodiclié dos mouvements est de § woondes of 1o sjs
roste dana Ia position ob U s trouve entre dewr
mouvemants succeasifs (pas de retour en- posltion neutts):
Catte dpreuve permet une bonns discrimination ds Is
tolérance dus sujets, clnssée suparavant sur la buse d'une
Spreuve sovibtiqus clissique en 8 minutes, en tragent e un
diagramme b deux dimeasions ia poaition des différents
sjels an fonotlon du score do malales observé b la fin de
Péprauve contrs Vindice de tolérance ealoulé (figure 3).
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Dans toutes 108 épreuves de shiection, I'évalustion de la
sivéricé Ju malaise provoqué psr I'épreuve pose un
problsme. ['suto-eslimation de Ia neusle, qui est un
diément fondumental des techniques d'obssrvation, est
tolativemant peu flable avec des sujets motivés. Clent
pourquot il est nécsasaire de falre aridter I'épreuve par une
action volontaire du sujet lorsqu'll stteint lo critdre de
nausés sdvire précidant is vomimement, ce dernier
terminant en il trde souvent I'épreuve, Cs type d'épreuve
bindficierait bien évidemment de I'utilisation Je mosures
physiologiques objectives.

En revanche dans toutes las études ob Ia coopération du
sujot ast acquiss "a priori”, lee échelles d'suto-esiimation
donnent généralement des résultsts sutisfalsants et leur
flabilité semblo ssulement limités par les variations
interindividuclies ot In capacitd de discriminer entre des
seuils da malaise proches,

La probléms de !'tvaluation géndrale de 1a susceptibilité &
partir d'éprouves provocatrices est beaucoup plus complexe.
C'sat |0 cas pour Ia prédiction de Ia susceptibilité su mal de
Pespace nd les stimulation de Iaboratoire clssiques rendent
trds mat compte de la aitustion particulidre rencontrée an
microgravité. Reschke (28) a ainsl montré que les
corrélations entre la susceptibilité dvalube su inoyen de
diffétentes épreuves de laborutoire o la survenus du
syndrome su cours du vol paraboliqus en microgravité
dtalont trds faibles. Plus récemment (29), ls méme auteur
conclut A Is nécemsité d'utiliser des batteries de teats qui
parmetiont  d'obtenlr des scores composites plua
repréesntatife do lu suscoptibilité au mal de 'espace, Ceci
implique Ia mise sn oeuvre de tchniques ststistiques
dlaborées et l'utitisation de modhles prédictifs

Pour terminer ceite synthdse sur l'évaluation ® la
pridiction de la susceptibilité, il sst intérsssant de revenir
wr lea réauitats stetistiques obtenus par Kennady qui
montre que las maesurcs opérationnellss donnent de trds
bons résultats. Il faut remarquer ici que, pouzr ¢s qui
concerne i mal de I'sir, 'Armée de I'Alr Frangaise utilise
en séloction initiale une technique qui, sans &tre totslement
rationalisbe pour les cindtoses, se rapproche sssez des
mesures opérationnelles. L'Armée de 'Air disposs, il sat
vral, d'un potontiel de recrutement assex importunt, qui lui
donne une cennine libertd dans ce domaine. La tochnique
conaiste simplement A fuire effsctuer aux éléves pilotes dea
manoeuvres ucrobatiques dans les quinze premibres houres
do vol &: ) ne reterdr que coux qui préssntent un nivesu de
performance satisfaisant. Cette sélection globals, ob l'effe:
des cinédtoser sat implicitement Inclus, semble donner des
résultats assex satisfalsants, #n ne retenant que des sujets
non-suscepiibles ou capablss de s'sdapter trds rapidement &
'savironnement du vol.

L.LCONCLUSIONS

Il wdste un trie largs éventail de techniquas permettant
I'évalustion o éventuslisment Ia pridicion de
susoeptibilité sux cinftosss. Ces techniques sont pour la
plupart relativement complémentaires, mals aucuns no peut

prétondre convenir A 'snsamble des situstions rencontrées
en mitleu opérationnel,

Ls plupart des suteurs s'sccordent A considérer que les
questionnsires anamnostiques ot les épreuves provocatricss
comportent, & I'heure actusile, les plus grandes potantialités
pour I'évaluation, Parmi les éprouves provocatrices, celles
offoctudes sur feuteull tournant et utilisant I'affet des
accdiérations de Coriolix sont les plus communément
utilisées,

Deix tendances semblent coexister dans les études en
cours. Il o'agit, d'une part, du recours & des battsries de test
trds compldtes ot & des traitements statistiques complexes
dont Pobjectit sst d'sboutir A I'dlaboration do véritables
modbles de prédiction, D'autre par, il existe une tendance
qui tente d'améliorer la flabilité des oritbres d'évalustion,
en recherchant tout particulidrement ls mise au point
dlindices reposant  sur la mesure ds variables
physiolngiques quantitatives,

Il faut remarquer que ces deux tendances sont
complimentaires ot devrslent parmetire damdliorer
considérablement ls prédiction des cinétoses terrastres,
mais sussi celle du mal de I'ospace qui, pour I'lnstant, pose
sncore queiques probldmes,

Remarciements:  L'suteur souhaite remercier Martine
Kergualen st Patrick Sandor pour leur aids dans la
préparation ds ce document,
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v Agure 1 Distribution de Ia suscepti- ' I‘ ©
L bilité évaluse au moyen du MSQ , , % candidas !
. (Motion Sickness Questionnary) dans |
une population de 193 candidats cos-
monautes.

o —
] Kore

figure2 : Distribution desscores MSQ
obtenus par les candidata selon leur
classemnent en trois groupes de sus-
coptibilité (faible, moyenne,forte) &
I'ssue d’une épreuve provocatrice.

1]

figure 2a 1 Groupe I, susceptiblité faible, , T !
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figure 2b: Groupe II, susceptiblité )
moyenne. 1 1" n n a

| % candiduts
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figure 2c: Groupe III, susceptibilité
forte,
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Figure 3: Le diagramme présente lo score de malaise & la fin d'une épreuve contre
l'indice CSS! calculé en fonction du nombre de mouvements de tdte effectués, La
comparaison entre les résultats obtenus lors d'une épreuve de 8 minutes (MEDES) et
I'épreuve de tolérance de 34 minutes (LAMAS) montre bien la discrimination obtenue
entre les différentes susceptibilités individuelles par ce dernier test,
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PREVENTION AND TARATMENT OF MOTION SICKNEES(
NON=PHARMACOLOGICAL THERAPY

dRR,

Thale

RAF Inatitute of Aviation Mediocine
rlrnberau?h Hampahire
GUi4 688

United Kingdem

Intxadustian,

The eoncﬁre that conflieting sensory
zneeo ne of ‘motion constitute the stimulus
hat in susceptible subjects glves rise to
motion sickness allows rational measures
to be caken aimed at animiging ensory
gonfliot and thereby reducing the inel-
dence of eymptons. Such measures add to
the affactivensss of prophylactic drugs
and may alone bhe sufflicient to prevent
motion sickness, .

It ls well known among sailors and amtro-
nauts that continued or repeated exposure
to an inltially nluloegtnio motion stimus
1us leads to 4 state of incraased resist-
ance to ite effect,  This provides a
apentansous cure for some individuals and
forms the bBasis of therapeutic programmes
to assist others,

This paper dedls with the strategies that
individuale can adopt to minimise their
exposurs to nausesgenic stimull, as well
as with sdaptation and its application ¢o
the treatment of zhronic airsickness in
alrcraw. Alse considersd are some of the
non-phatmacoiogloal measures that have
bsen used in the treatment of motion
sicknens.

The redugtion.of sanmory conflics,

To those of a mors adventurous nature a
motion stimulus Shat creatss sensory
tonfliot i» & pleasurable and excitin

exparience - inltially st least, Much o

the pcpulnrttx of fairground amusements
derives from she pattarns of motion senss~
tion that cannot be achisved by pedestxisn
man, and the various rides provide axam-
glqa of many types of sensory confliet.
he falrgraund oforltor'l treatment 2or
motion sickness i to stop the ride be-
fore, at least for the majority of the
population, the plessurs gives way to
naused, That way he maximiges ﬁfl zto!-
les, walle the most suyoeptible individy-
als quickly lears to aveld those » d:a in

vhioch enjoynatit is €06 rapidiy enguifed by
misery, W, hg lctr yound amy !g [ -
ance !5 thie post lglllglc.:g:p PHT

I
uvorylng i1its, howdvar, !a: t‘u n :2
susveptible JLvidunxl the total avoid-
anhve of conflicting sensory stimull le

neither necessary noy possible without
imposing unhacseptable constraints on
travel orf leisure activities.

As has been described in a previous paper
ssnsory conflict can occur bBetween visua
and vestibular sensexs of motion, between
the canal and ovellith components of the
vestibular system, and as & conseguence of
lovw f£requency o-eillltory motion.

¥4|n|;.g£|ggrg;|g rgngﬁég:. The normal
sxpectation for pedestrian man is that in

the preasence of head rotations tlie exter-
nal visual wvorld will lwodz away in the
opponite direction; shat is 1t will appear
to remain space stable, It is an essen-
tial function of the veptibular system to
generate compeneatory wye movement 1o as
to stabilive the retinal image of & space-
stable visual tlla.b in the pressnce of
motion of the head, In certain eiroum-
ptances this reflex !» inappropriate and
there is consequent seneory conflict,

The navigator who is map-~reading while the
alreratt ls manceuvring experiences angu-
lar motion seneed by the semi.ocirocular ca-
nals, but becauese his fleld of view l»
contined to objects within the cockpit, he
lacks any visual evidence of rotation, and
any vestibulaz induced ays movement has to
be suppressad if visual degradation for
the task in hand is to be avoided, #imi-
larly, the susceptible individual aboard
ship will experisnce less confliot if on
deok with a view of the horisen, or even
the restiess usea, rather than the visual
wgfld'bclow decks that moves with the
[ ] Pt

Car sickness i» a common problem in ehil-
dren whigh thcx are said to ‘grow out of'.
In fact, physioal xroveh mey well be an
important Zaotor. small child contined
:: “'t?d“ unzt‘ oi [} u:* ufn u‘%u- °§

e outeide wor n particular o roa
Chead TRt would Drovide him with the
visual acosyd when the vehivle corners oy
changes spesd. Reading ir a oar ls well
known to predipitate metion sickness in
uulqc:tlh o individuale. In Ihllrll%ﬂ:~
tion- the dutailed sganning eye movanents
coupled with the need to suppress vestibu-
x:r tndunid'oyc movemants nay e an inten~
silying fagkor, In & laboratory study &
visua) task that required a mubject te
search for numbers vithin s grid while
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undorrainq low fregquency (0.032 Hs) angular
oscillation {n yaw was shown to be nauseo-
genic éauodr ot al, 1982), whereas the
task of reading digite sequentially E"'
sented at the sams location under similar
motion conditions did not provoke symptoms
(Benwon & Guedry, 1971).

nnn;k;nsnli:fifgnxiiasﬁ The state of
sensory aeco etwasn samicircular sandls

and otellths ocours when motioh of the
head out of the horisontal plans (ie in
pitch or roll with the head upright) is
accompanied bx an aguivalent angular
change in the direction of the gravita~
tional agceleration as sensed by the oto-
l1iths, This sensory linkage bstween canal
and otolith is easily broken in a sorner-
ing vehlcle vhether the turn is flat, a»
in a ocar on an uncambered corner, or
banked as when cornering on a motoreycle
or flying a co-ordinated turn in an alr-
ocrafe (Flg 1),

P u insrtial Morep of ravial auaeioration
A » Furas of Qravity
A = ARauiten! Ferae

Pigurs 1. The forces acting on a
cornering road vehicle and an ailroraft in
a4 cosordinated turn. The postural response
of the oar driver is to lean into the
corner whereas the passenger tends to be
thrown outwards.

In a £lat surn the oteliths senve the
resultant accelsration formed by the
addition of the gravity veater to the
radial acceleration produved by the curved
ath of the vehicle, This resultant
nertial foros ls directed downwards and
outwards, but its outward swing from the
vertical as the vehicle enters the corner
is unaccompanied by any corresponding
rotation signal in voll from the ssmiwir-
cular canals. This conflict can be mini-
miged bx a reduction of spasd whan corner-
1nz. The amplitide of the radial acceler-
atlon for a given radius of curvature ix
s:opcreianql ©. the squars of the vehicle
orward vt1°°i%f' hence & small reduction
in veloolty give a disproportionatel
large reduction in radial acocelsration an
sonssguant sensory confilot,

In & oo-ordinated turn the alraraft is
rolled by an amount which maintalne the
resultant vector directed at right angles
to the eirerait floor, The sensory cone
fliet engsndered involves a perception of
roll without any relasive changs in the
direction of aceeisrdtion sensed by the
otoliths. Alsriine pllots minlmise the
confilect by limiting the rate fl zoll %o
laveld approavhing the 3 deg.e™' threshold
of perception, and by limiting the angle

of bank to 30deg »o that there is only a
small increase, to 1.18G,, in the intensi-
:x of what is perceived as gravity by the
phsaengers,

MW“MW“?‘ In
- lazger ships such as passenger ferries the

prineipal csclllasory motions of the
vessel are vertical translation, and pitch
and roll rotations (Lawther & Griffin
1986). The centre of roll rotation i»
well balow the watear line and therefors
gives rise to lateral translstion that is
reatest for the upper decks. O0f greater
mportante, the pitch motion of the ves-
sel, which ocours about a transverse axis
that is roughly mid-way along the length
of the ship, results in a conmiderable
increass in verticsl omcillatory motion at
the bow and stern of the vesssl. The peak
acceleration amplitude of vertical motion
which for medium sised vessels is general-
1y in the frequency range 1.5-3,0Hs can
vary bx & factor of 10-30 along the length
of a 100m long vessel (Griffin, 1690).

To minimise the nauseogeniu consaquences
of this type of motion one of the mont
effactive strategies a susceptible passen
ger can adept im to station himself at the
position of minimum vertical excursion,
over the axis of pitch metion of the
vessel, If the ship is rolling heavily,
some reduction in the conssquent horison-
tal oscillatory motion can be achieved by
heing on as lowv a deck aw pomssible, cone
slstent with the need for a clear view of
4 stable horimon in order to aveld visual
confliot,

The frequency of the vertical osclllation
of the vessel, a critical factor in the
nauseagenialty of this type of motion
stimulue, is affected by the heading of
the boat with respect to the dirsctlion of
advaneing waves. Thtn in particularly
trus of sea-going salling boats. When
beating te windward there ls often more
pounding of the boat as it meets each vave
and, while it may be uncomfortable, it is
generally less naussogenic than when
runnin% before the wind, In this condi-
tion the vave frequency is reduced and
there is an sccompanying forward acoelera-
tion and deceleration of the boat as it l»
overtaken by sach wava. For largsr vessels
under power, motlion conditlons may be more
nauseogenic when hoading into the oncoming
wvaves (Applebae et al. 1980),

In cars frequent braking and acceleration
generate what is in effect a low frequency
horisontal owuillatory stimulus and this
can also be naussogenic for susceptible
vehlicle oooupante, :

Vertical omselllatory motion is sneountered
in alreraft when £ x}nq in turbulence and
mlg lead to airsickness. In commercial
flying this is nowadays in2resquent since
panoenger alrcraft f£ly at altitudes wall
above the turbulence of the weather., It
may ocour if the alroraft encounters clear
alr turbulence at altitude or storm oloud
dctivity on the approach but such probe
lems cah often be avoided by re<routing.
By contrast, in milltgry flying the versi-
cal opglllatory metion induced by turbu-
lenve is & featurs of low-level flying
which ean in gercaln weashey condisions be
Vary ssvers,
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Iha_influsnce of head movaments.

When undergoing rotation, hesd movement
in any plane other than that of the rota-
tion will induce a oross-coupled vestibu-
ler signal that ie potentia lx disorien~
tating and also nauseogenic. Airerew are
instrusted when manesuvring in cloud to
minimise head movements, prineipally in
the interestas of aveiding disorientatien.
Such advice to.n&rarov.Jkrlnq mancsuvras
in alear visual conditiens is not appro-
priate however, because of the need to
maintain good look-out when changing
heading, .

In ebnormal G envircnments head mevements
are also provocstive of motion sickness
both in the mexo rrnvlt* enyironment of
IYIGI; (Oman at al, 1988), in parabolle
2light ((Lackner & draybiel, 1984, 1086),
or during high G manceuveas in fast jet
alrvoraft. The elimination of unnecessar
head movements in these circumstances wil
:?::oioro be protective against mosion
Ness,

It would sesm to follow that head move-
ments made in the alternating hyper- and
hypo«gravity snvirenment produce b{'lov
ttoiycnoy vertical oseillation would be an
additional factor in the provocation of
motion sickness, Thiy, however, has net
been clearly established, A study of
motion sicknesy induced b{ vertical osail-
latory motlon found no potentiating effect
from the addition of head movements ar
vhole body piteh and roll movements
(MoCauley ot al, 1976), Initial trials in
paratroops ©f the ule of restraints to
minimise head movement found significant
benetfis, but only in conditions of ‘normal
turbulence*, In conditions desoribed as
‘rough or "vielent® no significant dif-
ferences in the incidence of alrsickness
vers found (Johnson & Mayne, 1033),

A
similar study (Keist ot al, 1908) failed

to show any benefit from head ressralnt,
wvhereas hyoscine 0.68mg taken 1 hour
bafore flight reduced tha incidence of
vomiting from 318 te 7,58,

The dnfiusnce of body poatuce.

Several experimental studies have investi-
gated the effect of body orisntation in
relation to the direction of low frequency
oscillatory mation.

A study in alroraft undergoling rollers
coaster tyro manosuvyes showed that sub-
scta siuting upright wers less likely to
scome motioR siek than subjects wsitbing
with the head and trunk flexed forward to
the horimontal (ven Baumgarten et al,
1080), A similar study, which used alter-
nasing periods of weskh accelsration at
0.18¢ and forceful braking at about 0.8y
in an ambulence car, found that subjests
ware less tolerant of chis stimulus if
siteing up rather than lying down. These
studiss weuld suggest tha alwlllqiorx
motion is more nausecgenic when applie

throug? the X (dorso~ventral) axis of the
body than through the 8 (¢ranio-caudal)
axid (Vogsl ot al 1982). However, in the
treatnent of seasiokness it is well known
that ssasiok marinexs are better if made
to 1ie down, It is possible thevefors that
an .soillatory stimulus is best tolerated
in a poatuxe which requires a minimum of
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postural :czulato:y activity in order to
maintain Lit. A study to compare the
naussogenic effect of 0,3Hs einusolidal
osoillation at £ 2.5me" IPR!LCG vertical-
ly to seated subjects and horisontally ta
supine subjects (Golding & Kerguelen
1990). The finding that osclllation in the
horisonta) plane with the subject supine
was less provooative than vertical oseil.
lation is in keeping with this proposed
relationship to body posturs. However, the
2indings could alse be related to the
ahanged nature of the sensory conflioct
betwesn the two conditions.

Affsct of being in gcentral of the vahlola,

It is well ‘known that the driver of & car
or coach is spared the motion sickness
that may, as a consequance of his energet-
le driving, effliet hia flll!nﬂ!rl.
Several factors may contribute to the
relative immuniecy of the driver, but
problbl{ the most important is his
ability So anticipats the effects of his
sctions in acaelerating, braking and
dornering. In consequence, the driver
will lean into the corner while his pas-
senger tends to be thrown outwards, and
likewine, the driver will brace himself in
preparation for brlkini vheresas his
x:noonqor is initially thrown forwards.

abrupt change in the force environment
gensrates :ropr&eenpetvo sighals that ere
suddenly at variange wish those expected
an 8 conseguence of the existing postural
regulatery efferent activity. It may be
that thin constitutas a neural mismatch
lignal that contributes to other discords
ant motion signals in the provecation of
mmotion sickneas,

A similar benefit from being in control is
enjoyed by the pilot of an aireraft as
compared with his navigstor, though this
may bs less evident in early training
while he im still becoming acoustomed teo
the sensory conseguenced of his control
aotions. Likewiss seasiok erew members on
sailing boats may derive some benefit from
taking the helm.

A study to investigats the sffect of the
subject having control over the initiation
of a oross=coupled stimulum (Reason &
Benson, 1978) used three stimulus aondi-
tious. Bubjects were rotated at increment-
ing velooities on a turntable and tilted
in roll by 435 deg either passively by
means of a meghanical actuator under
operater control, or actively ulinr their
own muscular effort, or n .an
adtive/passive condition in whieh the
subjeot initiated the actuatoredriven
chalr tilt. Assesshment of motion aickness
symptoms indicated the gnnllvoly rotated
group to be the most affected, and the
active group least se.

A further benefit of being in control na
derive from the mznbal distraction that &
grov&dol. There ls experimental evidence
© suggest that motioh alcknass 1Km€tonn
ars rgSucod by mental sutivity that de-
creanses the gubject's avarensss df tha
rovocative motdion, In & study -of vestibu-
o¢ responses to vhole ‘rotation about
an sarth-horisontal axis i :rr&n~a Guedry
1966), o high incidenge af motion siokusss
vn: rlgnthld. 82 the 12 -subjessa who
falled 4o zomplets the test provedure on
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this agoount, all vers 4in the sub-group
whe had been asked to report accuratel
theair seneations of motion, whereas al
subjects vho wvere assigned a key press or
a menteal arishmetic task wers able to
complete the test,

In addistion to behavioural measurss, a
fursher important factor in reducin

motion sickness susceptibility is that o

adaptation, In this context adaptation
refers to the incresse in tolerance to &
nuu:coqonlc asimulus that ooceurs nver :
par o'?“ez several days or “.l‘\‘y wiaeamlo‘
Lepas XpOsUTe, s neur slologis

vaﬁ’l uae ?:i term uammﬁn for gh.u
phenomenian, and would reserve the term
ndaptation to refer to changes in the
maghitude of the respense during the
course of the application of the atimulus,
Both t{g:l of adaptive response can be
sesn with motion aickness. Rxposed to an
appropriate lavel of stimulus over say 30
minutes an ladividual may show an initial
loss of well-being followed by partial or
complete recovery indicative of a short
serm adaptation within she period of the

. Maluise Lows! Subjest B9,
| 0B HE A A M O e,
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Figure &. short term adaptive response

to a 30 min exposure to a constant

intensit low 2requency vertioal

:::xg:g on. &ho Onlﬁt t‘mth“”n““n ?:
e avea reflevts the

subjeotive wollfg;luy. onanges in

Researchers have attempted to use othex
meaAsurss of adaptation such am the rate of
disappearancs of illusory sensations
produced Dy repesated head movements in a
rotating environment (Reason 1972}, It i»
not howsver clearly entablished that sush
tests of perceptusl adeptation are predic-
tive of the rate of inoreass in tolerance
to nauseogenic motlon.

The phenomenon of adaptation i well known
among mariners ln whom sesasiakness asymp-
tore abate during the first fewv days at
#8A accompenisd by an improvemsnt in
lodomotor co-ordination aboard ship, a
phenemsien colloguially knewn as ‘'getting
ornie's wea legs', Adnrtauton is aleo @
feature of airdrew training, fThe famil-
larisation soreie may give riee to alrerav
slekness in 184 of sircrew and #lying

inatructors may have to resist the tempta-
tion to show off to the student the Zull
capabllicies of the airoraft at this stage
in trllning. Tolarance builds up with
aontinued flying but airsickness may recur
with the introduocion of new manocsuvres
such as steep turns, lg&nntnq and serobat=
ios (Tucker ot al, 196B).In space flight
the malalse and nausea that may initially
be piovoked by head movensnta in the sero
grnvxtt envixonment quducll{ dininishes,
ypioally over. & period of 2 to 4 days,

fimilarly in laboratory experiments; the
wearing of image-inverting specticles
initially provokes severs visual diserien~
tation and, vith continued efforts te
oarry out normal activities, 1ﬁpptomu of
malalee and nausea. After wearing specta-
cles eonl&nuoullx over ssveral days,
navsese is less readily provoked and loco-
motor activities become more normal
(Nikaelian & Held, 1984), Likewlss

experimental subjects who spant several
days living in a room that rotated about a
vertical exis at 10 rpm showed adaptation
to both the neuromuscular and nauseogenic
consequences of this envirenmant (Orayblel
ot A, 1969},

-A diibtinotion eﬁn be made butvoin éhalo

environnents that graduco & conslstently
reorganised relationship betwean the
varlous sensory outpute of imotion wsuch as
the microgravity environment of space, the
continued wearing of image reversing
spectucles, and to a lesser degres the
morien snvironment of a ship, and thoee
environments to which exposure is briat
and intsrmitcens, such as 2iight invelving
asrobatios.

in the formex group of environments it is
hypotherined that new lonlar¥ inter-rela-
tionships are establishad that to some
extent replace or overlie thoss Lhat
previously exiated, As & consequence the
veturn to the normal tersastrial environ.
ment iw associated with & temporary degree
of mal-adaptation and even mild motion
siokness osynptoms, termed nal de
débarquenent,

Adageatlon to asrobatic Zlight may be
qua Lhivn%? differant and invelve an
eaxtension of the repertoirs of patterns of
sengory input that the brain accepts as
legitimate.

Adaptation treatsant for motion sickomas.

The use of adaptation as a therapeutic
procedure is most appropriate to those
situations in whioh, following sreatment,
there is sufficient continuity of exposure
to the stimulus to ﬁ,tntuin the stidte of
adaptation and alwe in whioh the sconomie
of personal consequences of continved
notion sickness make a thc-oonluang
treatment programme worthwhile, Thou
poe.!l&tht~ ite these oriteris it is
mponsible as yet to prediet whoe will
aulfer ngneou okness and unsertaln as to
whethex 2loran¢c seguized to any earth-
bound stimulus would transfexr to the
nLeroq;chtz anvisoinent in epace.. e d»
parhaps in the treatwent of sirsickness in
mthnnr! alrorev that adaptation trsat-
ment had proved o be of most vAlue,

In 1968 Dowd desoribed the succespful
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return te zlzinq of an airsick pilet who
over a 1 week period received twice daily
sessions of cross-coupled stimulatioen.

Traatment programmes for aireickness in
student pilots were started in 1968 both
in the RAF by Dobie and in the USAF b
povd, Cross-coupled itimulation was use
A @ means to provoke symptoms of motion
siokhens. and subjecte lnoraaeed thelr
tolerance ta this stimulus by inoremental
exposures. Unlike the US progrimme, that
in the RAF involved from she outset a
g-rlod of remedial flying before the

ndividual was returned to trnlnlng.
Review of the first four ranl of the US
progranme shoved that af 78 aircrev treat-
od, 48% had continued in training for the
3 month follow up peilod, The comparable
success rate in the first 80 cames treated
in the RAF grogrummo‘v-n 15V (Doblis,
1974), and it has continued to be at or
above this level, It im therefore tempt-
ing to ascribe this difference to the
inolusion of remedial flying.

The RAY airsickness desensitisation pro-
gwnmro at ltes present state of avolution
conslets of a 4 day assessment phasa, a
wask ground phase and a 3 veek i‘ylng
phase, (In erqne;cc, oving t¢ the va~
garies of weather, alrorait serviceabllity
and alrorev illlness, only the assessment
phasa i of a £ixed length).

The assessment consists of a medical
interviev, vestibular function tests (pomt
rotatlonal and sinusoidally induced nys-
tagmus and positional test), psychomesric
teste (! senick Personality Inventory and
Catell 1€ Peruonality racters testa) and
aspessmant ‘of inltisl toleranse to the
g:ound-phtuo stimuli (oross=coupled stimu-
ation and low frequency (0.38Ms) vertioal
osedllation). During the ground phase of
creatment subjects undergo twice daily
sessions of elther oross-anupled or low
frequency vertical oseillation stimuli
(usually the same stimulus in nng givan
weak) but with an overall blas tovards
oross-coupled sessions.

puring cross-coupled stimulation the
subject nits 4in an enclosed ead on &
curntable and makes head movement se-
quences to and from each quadrant in piteh
or roil in random order over a 30 s peri-
od, During the earlier part of the course
the rotational veloelity of the chair 5!
inoremented from wero by 1,3, or 3 deg.s
after svery head noromont sequence. The
rate of inorement is determined on the
basie of initia lulﬂbgtkbtl&:!._hht more
susceptible subjests b Lng assigned lower
rates of lnorement and thus relatively
longer wesslon duration., Later sesslions
ars started at hlghos rotational velooi-
tiss. Nvery 30s the subject reports his
well being on a 1 to 6 scale) the seseion
Lie stopped ae so0n an & rating of 4
(moderats nauses) is reached, Research le
eurronl&x In prograss o l‘? y the affsct
on adaptitive vate of atepping the session
at level 2 (mild malaise),

Sessions of low frequency vertical oseil-
pisviutn saitionisg o 6, Shis | Buseseoa:
gialay of this ltlgu ) lq insensi :??cd
By an apclosurs shat preciudes p x o of
the stable visual world and by mahing the
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tubjeot carry out a visual swarch task,The
severity of the cttimulus is also deter-
mined by the peak accsleration leval, The
1ame level is used throughout each session
and is eet to a level, based on survival
time in friv1o“l ltlllonl, that the sub-
eot would be expected to tolerate for 20-
0 minutes, '

Undet this treatment regime moat -ubicotl
show adaptation aa evidenced by an abllity
to tolerake increassd stimulus intensities
or by longer survival times. Also in the
gouzss of adaptation subjecta find shat
following a treatment session, thelr
recovery time from the same level of
ndlaise becomes shorter. By the end of
the ground phase the expectation is that
the majogley of subledts will tolurate 20-
30 head movempnt eequences while resatin

at 00 deg.e™® and will survive fop 1

mtnutgﬁvvurhiell osalillation at 0,38Hs
). 8ms™, While some sxcesd this orite-
tlon, others show a very poor ctzoaltx to
adapt (rig 3), This fallures to adapt
seems to be more common among airoxew
referzed from maritime reconnalssance
alroratt in which, compared with aerobatic
fast jete, the utlTuLun lovel Lo relative-
erlow.huﬁ gontinuan for f.3 hours,
Alrorew who continue ¢o have motion sicke
ness problems on this ﬁ!p' of airoraft ars
robably !uii}ng to adapt, not just be-
veen sucaessive sorties, but aleo within
tie duratien of sach sortie,

stimulus doss
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Figure 3, Long term adaptive responses in
two individusls expos to twice daily
sossions of incrementing levels of cross-
voupled mtimulation.

Yollowlng the ground phase, pilots and
navigators £1y & 18 hour course under the
supervision of a dedicated pilot. The
2iying is graded in the introduction of
provecative manosuvres agcording to the
b iot'l-vollyholng during the sortis,
In ite early stages the course ls similar
for both plilots and navigators and both
gloup: Are_ snoouraged to take contiol of
he alrorage, In i&. later stages pilots
learn to tolarate inoressingly vigorous
asrobatio sequences while navigators
uhdertake the navigation of low level
gggggl alid targes runs (Bagehaw & Btote,
L]
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Tha tzansfer of adaphation,

Implicit in the use of ground-based crome-
coupled stimulacion ls the assumption
that toleranve acquired to this etimulus
will transfer to the motion environment of
the aircragt. fThis proposition has not
formally besn tested. Much of the experi-
mental work on ldqgeltton (reviaved in
Parier & Parker 1900, Btots 1950) tends
to indicate that the shert tarm adaptavion
that souurs over minutes or hours is
hithg specific to the initiating stimu-
lus, but that a somewhat more generalissd
adaptation is avident over a period of
daya. some degres of cotraspondence can be
discerned betwsenh the laboratory stimuli
and the airoraft metion environment. Low
!roquoncf vartizal aselilatioh is one
nausecgenic component of flying in turbu-
lence. Bimilarly, oross-soupled stimuli
ash result frem g pllot making head move-
ments when the airoraft is in a sustained
turn. This is pareiculariy se in the high
rutes of surn that can be achieved by
asrobatic light alrcraft or by gliders
flying in thermals, However, the oroms.
coupled stimulus in less savere lf she
surn is not suptained or if, as in high
apasd flight, the rate of turn ls low.

High performance aireratt manosuvres often
invelive hlgh G; and head movements in this
snvironment can also bu bosh disorientat-
ing and nauseogenio, It le unoclear wheth-
er tolerance acquired to a laboratory
erose=-aoupled stimulus transfers to the
high 0 snvirenment, Btill less llkely s
it that cross-coupled tolerance cah give
proteation againet the low freguenc

vertical onoillnhor* stimulus typloal o

flight in low level turbulence. Laboratory
rtudies on the transfer af adaptation
found no inoreass in cross-coupled toler-
Ance as & consequence ©f an increased
tolerance to low fraguency vertical osoil-
lation acquired by repesatead exposure to
this stimulus for 2h/duy over i3 days
(Potvin et al, 1977),

g::if:L_LntlulnnLne_lha_:A:n_nt_AdlasA:

The rate of adaptation varies widaely
batween individuale both in adaptation to
navel metlon snvironments and to laborato-
ry motion stimuli. Although a period ou
2 to 4 dayu in often quoted for adaptation
to the space motlon environrant, some
antronauts have sxperienced spacuy sickness
for longer parieds. In & review of space
motion sickness iln Auawlanr miselona one
cosmonaut suffaced space sickness thruugh-
out ‘he 18 cayc of the missien (Matshey et
al, 1983), The persistence of see mick-
nesw symptoms during a voyage in less
clearly svidence of siow adaptation since,
on avgount of the variability of the sea
state, periods of ocalm could lead to the
losr of previcusly gained sdaptation,

Graybiel and Lackner (1983) compared the
adaptive xatas of 14 Andividuals to three
different nauseogunic stimull and found
that gualitative vatimates of adaptive
rate for sach etimulis ware similar within
subjeots. A atudy of the adapive re-
sponis to repsated cross-coupled and to
low foeqQuency vertiocal oecillation stimull

in aircrev veferrad for treatment of
airsiockness falled to show a correlation
betwean the rates of adaptation to the two
stimull (Btott, 1990).

Although the adaptive rate may be an
individual characteristic it may be posei~
ble to influence the rate of adaptatlion in
the laboratory ﬁr the |pgreprtltq_a?oiel
of conditions, For example, it is likely
that Lf sach treatment sestion repeatedly
provokes vomiting this will ba dounter~
roductive to ths process of adaptasion,
everal experiments to study the effect of
differens stimulus pro!t#-l in adaption
were conducted in the Pensacola slow
Rotation Room (Grayblel et al, 1948,
1569), Subjects spent 'up to 16 days ocon~
tinuously in this retas tnﬁicnvlronmcnt.
The respenses of subjects who began rotas
tion at 10 rpm from the outset was dum-
ared with various inorsmental approsches
© the 2inal valeomity. Using & protocel
of nine increments aver a period of 16
days adaptation was achieved in Zour
subjecty without motion sickness symptoms
other than exvesslve drovwsiness, By
Jontrast four aubjecvs sxposed to the
abrupt o?:ol of 10 rpm experienced nausea,
two of whom vomited, one repeatedly, and
it was judged that none had fully adapted
by the end of & 12 day period, -

In thoss conditions in vwhich motion sick«
nesa is rrovokld by movemant !n an atypi-
cal envirounment, for exanmple, wearing
image inverting spectacles, {n mlorogravi-.
ty, or in the slow rotation room, active
movements by the subject are likoiy to he
nore effeative in gromouln adaptation
than wvhen the subject is passive and moved
by axternal moans. It le postulated that
veluntn:! movement geanerates groprieoptivn
and taotile sensory signale that feed back
to the brain (reafference) and are dom-
pared with wvhat is termed an efference
copy -~ an sxpected sensory pattern based

he initial efferent mator activity
(Von Holst 1984), Pallure of the reaffer.
ent signal to mateh the efference copy
leads to ill“lﬂt{ sennations and oorrec-
tive motor astivity and, if a consistent
nev sensory pattern persists,, to an adepe
tive zesponse.

Anti-motlon sicknese drugs have been used
in assoolation with ‘apetic.ve nauseogenic
stimull in cho expectation that they will
facllitate the adaptive provess, In o
ltudz o Lest this possibility (Wood et
1, 1986) it was found that hycsoins 0.8mg
vt&h amphetamine 10mg or hyoscihe 1.0 mg
alone produved a more rapid rate of ine.
oreass of Lolerance comparud with plecean
over the 3 days en which the deug was
taken, NHawover, whan tha subkicats were
tentad 1 day after |togpinq mejication,
tolerance had decresasesd tcvwards pre-trest-
rent levels and was significantly lens
than the level af tolerance acguired by
subjects on placeby., Thim abzupt fall in
tolerance was aseribed to a pharmacologi-
cal rebound effeut, but an oquult? vaiid
coholusion is that scopolamine hindexs the
process of adeptation. It may be of
relevance that hyoseine has besn shown ko
inhibit verbal learning process (Crow
1978), 'There ls some neurophysiologica
avidence ¢to suggest that sdaptation te
conflivting movlen stimuli inveivas what
could be considared as cersbellar learning
mechanisms,
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Autagsnia fasdbaci txaining.

Autogenie training, has been developsd as
an alternative to repetitive stimulus
adaptation to alleviate space sickness
(Cowings et al, 1977). he sseential
problem in attempting to- pre-adapt indi«
viduals to the motion snvironment of space
is the Llnabllity to produce & weightless
environment for adeguate lengths of time
to shable subjects to bulld up tolerance
to movement in gero G.

Autogenic feedbank training is desoribed
as a ocmbination of biofesdback and auto-
gnnie thcru:x. It is based on the proposi=
lon that the aoquisition of volunsary
control over certain of the auvtononmie
responises that characterise motion sick-
nesa would allow an individual to attenu-
ate at will the whole lrmptom complex and
tharaby increase his tolarance, urther=
more L% the training were aimed at control
of the sxpresssion of motion sickness
symptoms it might be possible to achieve a
tolerance to dlscordant motion that was
net confined to a speacific type of stimue
lus, The teahnique involves both visual
display and auditory feedback of several
autonomic responses that ogour during the
development of motion sickness, In the
studies carried out b{ Covings & Toecano
(reviewsd in Cowinge, 1990), the monitored
variables wvere: heart rate, respiration
rate, Rlcthylncqraphy of the finger and of
the skin adjacent to the mouth, ekin
conductance of the fingers and slactromyo-
iruphlo activity in intercostal musclas.
ubjeots were taught to control some of
thess responses both in the directlion of
reduaing the autonomic response to motion
:iaknoll and aleo in the opposite direc-
o .

In a series of expesriments it was shown
that tolarance to oross coupled stimula-
tion administered at weskly intervals
increased at a faster rate in subjects wi
received autogenlc feedback training than
in controls or in subjects given a cogni-
tive task %0 psrform., It was also shown
that thers was an increase in tolerance to
other naussogenic stimull namely, head
movaments during 0.33 Mz 20.36 G vertical
oscillation, and haad movements during
simultanesus chalr rotation and yaw axis
optokinetic stimulation.

An assessment of the technigue has hither-
to involved only one space mission. Two of
the four astronauts on the mission xe-
ceived sutogenic feedback trainiung. All
four astronauts suffered some symptoms of
SPACe aicknays but these wers least in the
individual who was considered to have
achieved greater autonomic control follow-
ing treatmant,

A similar technique has been used by the
us Alr Yorce in conjunvtion with oross-
voupled stimulation am a treatment for
alrsiovkness in airorew (Jones et al,
1938). ©Of 83 alrorew accepted for treat-
ment, 794 successfully rsturned to flying
and a further 6% wers partially sucoess-
ful.  This treatment also forms part of
the Canadian Alr Forge program for the
sreatment of alvsiekness (Cevenia, 1983),

Alkaroative trassoanta.

There has been recent intevest in the use
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of elasticated bands sold ss "Sea Bands"
or “Acubande”, that apply pressure to a
zoint above the wrist, known to adupunc-
urists as the PS or Nel-Kuan point, as a
prophylactic treatment for motion sigk-
ness, Two controlled trials have falled
to show any benefit of this treatment
(Bruce et al, 1900) vijtdehaage et al,
1991), MNeverthelsas, the plavebo effect
of any form of treatment, prescribed with
conviction, may be beneficial to soms
individuals,

While acupressure is not |Lanitiulnt1

better than placebo, self-administere

slectrical acustimulation hae bsen shown
to be of bensfit when compared with s
centrol group who raceived no treatment,
and with & placebo group in which the
device was not switohed on but who were
told that the !rnironc of the stimulus
made it imperceptible,. However, even this
experimental protocol doss not eliminate
the placsbo effect of having forcopnblo,
and g‘rhnpl distracting, confirmation in
the form of an slectrlie shock that the
therapeutic device is doing something.

#imilar considerations about the placebo
effeut apply to the conduative strips that
dangle from the rear of ocars te prevent
motion sickness in the ocoupants by dis-
charging to earth any accumulated static
charge on the vehicle. BEven {f static
slectricity were to play some part in the
development of car siokneas, the charge on
a hollow metal box is always on the exte-
rior surfece whilem the interior is always
at sero potential.
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Prof.dr, W.J. Qosterveld
Univenity Hospital, University of Amsterdam, The Netherlands,

Motlon siaknsss’ contitiues to be a problem sncountered In aviu.on, as well as in other means of travelling (1,2) .
Recent studies (3,4) have stressed the fact that the main .featment s still based on the use of motion sicknem
suppressunts, Although & varlety of drugs (s available, none of them provides a watertight solution.

Motlon slokness a8 an entity oxists as long as men makes use of artificiul means of transportation. As long as men
suffers from motion sickness methods of prevention and ways of treatment have been developed and are atill under
development,

Benides advices about food and fluid intake, the use of neckinces, & metal ring around the armu and piugs into the
external ear canal ut the site opposite the right- or left handedness, pharmacotherapy is as old ue the problem lwell.

An lnportant lssue in the search for drugs sgainst motion sickness s that not cnly a satisfactorily actlon end
prevention exlats, but slio that a compound s fres from any disturbing side effect, Side offects which include any
influence on the working capacity in any respect.

This regards especially crew members who have a responsible tavk, When it concerns pacsengers side effects are
much les Important.

So two different groups can be distinguished in the search for compounds active agairut motlon siekness.

For centurlos the search methods for new drugs wera restricted to experiments and experiences with drugs in so-
called fleld conditlons,

Laboratory instruments are able to provide a means of investigation In order to evaluete quelitatively and
quantitatively the effect of a drug on the vestibular system.

It i apsumed that un effect on the resistance sgainst motion sickness of subjects has a relation with the resistance
ugninst slckness provoked by stimulation on B ratation cheir or In @ rotation room. It should resemble the sensitivity
for motlon sickncss.

Howaver, the final assessment of & drug is alwiy: made in the particulur motion sickness condition itsell,

The amessment of entl-motion sickness drugs into the laboratory sounds much more atiractive, however there is
always the lack of reality, the lack of stress an well us to some extend the lack of sway movements and vertiosl
movements,

When o drug Is expected to exert u suppressing effect on motion sickness, the available |aboratory test methods
should not only provide objective measurements about the poteticy and the duration of action, but should abo allow
to eliminate adaptive mechanismms by the body, as well s paychic influsnces. In addition this research model can uss
a placebo-group, which i usually impossible in clinjca! studies of this nature,

Oild prevention methods concerned behavior activities such as eye fixation ut the horixon, and controlled reapiration,
Alto euting onjons in order to avold un ebdominal vacuum. Furthermore a whole bunch of advises with regard food
and liquid intake as well as the use of u apread of praducts.

‘The use of a drug was flrst mentioned in 1859 in "ths Lancet" whers in @ lettsr » combination of chloroform und
tinetura of belladonns was recommended, This was alio the first mention of a belladonna derivative,

A study published in "the Lancet" revealed that between 1829 and 1900 practically everything that could be carried,
worn of swallowed was prescribad at one time or anotier. These prescriptions wer 4.0, opium, ccoaine, sirychnino,
creosole, quinine, nitrons exide, amy! nitrite, hydrocyamic acid, nitroglycering, warm salt water, strong tea or coffee us
well as & variety of wloonolie beverapes (3).

The sea-land operstions in the Second World War (nitlated the development of moders drugs bscsuse of the military
nm‘“’yu

It becume appurent that in the design of motion sicknes drug trials careful control wis of uitermost lmportance
besause of the many influential variables involved.

In experiments several methods wers wsed, all ptoviding & particulsr combination of movements, Many differant
devices were conatructed unpoxing & controlicd motion upon thelr occupants.
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Method duration (h) investigator

<mall ships 1-4 Hill 1945 (6), Gluser 1951 (7)

awrcraft 1-7 Chinn 1933 (8), Strickland 1949 (9)

lif2 rafts | Glaser 1952 (10)

swings n Smith 1946 (11)

vertieal accelerator 1/3 Johnson 1964 (§2)

slow otation room 12 Graybiel 1960 (13), Wood 1968 (14), Wood 1970 (15)
troopships Atlantic 48 Gay 1949 (16)

mine sweepers 48 Arner 1958 (17)

However, there were many doubts as to the relevance and validity of the devices in the evaluation of snti-motion
sickness drugs. The suspicians were partly confirmed as It appeared that drugs with 1 proven value against seasickness
were relatively ineffective when tested by the motion of swings, accelerations or life rafts,

Furthermore we effect of a drug was usually assessed by means of its effect on symptoms as vomiting, vweating and
gonera! feslings of well-being, Real objective measurements ware not available,

In considering the efficacy of a drug the size of the given dose Is for many reasons an important factor. Usually a
drug has u runge of doses over which n gradually increating efect will be observed until a maximum is achieved.
Very important is also the time interval betveen intake and maximum effect. Meclozine, a long-scting drug, active
when given in a once dally dose in experimental conditions ac sen for 48 hours sppeired no more effective than
placebo when given in the same .dose, but only 2 hours before exposure to 50 minutes in n lifs raft. So many
exnmples van be given with tegard the moment of intake, the moment of maximum action and the duration of the
effect.

In this respect the following dlagram (5) gives a
good example of the effective blood lsvel to time o

of experimental observation. The moment the test (a} Aomdly sovwtes drug
procedure ln applied gives false Information In case /"“\ Gy thpomnnt aeer gond
b (g 1) : Ny
It means that for every drug to be investigated at a A N
number of intervals after the administrution a test \
has to be conducted, 5 Ve L
- S RSN O U NSRRI SOOI
In th* publication of Wood (18) the anti-motion g
gick: s drugs st that time were divided (nto four 8 R )
groups: anticholinergics, antihistamines, trunquilicers 2 T "
and miscellanecus, z @Mpmnc et pose!
1t is nowadays cloar that such a claification does ]

1Ot seIve any purposs,

The Pensacola investigaiors, headed by Ashton
Oraybisl, made a review of the avallable drugs (n
the sixties and with the use of the slow romtion
room made studies about the offectiveness,

S L FSCI Wy SV WUV 17 TR S |
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tone atier goe Dt
Several laboratory techniques were used in rather
recent times.
The cupulometry was first described by Van Fig. 1. Diagram relating effective blood level to time of
Bgmond (19) and later used for many years sy a experimental observation.
screening test for the sensitivity of the vestibular
system. With this test an individual is subjected to an mccelernlion oh a rotation chair till a constant velocity is
reached. Then, folluwing a sudden stop both the length of the provoked rotations! sensation a3 well as the
postroiational nysiagmus is measured. The change in these parameters is usswmed to give innight into the effect of a
drug on the vestibular system, and so on the sensitivity for motion sickness,
Cupuloietry is not very popular anymore in motion sickness studies, especially since Dobie (20) wuk not able to
confirm the asumption that motion sickniess suscentibility could be determined in an extenaive study in 1000 humsn
subjects,

With the dint test (21) & stimulus was adminlstered for the controlled production of motion sckuss. The test requires
the subject 10 make prescribed settings on u series of five dlals situsted at fixed positions around his chair, The
arrangement of the dials ix In such a way, that substantial head an body movements have to be rade in order to
make the setting. The head movements ars assumed to stimulate the naussogenic coriolis vestibular reaction,
Well-being ratiigs were maw at the completion of each sequence of five settings. The ratings were based on an 11
point coale: O = | feel fine, 10 = | foel awful, just like I am about to vomit,

Obyective signs and subjective symptoms reports together have to be collested independently.

The method can be applied before as well as following the administration of an anti-motion sickness drug.

It %as o great deal to commend it us technique for evaluating diug efficacy because it allows & quantitative
asssssinent of the amount of stimulation required to reach a well-defined pre-vomiting end point,

[
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Several drug studies have been published by Wood and Graybiel (22), Wood (23}
Fig. 2 gives an impresion of the results. According to these studies the combination scopolamine emphutamine
praved to be most effective,
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Fig. 2. Btffectiveness of antimotion sickness drugs in preventing motion sickness in 50 subjects exposed on 500
pecasions in a rotating environment using the Dial Test. F'rom Wood and Graybiel (1968),

It must be emphasized that because of the chosen moments of measurements these results did not fit very well with
the experiences in real motlon sickness conditions,

According to Parrott (24) transdermal scopolamine is the most effactive single drug for the prevention and treatment
of mation sickness, Chelen (25) reported that phenytoin increased the tolerance to motion sickness considerably.

As an exsmple of a drug study | present you the data of a trial conducted in our own laboratory.

The effect of the two drugs, of their combination, and of a placebo on angular acceleration-inducsd nystagmus and
ot linear acceleration-induced eye movements was examined in normal healthy huroan subjects. A compound such as
Cinnarizgine, which specifically suppreses the activity of the vestibulur organ, has proven to considerably counteract
torslon-inducad nystagmus (26), It seems that under the effact of this compound, the Inbyrinth becomes lesa sensitive
to stimull, with the effect that reactive nystagraus starts at a later point of the sinus-shaped stlmulus and that it stops
sooner.

The linear acceloration and deceleration test, specifically ot the paraliel swing, makes it possible to obwerve & drug-
induced reduction of the deflection of the nystagmus movement (27,28),

Domperidone, too, has an effect on the duration of nystagmus, but apparently via anather mechanism of action
(27,28). In addition, tho pharmacokinetic profile of Domperidone, u compound with rapld absorption and relatively
rapid excretion, {s clearly different from that of Cinnarizine, which is slower in resching its peak effect, and which i
excrated more slowly, For this reason, It was decided to combine the two compounds and compare their combined
action with that of the separate compounda.

Matnrial and cthods

Test subjects and schedule: The study was carried out in 23 healthy subjects, Bach subject participated four times mt
weekly intervals, The teats wete performed in the morning after the subject had a light meal,

The torsion-swing test: The torsfondwing provokes sn angulsr scoeleration which atimulates both horixontal
semicireular canuls, On the uther hand the parailel swing provokes a linear acceleration which stimulates the otoliths,
The torslon swing produces rotating accelerations in alternuting directions. In the tests, 8 20-s ascillating period was
used. The swing was rotated 90° in the horluotital plane and subsequently releassd. This produced a rotating
movement of the swing in alternating directions. The slow rotution time of 20 s had a rel sffect on the test
subjecta, wiile the stimulation, which was supraliminal, only induced a slight sensation of oscllintion. The stimulstion
brought sbout & clear nystagmus, which was possible to tecord elestronys phically,

The head of the test subject was Bxated by mestu of d headrest with two The subjects were blindfolded while
the gum v:.u kept closed. Regular electronystagmo-graphical electrodes wers placed on both sides of the head at the
tem| nes

Only eye movements in the horizontal plane were recorded, At the beginning of s sequence a subject was subjscted
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ta the torsion swing test and cxposed to five complete oscillations, after which the test madiation wis administated
In tablet form, At fixed points in time, after the administration of the medication, the torsion swing test was rapaated.
Each time subjetis were exposed to five complete oscillutions. For the calculation of the aifect of the compound on
the duration of the nystagmus, the time between the first and last nystagmus movement in a given direction was
measured. For each aubject, measurements wers always based on the same direction of nystagmus,

tests For the second part of the investigation, a paraliel swing was used, This consisted of & load-
bearing surface suspended from the ceiling with 4 ropes. The maximum deflection of the swing was 128 cm, maximum
acceleration 348 cma, and  muximum spaed 208 cma?, The time required for a complete oscillation was 37 5. With
the parallel swing, & sinusoidally altdrnation linear acosleration was produced, which gave rise to vaatibular eye

maovements. As linear acoeleration {s & spacific stimulus for the otoliths, the paralle] swing teit iy be fugarded as & .

test for the otoliths, When u subject is swung sidewards, a sinusoidal eys movement is elicited that Is in phase with
the swing movemants, Thess movements are ckused by stimulation of the otoliths and of the uttiouli, :

The subject was positioned on the swing with his head fixed in position on a headrest betwesn two clmpi. The eyes.
which wers clossd, were covarsd with & pisce of cloth, The swing was then pulled away Interully over a distancs of
125 om and relesed, reaulting (n the mubject's body making. lateral switiging movemnents. The campensytory eye
movements wore regitered as describad sbove, For sach test the subject wan swung to and fro 10 wmes, After
subjects had been submitted to the tast 3 times at 1S-tnin intetvals, the drug under study was administersd, uftar
which the test was repsated at fixad points in time, ) o .

Before ench test, the ammm was calfdrated by having the test subject with txed hend, look in alternating fashlon
&t two fixed points on the colling; an eys movement of 20* was made to corrsapond to a 20 mm deflection on the
agistration paper.

The swing-inducsd registered wys movement was a sinus movsment. For purposss of calculating the effect of the
compound adminitered, the mudmum eye movedient deflections wore aversged for each subject, Bach subject
completed the test four times, afier racelving u different drug sach time, Thus, it was possible to compars changes In
tha ragistered sys movements, - : S o )

Medicetion: In both puris of the study, randomization was used for the ugnnw of the four weatments in each
subject (plasebo .(EI). Cinnarixine (C), Dompetidons (D) and Tourinil (C+D)), as well as for the order of
sdministration to all subjects pei siady sessivu, Cary wis also taken that euch drug be given with squal frequency in
the 4 phases. Tha investigation was carried out in douole-blind fashion, 1.e, neither the subject nor the investigator
wis aware of the composition of the tablets, which were all the sams calour, shaps, and sixs,

Roaults

Intensity of the vestibular inhibiion: During both rotution and linear movement, Tourlstll (C+D) caused a
significantly greater reduction (p<0.05) of the duration and amplitude of nystagmus and sys daviation only 15 min
afier the intake, As early as 30 min atter intake, Touristll (C+D) perfornied signiticantly better (p<0.01) than the
other medications. The shortening of the duration of nystagmus obtained with (C+D) was excaptional in the rotation
;un( lll;'l‘;:llg 6;')1 (+ 4%) v, & maximum shortening of 28% (+ 6%) for (D), 37% (= 6%) for (C), and 3% ( %)
or (pl) (Fig, 3). .
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he avernge madmum redncuon of amplitude in the parallsl wlng' test wag 2 (& 5), 18 (= 4), 26 (= 4) and 30 (=
) for (p), (D), () and (C:+D), respactively (Fig. 4). In increasing order of potensy, the following saries was
obtained: placebo, Domperidond, Cinnarigine und Touristil. Each of these "steps” was statistically significant (p<0.08),

- Thée inedian raaximum {nhibition (Fig. 9) was 4%, 30%, 39%, 62%, for (pl), (D), (C), and (C+D), respactively, in the

rotation test, The mediun amplitude reduction was 6%, 1796, 2566, und 349 in the linear tast. As previously, the
diffsrences wers statistieally significant (p<0.0001).
Tine of masimum vestibular inhibition:

Maximum  vestibular  inhibition was - e L
F ) .‘em:h (.Dr)'m;';‘“;.'(.*ozzl:mg*w‘g . " -“:‘; | et (b} Gmmriting (8} i (1)
(C) and 212 h with Touristil (C+D) in no|e Sham ) [
the rotation test (Fig. 6). This maximum rus "
inhibition oocurted ut & significantly el i 1o Ll
sarlior point In time with (D) than with ) " o am
C+D) and (C) (p<0.0001), while the N
t.rl'lm‘r‘(.:l].(c';; D)mwnﬂmw 1w i o o
na  The um
offect in the pansllel rwing test ocowrred  |' Powm <o
at the end of 253 b (= 38 min) for e P
(C4D), 204 h (& 38 min) for the .
placebo, und 1,24 h ( 42 min) for (C) ok
and (D), "
The graphs (fig. 8 and ) of the courss il

m;"v:dbwlnhlﬂuon di::m - th: tth Py 3 tin lon awing) and !

on & clear picture of the ‘Fig. & Shorte of nystagmus (torsion and reduction of
effect of sach medication. The placabo lmplltudu'(pmlhl wwing) £t time of maximum sctivity.
offect hardly devistes from the 100%

line, Clunarigine, with its well known inhibitory effest on the vestibular spparatus, i slowsr 1 reaching its peak than
Domiperidons, Tourhtll (C+D), liks Cinnurizine, inducea a very strong reduction of the duration of nystagmus at the
ond of approximately 2 b, howsver its peak effest is considerably stronger, These curves, which wers derived from the
two partiel investigations (rotations snd linsar), showed an identical putiern, As already itated, the rotation test
eviderniced a ltro:rr quantiative effeut.

The 10% Hmit' of vestibuler fnhibition: A shortening of the nystagmus by mt least 10% in practios is assumed to
correspond to an activity in the prevention of motion sickness (29), This level was reached with Tourlstil (C+D) in 16
test aubjects within 18 min and In the total study group (n=25) within 30 min. With (D) the fgures were O and 21

subjects, respectively; and with (C) 0 and 10 subjests (flg, 7). The [eeemm——

mﬁn time (8.D) to the ocsurrence of 10% inhibition was 20 min | |ime) g

with Tourlstll (C-+D), whils the sme values for (D) and (C) were, . — —
respactively, 35 min and 1 b (8g 10). Thess differances were also - T
statistically significant (p<0.01), ) -

Although meussutements were only taken up to 4 h after intake of | wwis e L i ™

the test medication, the duration of astion of Toutlstll (C+D) s & WA

medication aguinst tmotion sickness in the present investigution was aln s o
longer than that of (C) and (D) (Fig. 11), Again, the differences | "t bus, .

were significant (p<0.001), Contrary to the tomsion swing, the e o

evaluation criteriulm wdopted for the same anthmotion eickness |eeefeommm

activity in the parsllel swing test described in this paper was s less 1y )

than-10% reduction of the wmplitude of nystagmus. A comparison e

of the datn obtained using the two swings shows that the value in
the paralle] swing test must be around a 5% umplitude reduction. Fig, ¢, Time to maximum inhibition with

The times recorded for reaching this minimum of 3% mﬁh\m rotation and linesr swings. Wilcoxon

reduction show a rapld sffect, similar to that obsarved In the 2-talled.

torsion awing, A» before, the differences with (C) and §D) were

highly significant (p<0,0001) and in flavour of Tourbt! (C+D), In fact, this point was reached ut the end of an
average of 28 min with Tourlatil,

Supsriority of Tourstil to Clonarigine: Fig. 12 and 13 show that the test difference in etficacy between
Citinarixine (C), the mors potent of the two compounds, and Tourbstll (C+D) was sesd In subjects who responted
poorly to (C) on its own, The Pearson cotrelution factors were 0.84 for the torsfon swing and 081 for the parallel
swing, and both were highly eignificamt (p<0.0001),

Side sffscts: No side effects were observed or reportad during the study
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Fig 11, Vestibular inhibition during stimulation on Fig, 12, Correlation batween the additional effect of tourisiil
the torsion swing, The medians and the and the sffect of cinnurizine separately (rotation
extremes of the duration of the nystagtnus are tests)
indioated for all four components ssparately,

Discusion
The alm of the study was ta sxamine the Inhibitory effect of Touristil, & comblhltlon of Clnnarisine 40 mg and

‘Domparidone 30 mg, on the labyrinth, Hach of thess two compounds sxerts & vestibular inhibition sepacutely, albeit

through differsnt mechanisms (1-3), The uctivity of Clnnarizine (C) Iv rather slow at the onset, and reaches 2
maximum after 2.3 hours, while the peak effect of Domperidone (D) comes about mors rapldly (slightly more dan 1
h) It umeged from the present investigation that the two separate compounds (C) and (D), ance In combination in
Tourlmtil (C+D), had a synergintic effcot on the vestibular system In the form of an inhibition. The muximum
reduction of about 60% obtained in this ttudy Is sltogether exceptionai in this type of investigation and clearly
undeslines the potency of the new combination, In sddition, the rapid onset of action of Tousitll I & further
advantage of thﬂonow medicine against motion sickness (fig. 10). This prompt sction, moreover, has long duration,
which would be especinlly usstul (n cases of a long-lasting endogettous or exogenaus excitation of the labyrinth,

Finally, it should be emphasized that
both Tourlstl components are ssfe
compounds, In addiction, this study
shows that Touristil is most effactive (n
thous subjects who ure not affected by
(C), the most potent of the two, when
given exclusively (fig. 12 und 13), This
can be expliined by the different
pharmacological properties of the two
components: Cinnurizine s a Ca**.entry
blogker and [t known to be, wmongst
other things, a direst vestibular inhibitor.
It is not known with certainty in what

Ronien uHl. 00
P (1« lailedis 0000
)

e seplnate whwemmr "ol 2 g
-
£

way Domperidons, & peripheral . ’
dopamine  antagonist, affects the & @ h e "R )
labyrinth, As there s an obvious Slaimns Smpsiuse (ol

relationship between the inhibltory aetion

of a drug on the labyrinth and its value Fig. 13, Correlation between the additionsl effect of touristil and the

as a medication against motion sickness,  effect of cinnarizine separately (parallel swing test),

it may be concluded that Touristil i a

very potent preparation sgainst motion sickness. In addition, Touristll appronches the profile of the ideal drug against
motion slckness morn closely than any other medication. In this connection the rapid, potent, and long-lusting effects
of Touristil are of purtisulur relevance.

Representation of the data of this study are meant to show you that labotatory models are useful 1o some extend.
However, the final proof must always be given in the conditions where a drug is expucted to work,
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MANAGBMENT OF ACUTE AND CHRONIC MOTION SICKNESS

J.R.R. Btott

RAF Institute of Aviation Medicine
rc:nboreuih, Mampahirse
Quis 6as

United Kingdom

Ansredugtdan.

7o the general physioian the problem of
motion sicknees typlcally presents as a
request for advice on how to aveld metion
slckness when travalling, or during lel-
sure aptivities sueh as gliding oz sall-
ing, More urgently, & doctor aboard shi

in rough weather may be confronted wit

the need to trest individuals prostrated
b! repsated vomiting as a result of sea-
slckness. The milien:{ dootor mey have to
deal with the operational problem of
alraickness in trainee aircrevw, seasick-
ness in sailors, or motion sicknass amon

troops transferred by alr, in enclose

army personnel carriers, landing craft or
canks. Pinally, beoause motion siokness
may have financlal implimations by ocon-
tributlnn to the fallure rate in a costly
t:-tninl progranme, medical advice may be
sought in order to minimise the sccnomic
problem of wastage in tralning.

Diagnosln.

Motion-induced nausea and vomiting is
seldom a dlagnostic problem. ‘thoss who
tond to be susceptible often know from
experlence the ciroumstances shat induyge
symptons. Nost of the avallable prophy-
lactio medication is available without a
dogtor's prescription and often sufferers
will have found a suicable remedy. Indl-
viduals may present to their dogtor be-
cause drugs have failed to prevent symp-
toms, because of unscceptable side el-
feots, or because the use of drugs would
be contra-indivated, for example, when
piloting an alrorafs,

The doctor should be aware of other diag-
nostic possibllities, particularly when
from the hiltor%hvt voilld seem that the
éﬁtnnlitx gt pro "goﬂ&vl soinulue ie low

an vomiting persists atter oessation of
the stimnlus, gon gtup%%iqet& nzdtelhion
has made no gifference 4o the incidence of
symptams, or vhen there Lis not 4 similar
degres of susceptibility t> provocative
motion in sther snvironments,

vomiting is a pressnting -Imghom in & wide
variety of diseases involving diffevent
systems, Common causss. inciude gasstosh-
taritin, migraine, excess alecohol consumps
tion, peptic uloszdtion, drug treatment
side effects, and, in young children,
agute 1ntoationl. 1t is likely that &
tendency towards vomiting as & consequence
of an underlying disease could be exacer-
bated by a nauseogenic motlon environment.

The suggestion, often by thoss who have
not themselves experienced motien elak«
ness, that anxisty is the principal factor
in the nausea and vomiting of metion
siokness is liot well founded (Mirabile
1900). Nonethslems, anxiety can of iteel?f
give rise to symptems of anoraxia, stomach
awarenass and vomiting, Phoblc states gan
therefors ocoaslonally be confussd with
motion sickness, Anxiety may however,
woreen ah already existing susceptibility
to mation sioknesa, It his basn observed
in airsiokness wsusaeptible alrorew that
syuptoma can te exsverbated by incressad
worg load preassuress within the sortie and
also by an excessive Anxiohx to succesd in
eraining (Bagshaw & Stott 19e8).

Rraphylactie treatmant of makian alckness,

:2 many clroumstances in which motion
sickness is : fxoblcm it is important to
dnetruct individuale in methods to avold
of minimise the stimulus, WNuch measures
mII make the difference betwesn sucosss or
fallure in the sffectivensss of prophylac-
tle druge or may eliminate the need for
drug treatment, When exposure to the
stimulus ls iikely to be frequant, an
assensnent of the likeiinood of useful
adaptatian ma& !Lvo she suffsrer some
grounds for optimism.

In & reviev of drugs used in motlon sick-
naps (drand & Yervy 1986), the authors
point oué anomaiies betwesn the results of
sxperimental triels whieh ‘uun .prebnbxy b
sraced to variatlions in the interva
twaan medication and exposurs to motlion,
n the duration and & of motion and in
such factors as the mode of administratien
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Table 2, Anti-moticn Sickosss Drugs

Drug Route
Hyoscine oral
paten
injeotion
cinnarigine oral
Pronethatine
~theaolate oral

=hydrochloride oral

injeation

Dimsnhydrinate oral
Qyolimine oral

and dosuage level of the drug. The dealgn
of mout field trials hav signally failsd
to take account of avallable lnformation
about such variables*, 1f this 1is true
for expsrimentors, how much more so ls it
for mers practitoners or their assll-medi-
cating patlents. :

Many of the drugs that are used to treat
nauea and vomiting from other causes are
ineztectiva in motlon siokness. Thus
metoclopramide, widely used for vomiting
due to qnltrulntult&ncl disorders, mi~
grnino, anaesthetic agents and oytotoxle
rugs is almost certa nlx ineffective in

vomiting (Kohl
1987), lltheu%h an sarlier study (Von
Baumgarsen 1980) had indicated some bene-
2it, Likewlse prochlorperasine; also used
in the trestment of nauwea and vemiting,
has besn shown to have negligible benefit
in motiovn eleknasy (Wood & Graybiel 1969).
A recertly introduced drug, odanaetron, is
& 5HTy receptor antagonist which ie highly
effective in the treatiment of naussa and
vamlting induged by rediation and chemow
therapy, but has no elfect on laboratory-
isgwwcd maotion sicknems (Btott et al

The succossful use o proghgllutin drugl
reliss upon a knowledge of thelr time to
psak therspeutic activity, theitr side
effects, and duration of actlion, 1t ls
also usaful to know something of the
variability of response between lidividue
als to a standard dose,

The protection aiforded b{ drugs in motion
dicknens i far from complete, A survey of
cver 20,000 passengers aboard farries
(Lawther & Griffin 1598) found that 6%
had ceken madication., Of thess, 11,44
vomited during the voyage compared with
onl{ B.6% of thosw vho took no medication,
0f the established druge, hyoseins (scopos
lamine UBP) has been in use for ths long-
wst time and is the most roorarahod drug,
Several of the anti-histamine group of
drugs alse show anti-motion sickness
eoifaats, 'These include dimenhydrinate and
its active mnintx diphenhydramine, oyeli-
sine, einnarislne, and promotﬁcninn.
Recent reports. indicate that fhonyﬁein in
& dosage vhat glven anti-eplleptic druy
levels and sleg terfenadine in high dosage
have beneticlal properties in motion

Adult Oonset pPuration
Dose {hr)
300=800ug 30 min 4
200ug+d0uy/hr  6=8 hr 73
20049 18 min 4
18=30ng 4 hr (]
abng 2 hy 24
abmg 3 hy by |}
80mg 18 nin 18
go-100mg 2 hy [ ]
song i2hr 1a

sickness prophylaxis. Table 1 liste the
currently used drugs, their dess, and time
couree of action,

Despite its longevity, hyoscins probably
cenalne the most potent single anti-metion
slokness drug, It is rapldly absorbed
following oral administration and reaches
a peak conoentration in the blood after §
to 1 hy Ite relatively short half lite of
about 2.8 h implies that {ts duration of
aotion is no longer than about 4 h, It ls
therefore most suitable far short expa=
aures to relatively intenss provcoative
motlon stimull, #ide elfecty fcsom hycs-
cine are f£raquent, in partiocular lighe
headedness, drowsiness and dry mouth., The
drug ls not recommended for children in
whon the therapeutic margin is probabl

narrower and whn are therefore more a

risk of serious toxio central effeots of
restlassness, hallucinations and pesycho-
sis, Por similar reasons hyoscine i hot
well tolerated in the elderly, Additione
ally it should not he used in patients
wit glnueomn and only used with cautien
in patlients with urinary retention from
bladder neck obstruotion. Hyocsocine haw
also been shown to impeir vigilance and
short-term memory (Brasell et al, 1989),
posslibly & desirable faature in motion
slck travellers but not in the tralning
snvironment.

Oral hyoscine is a less satinfactory drug
for longezr exposures on acvount of tha
need to repsat the doss every four hours,
This shortcoming has been addressed by the
development of a dermal pateh (Psopaderm
T8, Transderm-Boop) which delivers a
lochnq dose of 200 #f hyoseine and 29 ug
gor hour for up to haure when applie

0 the' post-auricular skin, An eZfective
drug eoncentration is not reachsd until 6-
0 hours after |gplicltion of the patoh,
though this delay ocan be overcome by
simultansous adminiucration of a eingle
oxal dose (folding et al, 1lliz{ Drig
sxoretion gontinues #or vp teo 48 hours
after removal of the patoh probably indi-
cating that the skin benvath the patoh
gontinues to provide & reamsrvoir of active
drug {(Sehmitt & Shaw 1981) . The principal
use of this presentation of hyosoids mit
tharefors be:in exposures tc & motion
stimulue lulhihg roke than 24 houts, e
for example on longer sea voyages.
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The efficacy of the hyoscine patch has
besn studied on a number of trials at sea
of var!an duration. On 12 hour voyngol in
coastal patrol veswsels (Noy at al, 1904),
the index of protection, defined as the
difference in incldence of seasickness
batween drug and placebo groups a8 a
perosntage of the iteidence with placebo,
wae 624, and excesded that for proghyllu-
tic dimenhydrinate. In a sea trial lastin
$ days (Attias et al, 1987), an index o
;rotcation for ths firet two day» of 74%
ell ¢o an insigniticant level on the
third day. Although similar sea states
were encountered on the three days, the
incldence of seasickness in the placebo
group was much reduced by the third day
proesumably a8 a oconsequence of nnturli
adaptation, In a sea trial lasting seven
days {Van Marion et al. 19051 the hyoscine
atch was tested against placebo during
he firat 3 days of the veyage. A signifi.
cant benefit was evident during the first
2 days of the trir but not on the third
day. In addition, following removal of the
patch, those in the aotive drug group
axperienced a significantly higher inei-
dence of nausea and vemiting than in the
placebo group, It was concluded that the
transdermal hyoscine while initially
g:oeceeivc against seanlickness, had de-
ayed spontaneous adaptation., In the
longest duration study (MHow et al, 1988)
the pateh was worn for the entire 18 days
speant at sea. Therapesutic benefit was
confined te the first fevw days of the
voyage, and was greatest ameng inexperi-
enced wallors and in more sevars assa
states. BSide effects were few., There were
thres reporta of diitloultg in socommoda-
tion in the drug group, and i3 reports of
skin irritatlon at the site of the pateh,
simllay numbers oocourring in both drug and
placsbo groups.

The rats of drug absorption is nuggolod to
bs limited by & membrane within the pateh
rather than by the underlylng skin.
Howevar, studies of excretion rates have
found between four and six-fold variations
in urlnui( excretion, and other studies
have found variabllity in response between
l“bf.ﬂti (Pyykko ot al. 1905), Ap with
oral hyoscine tiis side effects of drowsi-
ness, dry moveli may ocmur, In addition

with the petch there may be impalirment ef
visual accommoaation, Thie affects partie-
ulnrlg h%rormotropo- {Herxheimer 1988),
and the riuk incrrsses with the length of
time for whieh the patch is applied
(Parrott 1906), Even move than with oral
hyosoine, the dermal patoh is unsuitable
for ise Iin children, Rallucinations and
sxtrame agitation wers noted in 8 out of
44 nhildren administarsd sither a whole or
half scopolamine patch (Gibbons et al
1904), and in a case report of a 8 year
o0ld 20 kg child who developed a toxic
plgeholil & plasma level at 24 hours
after patn lpg&iaction was some 7 tlmes
rentexr than the sguivalent adult level
Bunnhauser & Sohwars 1908),

Clnnarinine an ansihistamine which also
hén caleium antagonist properties has in
resent yYears been widsly used in the
floxhyluatu of ssasickness (Hergreaves
980). Adequate drug levels can be maine
tained with an 8 hourdy Ienugn cheme and
the drug is said to be relatively fres of

the wside :!!oue of drowsinsss. However,
after a ain

gle dose, drowsiness tends to

112

ooour after about 3 hours rather than at 2
hours when peak plasma level is reached.
Likewise, some {ndices 0f performance
impalrment have shown ochanges only at 8«7
hours after drug administratich (Parrott
1986)., Two studies of the !rophyllctic
banefit of cinnarisine usling similar
protocols, found that a dose of 30mg
cinnarizine showed no benefit at 2 hours

(Pingree 1909), but after 8 hours was as

sffective as hyoscine 0,8mg taken 2 hours
grovieully (Pihgres & rothyhridfo 1989),

n the basis of these cbservations ocin=-
narinine in a doews of 30mg should be taken
at least 4 hours belors exposure to pro-
vooutive motion and 18 or 30mg taken every
8 hours as required thereafter,

Promethanine is available in tve forms
sither as promethasine hydrochiecride or
promethazine theoclate. 7The 24 hour
duration of action of the latter may be of
advantage in some circumstances, and would
allow for a single daily dOIISO rru!orlbl
at night so that the peak sedative effec
ocours during eleep, Promethasine holonso
to the phenothiasine group of drugs, and,
in addition to M; receptor antagoniasm,
this group pollafhol conalderable angi-
oholinergio cottvitg, #o that marked
l:gltéon and dry mouth aras frequent side
sffsats,

Dimenhydrinate was the first of the anti-
histanine ireup of druges to be shown to
have an effect in motion sickness, In a
dose of 50mg it Le marginally less effec¢-
tive than 0,3mg hyosolne (Wood & Grablel
1968), but has & longer duration of ac-
tion. Its sedative side effects may limit
ite usefulnens.

Cyclisine Ls said to be less sedating than
promethasine or dimenhydrinate, though in
& dose of BOmg it was found to be somewhat
loss effecotive than the same doss of
diphenhydramine (Wood & orngbiul 1960&.
Qyclisine is no longer available in the UX
without prescription on acoount of its
potential for abuse. In excess dose the
drug can give rise to hallucinations.

The central sympathomimetic drug dexampha-
tamine has besn shown to have an anti-
motion eickness effect vhen used alons and
to act synerglstically when combined with
hyoscine sromnthlllnc, or dimenhydrinats
{Wood 1‘9 )+ It also antagonises the
soporific and performance dooromonttni
sflects of hyssoine, The cembination o
hyosoine 0, nia.n‘ doxumphztnninc m
(Boop/dest) is the primary mediaation use
by astronauts to combat space sickness
and is probably the most sffeotive drug
combination available, However, because
of ite habltuating properties and its
potential for abuse, dexamphetamine is &
contrelled drug, In oconseguence, ite
genexal use in motion sickneys prophylaxis
oannot be justified. A aimilar alersing
offect without the assoulated risks can be
obtal ied with aphedrine tl-louq. When
used in combination with either

or rromoehnl ne, laboratory studies have
indicated an au!nzntoé prophylactio effevs
over either hyosaine or p thasine slene
(Wood & Grayblel lllll she: h ne clear
benefls of hyosein v‘h!na ‘ :{‘nn over

h;alcinu sione was foun ab sed
(Tokols et al 1984). As with hyodeine,

')
.phodr:no may precipitate adute urinary
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retention if there is bladder outflow

obstruction, an affact in which synergism

::n be expscted with an anti-cholinergic
ug.

Recently introduced antihistamine drugs
olaim benefit aver earlier druge in having
less sedating properties. This is
asoribed to an inability of the drig to
croes the blood~brain barrier. As a
general prinoiple drugs that lack any
activity within the esntral nervous system
ara likely to be lneffective.in metion
aicknass.  In support of thie prineiple
the Hy antagenisat astenimole is without
beneflt in rotion sickness (Kohl et al.
1987). HNowever, terfenadine, also sald to
have ne connrni

tion, has been shown to possess ansi-
motion propertlies !ollow&n? a single dose
of 200mg (Kohl et al, 1991). (This dose
exceede the manufagtursrs recommanded
maximum of 120mg). Whether at this dose
some drug doas oross the blood-brain
barrier, or whether the prinociple muet be
revised, i{s not yet clear. Howaver, drow-
siness is an occcasional side effect of
terfenadine.

A recant atudy on ths prophylactic use of
ghonyualn (Chellen at 8l. 1000L gfound a
enfold increase in tolerance to cross-
aouglod stinmulation when taken in a dosage
(1=1.4 grams over 24 hours) that produces
anti-gplleptic blood levels. This repre=
sants an inorease in emfficacy by a faator
of four over any other single drug in
current use. ‘Though no side effects were
reported in the seven subjects involved in
this study, possible side effects include
and vomiting, mental cenfusion,
.ness, headachs and muscle tremor. It
may be l!qniﬂtcnne that in excess dose
this drug produces signs and symptoms
referable to the vestibular system and
cersbellum, in particulsr, ataxia, dysare
thria and nystagmus. Cerebellar atrophy
may follow larger overdosage., It may
therefore be that in the therapsutic dose
range the cerebellum ls preferentiall

sensitive to the neurcpharmacologics

sffects of phenytoin. At the present time,
however, its use in motlon sickness pro-
phylaxis remains experimental.

Root ginger has long been used in oriental
traditional medicine as & remedy for
nauses and vomiting. One laboratory stud
(Mowzey & Clayson 1083) has found powders
glnqcr root to be of prophylactic benetit
n motion siokness. ™o further laborator
studies (Btott et al, 1984, Wood 1900
that used an end point of moderate nausea
falled to show lnz inarease in tolerance
o aross~coupled stimull, Howevar, further
evidence of a benefliclal effect comes fram
4 controlled srial at sea (Gigntved et al.
1908) in whioh 90 naval cadets were given
elther ig powdered ginger root or placebo,
and were asked to score the symptons of
ElUIOI. vertigo, vomiting, and cold sweat-
ng, svery hour for the next four houvs.
The number of individuals who reported no
motloh sickness aymptoms wvas sgqually
divided between the two groups. Among the
614 of subjecks w&th,lyiyuumn of seasiok-
neas thers was no significant difderence
betwesn ginger and plasebe for the symp-
toks of nausea or vertige. uowovoi, the
fxequency of voulting end the severisy of
cold sveating were liinizteantly rediced
in the ginger group. 0f the seven subjects

nervous system penetra- -

who vomited in the placebo %roup fiva
vomited two or more times, whersas the
five subjacts who vomited after taking
ginger did so only once. When vomiting
powdered gingsr, perhaps onacs is quite
snough! These £indings are consiatent with
the view that ginger may act looally to
ameliorats the gastro=intestinal conse-
uences of metion sickneas without alters
ng the underlying suscepsibilicy.

Riasary factors.

Reviews of the varlious dietszy measures
proposad in the treatment of mation slok-
ness make amusing ieading (Reasen & Brand
1978), but thelir diveraity is some indloa-
tion of thelr lack ¢f value, No effect on
the incidence of motlon sickness has been
found in relation to time of day or the
time of meals (Nnnn&na & Btevart 194!1.
18 in generally agresd that vomiting ls
less unpleasant when the stomach contains
something to vomlt and that laek of food
can itsalf be dispiriting. Bgually, it
vould seem ssneible to avold distary
oRcesses.

Notion siaok aircrew have observed that
thelr susceptibility to alrsickness is
lncreased by sven moderate amounts of
sloohol in the previous 24 hours, and thils
effedt of alcohol has also been observed
on tolerance to cross-coupled stimulation
during desensitisation treatment (Bagshaw
& ftott 1988), Por those taking anti-
motien sickness drugl. the instructions on
the gcokot warn against the genaumption of
aledhol on account of inoreased sedation,

Adapiatlan

For many individuals whoss exposurs to
provocative motion is infrequent, advice
oh how to minimies ths atimulus of motien
sickneas coupled with the use of an npgro-
priate prophylactic drug offers the best
chance of aveiding the condition, “or
others, such as vesk-and sailors and thome
wvho fly for pleasure in light aircraft or
gliders, repeated uss of drugs may be
undclirtﬁlc or, in the case of solo fly-
ing, pronibited, Though repeated exposure
should lead to sdaptation, the freguency
of exposurs to the provocative motion ls
often insufficient to promote an adeguate
degres of adaptation.

Often the dimpiriting effect of repsated.

bedoning motion slok during what woul

othervise be & challenging and :huurwln
leisure activity, leads an individual to
take up golf, bird wntnhing. or some other
padestrian Intorone. Before soncurring
with this course of action, the advice,
for example, to a motion siak giiding
student Lqﬁt be to undertaks & more
continuous peried of training in whioh the
intenslty or duration of provoestion could
be graded. It ocould be antiocipated that
having once gained some dn%fpn of adapta-
tion, ite re-soquisition efter an interval
avay from the stimulus might be a more
aceelerated provess.

yormal dessnaitlisation treatment, on
acoount of its oost and the amount of time
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involved, would not be justified for this
group of individuals, It is howaver possi-
ble that a self-adminiscered ground-based
desensitisation course might cffer some
degres of pre-adaptation to someone par-
ticularly enthusiaatic to succesd, It i
simple to generats & cross-coupled stimu-
lus using & rotating office chair kept in
dontinuous motion with the fest, the
oocupant making roll or pitch head moves
ments., However, retaticnal velooity is
paotl{ oonerolloé by thie method and it is
not difticult for a susceptible individual
to make himself raplidly unwell. Another
roadily availlable devics is a conventional
ewing.  This device offera two types of
sensory eonrlict, both of whiovh are fea-
tures of aviation., There is an alternat-
ing acceleration stimulus thet has both
vertical and horisontal dempohents, whose
frequency of oscillation can, by appropri-
ate choice of rops length, be brought inte
the nausecgenic rangs (4m for 0.28 Hs,
2.38m for 0.3) Hli. In addition, because
in a frealy swinging pendulum the result-
ant force veotor is always aligned with
the rops, the subject txgorioneol the
lltcrnttlnq angular rotation stimulus
without a corresponding change in the
direction of the resultant veotor, the
sare conflict that is engendered by eo-
oxdinated turns in airoraft, To render the
swing etimulus comparable to that in the
alr, the subject would require to slt
sideways so that angular escillatien of
:ho z: gq would act in roll rarthezr than
n piten.

A further devies (Asrotrim®), found in
pome ltortl centres, consistas of thres
concentric metal rinq:, the outer one
fixed to the ground, the inner two ringe
fres to rotate about axes at right angles
to eagh other, with the innermost ring,
about 2m in diameter, configured to carry
a ltnndlng subjeot, By appropriate move-
ment of his body, the |ub£:ot who ls
tethered by the feet and rastrained by a
metal hoop at waist level, can rotate
about two axes simultansously. The nau-
seagenicity of this device is not severs,
but probably derives from its capacity to
produce oross-ooupling of a somevhat
uncontrolled nature, and unfamiliar
changan in the dynamic force »nvironment.

It has to be admitted that none of these
expedienty desigred to promote adaptation
has received experimental valldation. In
fact, In a controlled study, repeated
exposure to swings used in the convention-
al fashion falled to protect againet
alrsiokness (Gibson et al, 1943).

Jaatcaatagns of aatablisnsd gotign=ns

Oncs individuals have reschsd the stage of
varising, druge are less effective and
have %o be given parenterslly and in
higher dosage, BRven in the period of
malaiss that precedes voniting there iw a
marked delny in gestric emptying time
(Wood et al 1987) and the absorption of
g:a 1y ﬁﬂ:{ntntnrod drugs will rherefore

Having vomited, there is often a temporery

11-8

improvement in well=being, but with conw
tinued etimulus malaiss worssns and vomit-
ing recurs. Some individuals may becoms
eogtll prostrated and apgolr vor¥ 111,
¥hen this ocours sboard ship, suflerers
should be moved to the part of the ship
vhere the provocative motion is at a
minimum, end should lie down. Adequats
fluld intake is not possible until vomit=
ing has stopped, and to this end anti-
motion sickness drugs may be required by
injection. Severs motion sickness is
frequant aboard life rafts in rough seas
and could be a significant factor affect.
ing supvival. Although druge given orall

are of no value, buacal abusrption o

h!oaetno administersd as the proprietary
dis) orliﬁln form (Kwells), has been ohown
to ba as effective as generiec hyoseine
tablets administered orally (Golding et al
1991). An effective blood levsl cen be
obtained within 30 minutes.

The transcutaneous routs of administration
is of no immaediats value in individuals
already suffering symptoms of motion sick-
ness on account of the 6-8 hour tinme
interval before therapsutic lsvels of the
drug are. reached, . To achisve a more rapid
onset of activity drugs must be given by
injection. In an uncontrolled case otudy
of alrsickness in 47 individuals who
undertook repeated flights invelving
parabolia mancsuvres, the intramusou!ar
administratien of dtfhonhydramtnc s0mg,
romethasine 28mg and 80mg, and hyoscine

+3mg were compaxed for thelr benefioclal
effeacts an reversing sevare symptoms of
nausea (Oraybiel & Lackner 1087), Both
hyoscine 0,Bmg and promathasine 8om

showsd beneticial e{fects in 77 and 704 o

subjects respectively, whersas little or
no benefit was obtalned from the lower
dose of promethasina or from diphenhydra-
mine. 'The therapeutioc efficavy of hyos-
olns vhen given intramuscularly is about &
times that of the sams dome given orally
(Mirakhur 1978), This difference in a
consequence of the Zirst=pass metaboliem
of orally administersd hyosoine in the
liver. hus 0.8mg hyoscine given intra-
muscularly would be squivalent to about
2ive times the standaxd oral dose., Buch a
dose runs the risk of toxic side effauts.
For this reason the intramuscular injea-
tion of promethasine aonz iv to be pre-
ferred as the treatment for established
nausea and vomiting due to motion sick-
ness.

igg:iﬁaagasgﬁ.nt.nni&nn.ltnknlll_Ln.hhl

The nilitary doctor,perhaps mors than his
olvilian counterpart, has to balance the
loss of operntional effsutiveness produced
by motion Livkness with the possible
detrinental effact on performance from ths
slde effeots of drugs, and, if nelther
altezrnative is nnuoptlbfo. to consider the
szaa.ro suspend or re=tole atffected indi-
{

Motion sicknews may have signiticant
aconomio consequences when it sontributes
to the fallure rate in ab sxoensive treine~
ing progranme. one solutish might be to
develop somm asimction test to eliminate
thoss individuals 1ikely t¢ .noounter
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problems with motion sickness savere
enough to result in withdrawal from train-
ing. A significant correlation (rs.41) has
baen shown between fallure in flying
training and cbjectively ratsd tolerance
0 a sequence of 10 h1,d movements while
iggs?ini at 90 deg,s”" (Ambler & Guedry
e
such a test lacke eulficlient selectivity.
AR alternstive might be to eliminata
airerew who are airsiek during the intro-
ductory sorties of training. This approach
falls to t:. ke acocount of the natural
adaptive process. On the othey hand, lt
may require 20 - 30 sorties befors sponta-
neous adaptation can 2e judged to have
falled, by whioh time, given the cost of
2lying hours, a considerable investment
has been made in the individual. The
pregise polioy ldegeod depends on the
availability of sultable applicants for
the training programme and on financial
resources, Becauss of the high ~met of
training, a good ¢ase can be mude for
establishing some form of treatment pro~
vamme for alrsickness, various ochemes
ave baun dencribed (Dowd 1973, Doblie
1974, arqbinl & Knapton 1970, Levy et al,
1981, Kemmler 1983, Caresia 1983, Olles &
Loohridge 1588, Bagehaw & Btott 1968), All
involve adaptation to ground-based motion
stimuld that are nnuuoognnic. some use
biofeedback and relaxetion technigues.
They vary in the extent to which remsdial
ll{ ng is incorporated into the programme.
Detailed comparison of results is compli-
cated by dilfering oriteria of success,
but it le possible to reduce by 80 to 904
the number of tralnee alrerew who would
otherwisa be eliminaced 2rem tralning on
acoount of persistent airsiokness.
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Baylor University, and International Academy nof
Astranautics, International Man in Space Sympostum,
7th Houstan, TX, Feb, 1013, 1984) Aviation, Space,
(;u% fz;lromnmml Medicine 58 (Sept) 1987, pp

Atiuptive changes in perception of body orlentatlon and
tmental image rotation in microgravity [Bnglinh]
Clement, Gilles, Berthoz, Alain, Lestienne, Francis
NASA, Universitles Space Research Assoclation,
Baylor Unlversity, and International Academy of
Asironautics, International Man in Space Symposion,
7th, Houston, TX, Feb, 10-13, 1986} Aviatlon, Space,
and Environmental Medicine 58 (Sept) 1987 pp
A159-A163,

Diserete ataptation to nensnrr conflict [English]
Pulynkov, B, I. (Joint Publicationn Research Servies,
Arlington, Va.)

In its' JPRS Report: Sclence and Technology. USSR:
Spave Biology and Aerospace Medicine, 21 (5)
Sep-Oct 1987 pp 1304137

Insuen in development, evaluation, and use of the NASA
Prefiight Mapm‘on Trainer (PAT) {English|
Lane, Norman B,, Kennedy, Robert 8, (Esnex Corp.,
Orinndo, FL.)

NASA-CR-185608; NAS 1.26:185608; EOTR-%8-9

Poststimulutory motion sickness, A search for rebound
sickness In squirrel mankeys followlng continuous
horlrontal rotation [Bnglisk]

Gallugher J, Wilpizeski C, Lowry L 1), Sheppard L
(Thm_;u;l Jeffersoi. Unly, Med, Coll,, Philudclp’llu. Pu
19107,

Annual Sclentific Meeting of the Aerospace Medical
Assoclation, Lax Vegas, Nevada, USA, May 10-14,
1987, Aviat Spave Environ Med 38 (5) 1987, 492

Space tmotlon sickness preflight “reudngmlkm |English}
Parker 1D B, Arrolt A P, Rexchke M F, Von Gicerke H
B, Rock J C, Lichtenberg B K (Duep. Poychol.,
Miaml Univ., Miami, Ohio 45036.)
Grahast, M. D. amt J. L. Kemink ed.). e
Vestihular  System:  Newophysiologle and  Clinlcal
Research; Thineenth Meeting of the Barany Suclety,
Ann Arbor, Michigan, USA, May 21-34, 1945,
Vil +609p Raven Press: New York, New York, USA.
s, ISBN (-88167.206-8, 1987, 67-70

A su‘E'ey“of the Incidence of mal de deburquement, MD
nplis

Srllzer 0, Gordon € R, Doweck 1, Shupuak A (Motion
Slekn: .8 Humaa Performance Lab., Isracli Nuval
Hyperbaric Inat., Huifa, Ixracl)
Ahnual Scieniific Meeting af the Aerospace Medical
Ansaclation, Washinglon, D.C., USA, May 7-11, 1989,
Aviat Space Environ Mud 60 (5) 1989, 488

Relutionship of vasupressin AVP (o adrenocorticotropin
ACTIL and nauses before and after adaptation to
motlon sickness [English)

Kolil R L (Univ. Space Res. Assoc., £pace Blotned,
Ren, Inst., NASA-Jonson Space Cent., Housten, Tex,
77088.)

Annual Scldnwc Meeting of the Aerospace Medical
Association, Washingion, D.C., USA, May 7-11, ]985,
Aviat Space Environ Med §Q 5) 1989, 50§

Ahsence of poststimuolatory motion sickness land siekneas
In mnnkgl following 2d-hours of provocative
rotation [English)

Wilpizeski C R, Lowry L. D, Li O, Hegarty J L
(Jeffornon Med, Coll., Philadelphia, Pa, 19107,

Bist Annual Sclentific Meeling of the Aerospace
Medical Association, New Orleans,” Loulsiana, USA,
M%y 13-17, 1990, Aviat Space Environ Med §1 ($)
1990, 489

Ihysical and adaptive mechaniams in  senslekness
[English]
Syelugs 1., Dolmierski R, (Polaind)
Bull. Inst. Marlt, Trop, Med, Gdynia 39 (1-2) 1988,
PpY9-44

Aduptation und hubltustion of motion-induced vomiting
n squirrel monkeys, (Bnglix f
Wilplzeski CR, Lowry LD, Miller RA, Smith BD Jr,
Qoldman W iDupmmnnt of Olnlnryngnlnf‘y. Thoman
lefforon University Medical College, Philadelphia,
Pennaylvania 19107))
Aviat S‘mve Environ Med S8 (9 Pt 2) Sup 1987,
PpA22-

Kffects of proposed preflight adaptation tralning on eye
movements, sell-motlon perception, and wmotion
slekaess: o progress report, [English]

Purker DB, Reschke MF, von Glerke HE, Lexsard C8
(Space Blomedical Rencarch Juntitute, Juhnson Space
Cemtar, Houston, TX 77058,)

Aviat Spuce Bnviron Med S8 9 Pt 2) Sep 1987,
PpA42-9

[Diserete adaptation to conditions of sensory confiet)
Dinkretnals  adaptatsiia  k  uslovilam  wensornogo
konflikta. [Russinn]

Pallukov Bl
Koxm Bint Aviakosm Med 21 (5) Sep-Oct 1987, pp82-6

Aduptation to telescople spectacles: vestibulo-acular
reflex plasticlty. [English]
Demer JL, Parter FI, Goldberg }, Jenking HA,
Schmidt K (Julew Stein Bye Institute, University of
Culilornia, Los An.t,ulun 90024.)
Invest Ophthalmo!l Vis Sci 30 (1)Jan 1989, pp159-70

Adaplation to vection-induced symptoms of muotion
sicknesy, [Englixh)
Stern RM, Hu 8Q, Vaney MW, Koch KL (Department
of Paychology, Ponnuylvania  State  University,
Unlvondly Park, PA 16802.)
Aviat Space Environ Med 6 (6) Jun 19£9, pps66-72

Yestibular habltuation In student pliots. [Bnﬂlnh]
Schwarz U, Henn V (Department of Neurology,
University Hospilal, Zurich, Switzerland.)

Aviat Space Environ Med 60 (8) Aug 1989, pp755-61
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Motion  sickness~vestibulai  habituation with the
centrifuge, [English]
Nel O, Swatt JQ, van der Laau FL (Department of
Olorhinolaryngology, University of Pretoria.)
S Afr Med ﬁo(‘n Apr 7 1990, pp163-4

Gmeé.")'i.:)?n of tolerance to motion enviconments,
nglin
obic TG, May J3 (Naval Blodynamics Luburatory,
New Orleans, LA 70189.)
Aviat Space Environ Med §1 (B) Aug 1990, pp707-1!

Fiffects of anticholinergle and ehollnnrfk drugs on
habitustion to motion in rats, (Bngilsh}
Morila M, Tukeds N, Hasogawa 8, Yamatodani A,
Wada H, Sakai 8; Kubo T, Matsunaga T (Depariment
of Otolaryngology, Omakn University Svhool of
Medicine, npm.f
Acta Otolaryngol (Stockh) 110 (3-4) Sup-Oct 1990,
ppl96.202

... Alr Sickness
[Vestibular examination of motlon sick student pllots]
lin Dutel; English Summary|]
Blew, W, (Instiiwte for Perception RVO-TNO,

Socsterbery (Nethorlands).)
JZF-1988-22; TD-89-0331; ETN-90-9509]

(Mutlon skeknesy In the aerospace epvironment] Le
malatle da movimento in mnblente  sorospazinle,
[Halian, Bnglish)

Rutondo Q@
Minerva Med 8 (19) Oct |5 1987, ppl469-76

Vestibular habitvation in student pilots, [English|
Schwarz. U, Henn V (Depament of Nourology,
Unlvemity Hoapital, Zurich, Switzerlund.)

Aviat Space Environ Med §0 (8) Aug 1989, pp785-61

lnek[iénulsI ?’I‘ sirslckness among wilitary paruchutists,

nglix

Antunano MJ, Hernandez JIM (Wright State University
School of Mudiolne, Degnnmenl of Community
Medioine, Daylon, OH 45401-0927.)
Aviat Space Environ Med 6Q (8) Auy 1989, pp792.7

3. Animal Models

Effect of muacular ablation on frequency and Intency of

n'azotkﬁn'-\l‘ndnred emesly n lhe squirrel monkey
nRal

Lrlzzcc. Kenneth R., Igarashi, Muketo (Tulane Univ.,
Covington, La,)
Aviaiun, Space, and Environmental Mudicine (ISSN
0095-8562), vol. §7, Nov. 1986, p. 1066-1070,

Vestibulursvisual conflict in theh und yuw planes ln the
squirrel monkey [Bnglinh)
{garahi, Makoto, Xulocz, Walter B., Kobuyushi,
Knzutoyo, Inago, Hidemitau (Baylor Coll. of Medicine,
Houston, Tex.)
Aviation, Space, and Environmental Medicine (1SSN
X95-8562), vol. 87, Nov. 1988, p. 1G71-1074,
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Change in functlonal activity of cortical braln structures

and their blood supply in alert rabblis in response
to rocking [Bnglish Tranalation)

Makuimuk, V. F. , Skommnyﬁ. N, A, (Joint
Publications Rescarch Servive, Arlington, VA.)
NBR-12916/8/XAB 5 Aug 87, 1p

[Pharmaculogleal induction of motion sickness in the

Rheaus monkey, (Preliminary Studles)) Induction
pharmacologiquu du ayndrome emetique chez lo
macaque Rhosus (Blude Preliminsire) [Prench]
Boulllon, J. N, , Milhaud, C, , Lagards, D. ,
Plorence, G, (Cenire d'Bhuden ot de Rechorchos de
Medecine  Aeroapatinle, Patis (Franes), Div. de
Ncumghyllolc&l‘nA pliques,) CERMA-88/12
PBAS-210777/XAB Aug 88, 83p

Congrulty of rotatlonul and pharmacological tuste

aversion (TA) conditioning within  straing  of

.Elnl'l"tf]'y bred TA prone and TA reistant rats,
nglin

Alking, Ralph L., Walters, Paul A,, Harrivon,

William R, Abbrecht, Willlam  (Veterans

Adminiatration Medioal Ctr, Augusta, GA, US)

Learning & Molivation 2] (2) 1990, pp190-198

Poststimulatory motlon slckness, A search for rebound

shekness In squirrel monkeys following continuous
horlzontal rotation [Bng]llhi'

Gallagher J, Wilpizeski C, Lowry L D, Shcprnrd L
(l'l'lfgt-;\un Jofforson Univ, Med, Coll,, Philadelphia, Pa

Annua‘) Scientific Meeting of the Agrospace Medical
Assoviation, Lays Vegas, Nevada, USA, May 10-14,
1987, Aviut Space Environ Med 38 (5) 1987, 492

Protective effect of some pefﬁdu against otion

sicknens in animals [Rusvisn

Yunelvov V V, Drogd Yu V, Shashkov V 8, Bragin
E O, Popkava BV, Vablshshevish A V
Kosinicheskaya Blolng a | Aviakesmicheskaya
Mediising 22 2) 1988, 71273

Stnusoldal vertlenl luear nccelevation und wmotlon

skkness In squireel monkeys [English)

Wllrlzclkl C R, Lowry L D, Thompson P B (Dep.
?9‘? g_;y)ngnl.. Jefferson Med. Coll,, Philavelphis, Pu,
Annual Sciemific Meeting of the Avrospace Medical
Aswaclation, New Orleans, Loulsiana, USA, May 8-12,
1988, Aviat Space Enviror Med 59 (5) 1988, 468

Motion siekness In Suncus-muritus u new experimental

animal [Englink]

Mutsuki N, Uetio 8, Kuji T, Saito H (Dep, Chem,
Pharmavol,, Fac, Pharmueout. Sci., Unlv. Tokyo,
Tokyo 113, Japan.)

18I Annual Maeting of ihe Socisty for Neuroscienoe,
Toropto, Ontarlo, Canadda, November 13-18, 1988,
Soc Meurnsci Abstr 14 (1) 1988, 334

Role of hmhnmlne 1t otlon slckness of Suncus-murinus

Englin

stivki N, Keji T, Ueno 8, Salto H (Dop. Chem.
Pharmacol., Rav, Pharmuceutical 8ol., Univ. Tokyo,
Tokyo 113, Ipn.)

Annual ScanIc Meeting of the Aeruspace Medical
Assoctation, Washington, D,0*,, USA, May 7-11, 1989.
Aviar Space Environ Med 0 (3) 1989, 492
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Conditloned motlon sickness and rolatlon-induced
vomiting in squireel monkeys [English)
Wilpizeski € R, Lowry L D (Dep. Owlarﬁngol.,
Thomas Jelferson Univ., Philsdoiphia, Pa. 19107.)
Anrnual Scientific Mmlmi,of the Acrospace Medical
Assoclution, Washingion, D.C., USA.ng 11, 198,
Aviat Space Environ Med §0 (S) 1989, 505

Braln blogenic amines and metabolites in rats exposed
to crossscoupled motion during the dark phuse of a
light-dark esele [Hnaglllh]
Qwatoyo ] O, Tel B B, Llokto\r D L, Newport G,
Walkor C A (Univ. Arkansas at Pine Blulf, Pine Bluff,
Arkansan, USA,

Xixth International Conference of the International
Sociely for Chronobiology, Bethesda, Maryland, USA,
June 20-24, 1989, Chronoblologia 16 (2) 1989, 167

Anulgesic and beta endorphin (RE) responses o
motlon-slckness In monosodlum glutamatestreated
rats [English)

Soallet A C, Wilton 8, Rountrss R L, Henry W Jr,
Androws A, Walker C A (Natl, Cont, Toxlvol, Ren,,
Joffornon, Arizona 72079.8502.)

191h Annual Meeting of the Society for Newroscience,
Phoenix, Aritona, USA, Qctober 29-November 3,
1989, Sov Neurosel Absir 1S (1) 1989, 516

The gastrointestinel cordelutes of motlon siekness In the
et [English}
Lang | M, Steensrud M, Surma 8 K (Dep. Surg.
Ph{nlul.. Med. Coll. Wi, Zablocki Vame,
Milwaukeo, Wis. 53298 )
19th Annual Meeting of the Soclely for Neurosclence,
Phoenls, Aritona, USA, October 29-November 3,
1949, Soc Newroscl Abst 15 (1) 1989, 900

ETects of varioun types of antihistamines and inhibltors
of histamine release on motlon-induced enesis of
uncus-murings [Bnglie
Kaji T, Matsuki N, Saito H (Dep. Chem, Pharmagol,,
Fao, Plarmaceutioal Scl., Unlv, Tokyo, Tokyo 113,

Ipn,

o'.m) Annual Meeting of the Japaness Pharmavelugical
Society, Tokyo, Japan, March 25-28, 1990, Jpn J
Pharmacol 32 (S8uppl, 1) 1990, p194p

A r.nB molllh;‘l for research of emesly and motion sickness
nglis

lI‘llusdl , Morita M, Haregawa 8, Yamatoduni A,
Kubo T, Wada H, Matsunags T {Dep. Otolaryngol.,
Onaka Univ, Med. Sch., Osaka 553, Ipn.)
63rd Annual Meeting af the Jupanese Phurmacological
Saciety, Tokyo, Japun, March 2528, 1990. Jpn J
Pharmdeol 32 (Suppl. 1) 1990, p260p

Absence of mmﬂmuluwy motion slekness lund
sleknesy wionkeys following 3&-hours of
rovocative rotation [English)
liplzeski C R, Lowry L D, Li @, Heparty J L
(Jufferson Med. Coll,, Bhiladelphia, Pa, 19107))
dixt Annual Sclentlfic Meeting of the Aerospuce
Medical Association, New Orldans, Loulsiana, USA,
% A 1:'19 7, 1990, Aviat Space Bnviron Med 6L (5)

Pharmacologleal control of apuce sickness value and
limits of the rhesus model Macaca-mulaua_rmnnllnlg
Milhaud € L, Lagirde D P, Florence G, Tran C
(Cent. Btudes, 75731 Pariy Codex 18, Pr.)
610 Annual Sclentific Meating of e Aerospuce
Medical Association, New Orleans, Louisiana, USA,
M%y 13-17, 1990, Avial Space Environ Med g1 (8)
1990, 504

Mautlon sickness in Julnu-plr, Learned food averaion
(LFA) induced by ‘sinusoidal linear vertkal
dicplacement LE!}!“I L
L1 G, Wiipizeski C R, Lowry L D (Dep, Otolaryngol,,
JefTerson Med, Coll., Philadelphia, Pa, 19107?

615! Annual Sclentific Mesting of the Asrospuce
Muedical Association, New Orleans, Louisiana, USA,
%?0 I;aé?. 1990, Aviat Space Environ Med 81 (5)

A multbuhject rotational stimulator for taste-aversion
induction \Lﬂwhh
Harrxon , Blkins R L (Pnychol. Res, 116:Bu,
Velerans Adm, Med, Cont,, Augusts, Ga, 30910.)
g;:;lczuns «of the Pyychoromic Soclety 28 (3) 1987,
21

Rus24969-induced emesis In the cat S<HT-1 nite other
%l&-n"sﬁ]n'r-m SUT-IB or B-IIT-1C implicated
nglls
Luu!n.l B (Dep, Pharmacol,, Wright State Univ., 060
Fawe, Daylon, Ohlo 45435, USA.)
fg;o&;gn Jowrnal of Pharmacology 180 (2-3) 1990,

Kffects of serotonin antagonlstx on wmotlon siekness and
its suppresylon hy 8 hydroxy-DPAT in cats [English}
Lucot J B (Wright Stats Univ., Dep, Pharmacol,, 060
Fawg, Dayton, Ohlv 45438,) -
g‘lgrﬂ:cology Blochemistry and Behavior )7 (2) 1990,

Cutecholuminerple renponses to rotational stress In rat
brain stem: Tmplications for amphetamine therapy
of motlon slekness {Bnglish)

Tukedu N., Morita M., Yamatoduni A., Wada H,,
Matsunage T. (Sapan)
Aviat, Space Environ, Med, §1(11) 1990, pp1018-1021

A twosfactor model of rotation-induced motion sickness
andrnma in squirrvel nionkeys, [English|
ilpizenki CR, Lowry LD
AmJ Otlaryngol § (1)Jan-Feb 1987, pp7-12

Autonomle effects on R-R varlutions of the heart rute
in the squireel monkeyt an indicutor of antonombke
Imbalunce In conflict sickness, [English]

Inhil M, Igaraahi M, Patel 8, Himi T, Kuleoz W
Ant ] Otolaryngo! B (3)May-Jun 193‘3. ppldd 8

Busplroue blocks niotlon sleknens and xylazinetnduced
emesls {n the cat, [English)
Lucot JB, Cramplon GH (Department of Pharmacology
::;:i‘ s‘t!"u;tlcolouy. Wright State University, Dayton, Ohio

Avial Space Environ Med 3§ (10)0ct 1987, ppags-31
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Vasopressin and motion sickness In cats, {English)
lon RA, Kell L.C, Daunton NG, Crampton GH, Lucot
{: (AD: r;t;n)cm of Paychology, San Jose State Univ.,
Aviar Space Environ Med S ® PL 2)8ep 1987,
ppA143-7

Role of otolth endorgans [n the geneshs of
vestibular-visual conflict sickness (pitch) o the
squiredd monklmnm report). Wmh]

Igmhi M, Himl T, Kuleez , Kobayashi K
(Dopartment. of Otorhinolar nnolo&y and
Communicstive Sclences, Baylor Callege of Medivine,
Houston, Texas 77030.)

Aviat Space Environ Med 38 (® Bt 2)Sep 1087,
ppA207-11

Aduptation and habitustion of motion-induced vomiting
n u‘ulrrel mounkeys. [Bngllll\]l

Wilpizeski CR, Lowry LD, Miller RA, Smith BD Je,
Qoldman W Sanmment of Otolawngnlofl , Thomas
Jefferson Univenity Medioal College, Phlladelphia,
Pennuylvania 19107.)

Aviat S‘mu Environ Med 58 (3 Pt 2)Sep 1987,
ppA22.

Suhjective concomnliants of motlon sickness: quantifying
rotation-induced llinews in squirrel monkeys.

n -

ll‘lunLI CR, Lowry LD, Green 8J, Smith BD Jr,
Molnick H (Department of Otolaryngology, Thomas
Jlegflfag,ﬂ;n University Medion] College, Philudelphix, PA
Otolaryngol Head Neck Surg 91 (SNov 1987,
pmﬁo' '

Suncus murlaus ns & new experimental wmodel for
motion sicknes, (English]
Uena 8, Matsuki N, Saito H (Department of Chemical
Phnmnolog{. Fuult!v of Pharmaceutioal Solonces,
Univenity o Tok{ , npan,)
Life Sci 43 (3) 1988, ppé13.20

Piea as an lndex of motion slckness In rats, [English]
Morita M, Takeda N, Kubo T, Matsunaga T
Department of Otolaryngology, Osaka University
chool of Medlsine, h\pnn?)
Orl J Olorhinolaryngo! Relat Spec 30 (3) 1988,
pplas-92

Effects of antl-motlon sikckness drugs on motlon sieknesy
In rats, (Bnyglish
Morita M, Takeds N, Kubo T, Yamatodani A, Wada
H, Matsunage T (Department of Otolaryngology,
Onaka University School of Mediolne, Japan.)
Orgaé_ 3(Jlorhlrmlm‘yual Relat Spec (5) 1988,
rp

[The role of cholinergic mechunlnns in altering the
functional uuvh{gl the rabbit brain durlnﬂ motion
slckness) O roll ollne:ﬂohuklkh mekhanizmov v
tzmenenii funktslonal’nol aktivnoxti mozga krolikov pri
ukachivantl, [Russian]

Maksimuk VF, Skoromnyl NA
Fizlol Zh SSSR 74 (8)Aug 1988, ppi 10919
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Conditlonsd taste aversion induced by motion s
greumd byknleetlve vagotomy in the rat. [English]
ox RA, McKenna 8 (Department of Pl{eholosy. Ban
Jose State University, California 95192,
Behayv Newral Bio) §Q (3)Nov 1988, pp275-84

[Effect of dimephosphon on the blood circulation and
ox geu tenslon in the brain of normal waking
rabbils and in motion sickness] Viiianie dimefosfona
na krovoobrashohenie | napriszhenie kisloroda v

oloviiom mozge badrstvuiushchikh krolikov v norme
pri ukachivanli, (Russian, Bnglish)
Beksiov Al, Skoramnyl NA
Farmakol Tokslkal §1'(5)9ep-Oct 1988, pp3s-8

Rale of the apea postrema in three putative measures of
motion sickness in the rat, [En%hh
Sutton RL, Fox RA, Daunton NO (Depariment of
:uyghomy. San Jore Ste Unlversity, California

5192,)
Behtav Neural Biol 5Q (2)Sep 1988, pp133-52

Cerebrospinal fluid constitvents of cat wvary with
susceptibllity to motion sickness, [Bnglish]
Lucot JB, Cramplon GH, Matkon WR, Gamuche PH
(Dopatment  of  Pharmucology, Wright State
Univeruity, Dayton, OH 48438.)
Life Sci 44 (18) 1989, ppl23D.458

Blocknde of S-hydroxyleyptamined receptors prevents
cisplatin-lnduced ~ but not motlons or
xyluzine-induced emesly in the cat, [English]

Lucot JB (Wright State University, Depatment of
Phumucolnsy. ayton, OH 45438,
Pharmacal Blochem Behuy 32 (1)lun 1989, pp207-10

{Anlnal model of motion sickness in rats] {Japanese,
English
wl;m Jiblinkoka Gakkal Katho 92 (9)Sep 1989
on nkaka at Katho ,
pplﬁl‘-as P

OILDPAT suppresses vomiting in_the cat ellelted by
motlon, cliplatin or xylasine, {English
Lucotlh.ﬂnmp&ono (Department of Pharmacology
and Toxleology, Wright State University, Dayton,

OH.)
Pharmacol Blochem Behav 33 (3)1ul 1989, pp627-31

Com&urhon of varlous motlon sthnull on motlon
nickness and acqulsition of adaptation In Suncus-
murinus, |English)
Kaji T, Saito H, Ueno 8, Matsuki N (Department of
Chomical Phnrmneulnﬁt Faculty of Pharmaveulloal
Sciences, University of Tokyo, Japan.)
Jikkan Dobuisu 39 (1)Jan 1990, pp75-9

Conditioned taste aversion and motlon slckness In cats
and s1quirrd monkeu. [gngmm
Fox RA, Corcoran M, Britzse KR (Dopartme t of
Paychology, Sxn Jose State University, CA #5154,
Can J Physiol Pharmacol 68 (2)Feb 1990, pp269-78




Role ot eholln

n llu )

|k|lmuk VF, Skoromnyli NA (1. M. Sochenov
Institute of Bvolutionary Physiology and Blcchemlmy.
Academy of Solences of the USS Lenlnnu B}
Neurosci Behav Physiol 20 (1)ian- Feb 1990, pp36-48

lc mechanisms in alterations of rabbhit
sl activity during sea-slekness,

Mi tln lclt in ulnu Cavia poresitus) Indexed
by nm ro%a n-l:‘r( egndltbned taste

nvmbm. Bn, Kl!lillg
Onsenkopp mnkow MD (Departimient of
Plychulugy. Unlvenhy of Westorn Ontario, London,

Canada.)
Phy:ial Behav 42 (3)Mar 1990, ppd67-70

Autonomic indexes during the vestlbulur-visual canflet
exposure! i I%ulml monkey study. [Englinh
Igsrashi M, Chas 8, MacDonald 8, Himi T,

l‘, (De artment of Otorhlnolnrynnology and
Communicative Selenou. Baylor College of Medicine,
Houston, T\MII D)

Aurls Nasus ..arynx 17 (2) 1990, pp69-76

Lifects of anti<cholinerglc and chollnerﬂle drugs on
habltuation to motlon in eats, [Bnglish)
Morita M, Takeda N, Hasegawa 8, Yumutodani
A, Wads H Sakal 8, Kubo T, Mluunn a T
(Department of Otolaryngology, Osaka Unlveully
School of Medivine, Japan.)
Acta OIolaryn‘ol (Stockh) L1Q (3-4)Sep-Oct 1990,
pp196-202

Condétioncd inhibition of rotation-induced tuste aversion

1
umbert 1.V, Burber RM., Curﬁenlto P, Clunfran
M., Menduz n.. Potonak L.C A)

Anim, Learn, Behav. |7 (4) 19“. ppaST.467

Conditloned taste aversion Induced by motion b
grevented by relective vagotomy In the rut. [English]
ux RA, McKenna 8 (D;l\uﬂmml uf Paychology, Sun
Jose State Universit ifornis 95192.)
Behav Neural Biol §Q (3)Nov 1988, pp275 -84

The [';“ﬂp#]h““y of rhesus monkeys to motion sickness,
[T
Corcoran ML, Fox RA, Daunlon NG (NASA Ames
Rewsarch Centor, Moffolt Piold, CA 94086,)
Aviat Space Environ Med 61 (9 P |)8¢p 1990,
pp807-9

4, Behavioural Effects

Situational awareness and vestibular stimulution: The
inflyence of whole-hody rotation upon tusk
wrfm‘mnnee [tn Duteh; Bnglllh S\Jmnmryte

lontjos, C. J, B, Blel, . (Institute for
RYO-TNO, Socsterber SNethetlnnd )
1ZF-1989-14; TD-89-105); ETN-90-973%6

reeption

lmperrormue application of a item englneerin
el for mot n slekness lnd other environmenta
muum [Bngll
Baltzley D R. Kennud R S, Jonex M B (Euex Co;g..
1040 Woodeoek Rd., Suite 227 Orlando, Fla. 328

Annual Sclon“ylc Mesting of m- Aera.vpacc Medical
Assoclation, Washington, D,C., U, 7-11, 1989,
Aviat Space Environ Med §Q (5) 19!9 479

Effect of |hlp voll stabllization on human performance

Bnglis

Limqﬁlon T R, Dobis T G, Willems G C, Webb S C,

Er.\dl},:rll' L (le Biodynaios Lab,, New Orleans,

éln Ammal Scl!mlﬂc Meeting of the Aerospace

Medical Assoclation, New Orleans, Loulsiana, USA,

19% I.!-!? 1990, Aviat Space Environ Med £1 (5)
)

Conditloned  taste  aversion In  humans usin
motlon-induced slckness as the US navseogen
experience {English)

Arwai 8, Rolalek A, Lubnka(Dcr Paychiol,, Tel
Avlv Unlv.. 69978 Ramat Aviv, lsrae
Behaviour Research and Therapy 27 (3) 1989, 295-302

Persistent mal de debarquemient syndrome: &
wotlonsinduced mhjectlve dlvorder of balunce,

L nglia 1
rown JJ, Buloh R
Am J omlar* ngol l (4Yul-Aug 1987, pp2 1922

Motlon slckness and anxlety. [Englinh]
Fox 8, Arnon | (Department of Puychology, Bar-lian
Univorxlty, Ramat-Gan, Inraol.)
Aviat Space Environ Med 9 (8)Aug 1988, pp728-33

[Well-being, task performance and h{pervenlllntlon i
u tlting room: Infuence of visual reference frame
und artifielal horlzon) Wolbovindon, Taakprestatie on
Hyperventilatio in do Kontelkumer: [nvioed van Visueel
Referentjo-Kador en Kunutmulluu Hotlzon [Dutch)

Bles, W, , Wientjes B, (lnstitute for Perception
RVO-TNO, Snoltur[aeru (Netherlands),) 1ZR-1988.30
PB"(}HJMS/XAB ©1988, 33p

Performance and well-belng under tiiting conditionss the
GE“I‘fh‘I’r visunl reference und artificia) hovizon,
nglin
llnlnkk A, Blen W (Motion Sickness and Huminn
Porformance Lauboratoty, Istwoli Naval Hyperbaric
Tnstitute, Hulfw,)
Aviat Space Envlrun Med 60 (B)Aug 1989, pp779-85

W

Dexamethasone mbnks the |ntlmouon slckness effects
of amphetamine and scopolamine F.nrl sh)
Koh!, Randall Les (Nutlonu! Aoronaut
Adminlsteation, Lyndon B
Haunton, Tex.)
Acta Axlronaullca (ISSN 0nv4-3765), vol. 13, Sept.
1986, p. 345-871,

s and Space
. Johnson Spacs Center,
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Pharmacological correction of central nervous system
function during exposure to corlolls accelerations

nglish]
E&rﬂilhohen&o. M. N., Dimitriadi, N. A,
Molchanovekiy, V. V. (Joint Publications Research
Servics, Arlington, Va.)
In Uis USSR Report: Spuce Blology and Aerospace
Medicine, Yolume 20, No, S.Sgpmn er - October 1985
p 82-85 (SEE N87-23120 16-52)

Transdermal scopolaming Effects upon plyelnolo1knl
rformance and visual functioning at sea. [Bnmlnhl
B"rlm:i A. C. (North East London Polytechnls,
NN
Hu?nan chopharmacology Clinical & Experimental
1 (2) 198K, ppl19-125

Effect of Udocaine and tocainide on vertigo nausea
nystagmus and voluntary eye movements [Engliah]
Pyykko 1, Padoan 8, Lytikens M, Magnusson M,
g«ls llh‘l’\ L (Ingt. Occupational Health, Helsinki,

nland.)
Graham, M, D. and J. L Kemink (ed.). The
Vestibutar System: Nwurophysiologl: and Clinleal
Research; Thirteanth Mrel n! af the Barany Soclety,
Ann Arbor, Michigan, USA, May 21-14, :
xviil+ 6890, Raven Press: New York, New York, USA,
Nlus. ISBN 0-88167-206-8, 1987, 235-242

Probll.:ml‘ of drug prophylaxis of motlon skckness
ussian]
hashkov V 8, Sabacv V V, lI'lna S L, Qulle R R
(Int, Med,-Blol, Probl,, Minist. Health USSR,
Mascow, USSR,)
gazr(v)naknlozlya i Toksikologlya (Moscow) 34 (3) 1987,

Effects of scopolamine on physiologieal performance
[Englinh)

Crisman R P, Moyer L. G, Murdooh D M, Delohn €
A ;Nnvnl Aocrospace Med. Res, Lab., Ponsacoln, Fla,
32508-3700.)

Annual Scientific Meeiing of the Acra.:‘mcr Mudical
Association, New Orleans, Loulxiana, USA, May 8-12,
1988, Aviat Space Environ Med 39 (5) 1988, 487

Human catecholamine vesponses o  stress after
dexamethasone scopolarnine plus amphetamine and
lacebo [English]
ohl R L (Univ, Space Res. Awmoc., Space Blomed,
Res. Inst., Johnson Spuce Cent,, Natl, Aeronautios und
Space Adm,, Houston, Tex, 77058, USA.)
18th Annual Meeting rif the Soclety for Newroscience,
Taronio, Ontario, Canada, November 13-18, 1988,
Sov Neurosel Abstr 14 (2) 1988, 105]

Inconsistent effect of einnarlzine on the vestihulo-ocular
reflex VOR lﬁntlll
Doweck 1, Shupak A, $pitzer O, Gordon C R (’Motkm
Sicknensas and Human Performance Lab,, lsracli Naval
Hyperbarlo Inat., Halla lmel.}.
Ahnual Sclentific Mmlng af the Aerospace Medical
Assoclation, Washington, D.C., USA, May 7-11, 1989,
Aviat Space Environ Med 6Q (9) 1989, 481

H-7

DouBeﬂ;ﬁ-] curve for scop-dex In mollon skkness

nglis!

ogd M J, Stewart ] J, Wood C D, Manna J B,
Manno B R, Mims M E (LSU Med, Cent., Box 33932,
Shreveport, La, 71130.)
Annual Scientific Masting of the Aerospace Madical
Association, Washingion, D.C., USA, May 7-11, 1989,
Aviat Space Environ Med §Q (S) 1989, 492

Effects ?l' ﬁmhn:lnemcal Bludlllu;‘rly monltoring and
event-rel en nglis
Eugnypr R, .l ulll’lR ?25%:V;7| og.)rolpuo Med. Ron,

RO NSACOIA, MK, o '
Annual Sclentific Maclln;Do£ the Aerospace Medlcal
Assoclation, Washington, D.C., USA, M 1989,
Aviat Space Environ Med §Q (5) 1989, 495

i

Evaluation of the efficacy and side effects of buccal

ﬁop(ﬁuhtrlne in the treatment of motion slekness
nglis

de 3lolnnll J, Johnson P C Jr, Clntron M M, Calking
D 8 (Space Biomed. Res. Inst., NASA Johnson Space
Cent., Houston, Tax, 77058.)
Annual s«:maylc Meeting af the Aerosprce Medival
Association, Washinglon, D.C., USA, Mugg-ll. 1989,
Aviat Space Environ Med 80 (5) 1989, 8

[The effect of vestibuloprotectors on the cyelle
nucleatide |rmm la experimental motion slekness)
Vilianle vestibuloprotekiorov na sistemu taiklicheakikh
nukleatidov prl modelirovanll bolozni dvizhenila,
Russian, English)

eshehiniuk H, Konovalova BO, Kvitohatala Al,
Shamrl VO, Bobkov uG
Paial Figiol Eksp Ter Jan-Fob 1989, pp26-8

Eftects of varlous tym of antthistamines and Inhibltors
of histamine releare on motlon-induced emenls of
Suncus-murhlu.rlsﬁnulllh
Kuji T, Matsuki N, Saito H (Dep. Chem, Pharmacol,,
rw.) Pharmuceutioal Sci., Unlv, Tokyo, Tokyo 113,
ph.
o3rd Annual Meeling of the Japanese Pharmacological
Soclety, Tokyo, Japan, March 25-28, 1990, Jpa )
Pharmacol 32 (Suppl. 1) 1990, pi94p

The effects of transdermal scopolamine ou the
vestibulo-ocular reflex [English)
Doweck 1, Shupuk A, Gordon C R, Spitzvr O (Motion
Slokness Human Performance Lab,, Isrsell Naval
Hyperbario inst,, P.O. Box 8040, Halfa 31080, lsrael.)

6. Factors affecting susceptibility

A wmotlon  sleknesy gwdlcllon model and system
description [Bnglish}
Hartle, Dans R. (Air Force Inmt. of ‘Tech.,
Wright-Patterson AFB, Ohio.)
AD-A177716; AFIT/GCS/ENG/88D- 3

Changes In clrcudian rhythm of multiple hortiones and
their relutlonship with individual susceptibitity In
shnulated weightiessnes [English
Liv, Kejie, Sun, Hongyusn, Lu, Jun, Zhany,
Guanming, hn. Xisowu
AN, International Astronautical Congress, 40:h,
Mn[aga. Spain, Oct. 7-13, 1989, 9 p.
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Vestibular examination of motion sick student pilots |in
Duteh; Bnglish Summlr¥]
Bles, W. (Institute for Percoption RVO-TNO,
Socaterberg (Netherlandn).)
1ZF-1958-12; TD-89-0531; ETN-90-95091

The relationship of vivual-perceptual skills, vision and
[hyllul attributes to motlon sickness susceptibility,

nglinh)
cndo‘\jvn)ky. Ricki L. (U Western Ontario, London,
anada
Dissetiation Abstracis Iiternational 48 (9-B) 1988,
Pp817-2818

Neuropaychiatric  observations of pmgrk)eeptlu
nensitivity in motlon wickness susceptibllty, The
forgotten third factor [English]

Patt J O L, Salomon A A, Baistrogohi R L (Inst,
Acronpuee Med,, Buenos Afres, Argentina,)

Annual Sclentific Mesting of the Aerospace Medival
Awsoclation, Las Vegas, Nevada, USA, May 10-14,
1987, Aviat Space Environ Med §8 (5) 1987, 492

The relationship between preflight underwater teaining
and space imotlon slekness [English]
Youmane B M, Charles J B, Ssty P A (Med, S,
Div., Johnwon Space Cont,, Housion, Texas 77058,)
Annual Sclwntific Menting of the Aerospuce Medical
Assoelation, Las Vegas, Nevads, USA, May 1014
1987, Aviat Space Environ Med 38 (5) 1987, 497

Motion slckness and electro m:;;;ruphlc activity us u
fgm‘.ﬂo}l‘\’oflpﬂdnfmh n of an optokinetic dram
nglix
['Iu %. Sterm R M, Varey M W, Koch K L {The Pa,
Stute Univ,)
Wik Annual  Moediing  of  the Sm:ir? Jor
(I"‘.s;yci‘l‘;o.hy:g;loglcal Research, Psychophyxology 28

Oculur counterrolllng (n parabolk MHight predictive tot
of spare motlon alekness [English]
Dlamond 8 G, Murkham C H (Dep, Neudrol,, UCLA
Sch. Med., Lo Angeles, Calif. 90024,)
19th Annual Meeting of the Soclety for Newroscience,
Phoenle, Arieong, USA, Oclober 2¥-November 3,
1989, Soc Newrascl Absir 18 (1) 1989, 816

Motlon sickness susceptibility und changes in vestibular
function [n w  warylng  gravitoinertial  force
buckground [English}

Dizs P, Lackner J R (Ashton Qrayblel Spatial
Orivntation Lab., Brandeis Unlv., Waltham, Muss,
02254.)

olst Annual Stientific Meeting of the Aerospace
Medical Assovlation, New Orleans, Lunisiana, USA,
M:ay 13-17, 1990, Aviat Space Environ Med 61 (5)
1990, 449

Eviluation of vestibulo-ocular reflex vor parameters
necording to motion slckness sincepilbility [Bngllnhl
Spitzer O, Doweck 1, Gordon C R, Shupak A, Gadol
h} (Motlon Slekness Human Performance Lab., leracli
Nuval Hyperbaric Inst., Haifa, lerael.)
6lst Annual Scientific Meetlng of the Aerospace
Medical Assoctation, New Orleans, Louisiana, USA,
ﬁ% I:BIO 7, 1990, Aviat Space Environ Med 6l (8)

Salivary protelns as correlates of motlon sicknes
luuepubllltdy. An electrot'homle nnnliy(m (Enbllah]
Macdonald 8, Igurashi M, Henley C M, Kohl R (Univ
Spaco Res. Astociation, Hourton, Tex. 77058,)
6lst Annual Sciemiific Meeting of the Aerospace
Medical Assoclation, New Orleans, Louisiana, USA,
.r’a’yo 1570.17 7. 1990. Aviat Space Environ Med §1 (5)

Clinkeal lt&d{ of the mechanism of motion sickness (2).
Statistical investigation of susceptibility from
answers to questionnalre {Japaness, English)

Pujits N. (Japan)
Equliih. Res. A7 (4) 1988, ppd03-409

Aerobic fitness and susceptibility to motion alekneas,

JBn, lllc,

Blnts R, Ridley WC, MceHugh I, Qrimett ID,
Ouedrg FB

Aviat Space Environ Med 38§ (2)Peh 1987, pp10S-8

Prediction of the ncldence of motlon sickness from the
magnitude, frequency, and duration of vertieal
osclilatlon, (Engllsh)

Lawther A, Oriffin MJ (institwe of Sound and
Vibration Rewoursh, The Univemlty, Southampton,
United Kingdom.)

J Avoust Soe Am 82 (3)3ep 1987, pp957-66

Relinbility of provocative tests of mution slekness
susceptibliity, (Bnillnhl
Calkins DS, Reschke MP, Kennedy RS, Dunlop WP
(Spave Blomedicn! Rexearch Inatitite, NASA/Idhhison
Spave Center, Houston, TX 77058,)

Aviat S‘muv Bnviron Med S8 (0 Pt 2)8up 1987,
1pAS0-

The une of the luglatle model In spuce motlon sickness
redletion, (En Ilum
In KK, Roschke MF (Krug Internationsl, Houston,
TX 77058.)
Aviar Sjpaue Environ Med 38 (9 P 2)8cp 1987,
PpA9-1

Comparlson of aerobl fitness and space motlon sickness
uring the shuitle program. [English|

Jennings RT, Davii JR, Santy PA (NASA/Juhnson

3%;'% Center, Flight Medieing Clinle, Houston, Texas

)
Aviat Space Environ Med 39 (S)Muy 1988, ppddB-81

The role of motion sickness In predicting satictpatory
nausew, |[English)
Leventhal H, Euulcrllnr DV, Nerenz DR, Love RR
(Depurtnient nf Paychology, Univerity of Wisconaln,
M:disor §3706.)
J . shav Med L] (2)Apr 1988, ppl17-30

Motion vickness und anxlety, |English]
Pox 8, Arnon | (Deparitnent of Peyohology, Barsllan
Utiiversily, Ruinat-Can, l-ml.g
Aviat Space Environ Med 39 (8)Aup 1988, pp728-33




Veatibulo-oculur reflex as a parumeter of seasicknen
sunceptibility. [English)
Shupak A, Kerem D, dordon C, Spitzer O,
Mendelowitz N, Melsmed ¥ (Dapt of Otolaryngology,
Carmel Lady Davia Hospital, Haif, larael.)
Au{unt)éal hinol Laryngo! 99 (2 Pt 1)Pel, 1990,
pplal-

Motlon sickness suscepiibllily and serobic fitness: a
longitudinal study. [Bnglish)
Cheung BS, Money KB, Jacobs | (Defsnce and Civil
fasthute of Environmental Modisine, Downsview,
Ont., Canada.)
Aviat Space Environ Med g1 (3)Mar 1990, pp201-4

[Correlation of vertlonl optokinetie nystagmus and
sunceptibliity to motion slekness In man] lastedovanls
veaimoaviazi  vertikal'nogo oﬁmklmlluhukogu
nistagma | podverzhennastl cheloveku  bolezn
dvizhonila, [Ruasian)

Vorab'ov OA, Zarilskiin VV, Krylov luV
Kosin Biol Aviakosm Med 24 (1))an-Feb 1990, pp50-2

Motion slckness susceptibllity und the utllisation of
v!l!aual} :Ind otolithie Information for orientation,
nglixl
nr?ﬂny L (Dedummunl of Audlology, Univeenity of
Southampton, UK\
Bur Arch Otorhinolaryngol 347 (5) 1990, ppa00-4

The effeets of fxatlon and resteieted visnad fleld on
vection-induced motion slekness, [English)
Storn RM, Hu 8, Andernon RB, Lelbowitz HW, Koch
KL, (Department of Pugeholnuy. Ponn Stats University,
Unlversity Park 16802,)
Aviat Space Bnviron Meéd g (B)Aug 1990, pp712-8

7. General reviews

1luman factors in the nuval environment; a review of
motion sicknesy und blodynamile problems [English)
Colwell, J. L. (Dofonce Resoarch Balablishment
Atlantio, Dartmouth (Nova Scatia).) DREA-TM-89/220
AD-A214 733/8/XAB Sop 89, T0p

Motlon sickness: A study of lts etlology and a statistical
analysls [English]
Millar, Rober D. (Alr Porce lnat, of Tech,,
Wiight-Patiersnn AFB, Ohiv.)
AL A 177786, AFIT/GCS/ENUG/RED-2

Mutlon und space sicknesy anll-h Translation)
Iy, N.  (Joint Publicutions Rewcarch Survice,
Arlington, VA.)
NX8-(2510/9/XA8 24 Aug 87, }p

Mothn sickness: cun (& be controlled? [Bnglish
Carmnma, D, (Nutlonal Aeronaution and  Spuce
Adminlstration, Molfult Pield, CA. Amos Roscarch

Center.)
N8§-18381/8/XAB Sep 88, 3p

H-9

Niuusen and vomiting [Bnglish)

Peliman M (Univ. Tex, Southwestern Mud, Soh.
Dallas, Dallas, Tox.)

Sleiseriger, M. H and 1, 8 Fordiran (ed).
Gastrointestinal Disease; Fathaplky:lolngy, Diagnosis,
Managemeni, Foarth Ediion. Xiv+2027p. W, B,
Saunders Co.. Philadelphla, Pennsylvania, USA,
London, England, UK. llluy, ISBN 0-7216-2078-7.
1989, 222-238

Motion sickness iitd space motion sickness [Japanans]
Matsunaga T, Takeda N (Osaks Univ, Med, Soh.)
Practica Otnlogica Kyoio §) (%) 198, 1095-1120

Motlon alckness and its importaace in the arned forces
[Turkish, English
Colik 8. "Turl ﬂ)
Bull, Guinane Mil. Med. Acad, 33 (4) 1987, pp905.917

Sew, cur and sl slekuess [Pronch)
Broite M. D, Tran Ba Huy P, (PFrance)
Gue. Med. 36 (3) 1989, pp29-32

{Mution  sickness or kinetosia] Mal de transponts ou
elnetnnes [French]
Rerrin CI, (Francs)
Concours Med, 112 (18) 1990, ppl1660-1664

|Kinetosla] [Serboeroatian, Baglish]
Murr @, Kostelle B, Murr R, (Yugoslovia)
Medicing (Yugoslavia) 26 (1) 1999, pp28-31

[Muglm nlaknml A muozgnabetogseg, (Hungurion, Brglish|
do
Orv Hetid 129 (37)Sop 11 1988, ppiossy

[Motion lhknu&l Bowuglnguzivkie. [Duteh|
Qustorveld Wi
Ned Tljdschr Genveskd 13 (49)Dec 9 1§49, pp2430-3

[Motion  slckness--cuuses, aymptous, theeapy)
Kinetosen-Ursunhen, Symptomatik, Theraple, [Gertnan|
von Baumgaren R, Reteer !

Veri Disch Ges Inn Med 351989, pp593-7

M()ﬂ't’lln commotion-+u seasickness update, [English)
ngres
J R Nav Med Serv 78 (2)Summer 1985, pp?8.84

Motion sieknesst @ aynthesls and evaluation of the
sensory canfliet theory, [Englishi
Oman CM (Mun Yehicls Laboratoty, Mussuchusetts
Inatitute of Teohnology, Cambridge 02139.)
Can J Physiul Pharmacol §8 (2)Feb 1990, pp294.303

8._Individual differences

Link between usymmetry of optokinetie nyma'l,nul.
tltgw:‘uhtllbulur and “vestibulovegetative  stubllity
nglis
Gtigorovk, V. K. (Joint Publioalions Ressarch Survics,
Arlington, Ya.)
In ity USSR Report Sﬁ:cn Biology and Aormrfacu
Medicine, VYol 20, 4, M’% - Jun, 1986
(PRS-USB-86-005) p 58-61 (SEE N87-20731 13-52)
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A motin  sickneus Rre’.‘ktlon model a-d  system
description [English}
Harlle, Dara R. (Al Foroe inst of "ech,
Wright-Pattetson ARB, Ohio.)
AD-A177718: AFITHICS/ENQ/88D-3

The use af compraite Information fur the 9rediction of
motlon sickners [Erﬁlh
Lin K ., Reschlie M F (Space Biomed, Ren, ‘out,,
Johnsoo Space Cent,, Houston, T x, 77058,) * -
Annuai Scientifie Meating af ie Aerospary Medical
Associutl v, Las Vegas, Nevadu, USA, May 10-14,
1597, Aviat Space Bnviron Med 38 (5) 1087, 504

\'rwd\getlon h?' susceptibllity to space motlon sicknesy

aglls
['Inmlck. L., Reschke M B, Yanderploeg J M (Med,
gg’ldql:h-.. NASA, Johnson Spaes Cont,, Hounton, Tex,
18.)
Grakam, M D Amt Komink J L (eds. The Vesibular
Systom: Newrophysiologle sAnd  Clinleal  Research;
hirteentis M eeiing of the Barany Suciety, Ant Arbor,
Michigan, USA, May 21-34, 14 43, xvill+669p, Raven
Press: New York,” New York, USA. MNius. ISBN
-88167-206-8. 1987, 39-50

Indidunl differences in antonomie responding to
niotion vekness sthmulation [English)
Cowings ¥ 8, Nalfeh K H, Toscuno W B
NASA-A:nex Ree, Cent.)
Sth  Annual  Meetlr  of  the Suuh? Jor
‘I;.v)yu.’;gphy:};loglcal Rese.crch. Pyyehophysiology 38
‘ +

Prellmlcury investigution of cardiovasculur responses to
E?“n'?“ﬂf fight in sick aml nonewlek Individunls
ngliy
awrm D L, Resshk*M F (8pucs Biomed, Rex, Inat,,
NASA Johnion Spuse Cent,, Hounton, Tex. 77058.)
Annual Scieniific Meeting of the Aerospace Medival
Association, Washingion, D.C., USA, May 7-11, 1949,
Aviat Space Enviran Med §Q \5) 1989, 492

Aumnn varopressin  AVP  and  udrenocortleotropin
AC responnes  to  stressful wensory Input.
lgdhﬂdhu]nl differences und uduptive responses

il

ohl R L, Calkins D 8 (Univ. Space Ren, Avsovintion,
Space Blomed, Row. lnst., Johnuon Spuce Cent,, Natl,
Acronaulics and Spuce Auminintration, Houaton, T'ex.
77058.)
19th Annual Meeting of the Soclety fur Neuroscience,
Phoenls, Aritona, USA, October 29-November 3,
1949, Sue Neuroscl Abstr 13 (1) 1989, 272

A survey of the ocourvence of motion slchness umong
asmengers at sen [Bnglivh)
awther A, Qriffin M J (Inxt. Sound Vibrallon Rew.,
Human Factors Res. Unit, Univ,, Southampton 809
SNH, Bn*lund.)
Aviation Space and Environmental Medicine 39 (8)
1988, 399-408

Clinleal lt\ld{ of the mechanlsm of motlon skckoess (2),
Statisticnl Ilnvestigation of susceptibillty from
answers to questionnaire [Japancss, Baglinh)

Fujita N. (Jupat)
Equilib. Rey. 47 (4) 1988, pp403-409

Rellabllity of provocative testy of motlon sickney
susceptibllity, [Englinh]
Calkins DS, Reaclike MF, Kennedy RS, Dunlop WP
(3pace Blomedical Rescarch Institute, NASA/Johnon
Spnce Conter, Houston, TX 77058.)
Alea; Space Environ Med 38 (3 Pt 2)8cp 1987,
p

Cerebrospinal fMuid constituents of cat vary with
lumptlhlll_? to motion alckness, waglluh]
Lucot' JB, Crampton GH, Matron Gamache PH
(Depariment  of  Pharmacology, Wright Siate
University, Dayton, OH 45435.)

Life Sci 44 (18) 1989, pp1239-48

Veutibulo-ocular reflex mn a parameter of seasickness
susceptlbility, Hnglluh&
Shupak A, Kersm D, Gordon C, Spitzer O,
Mendolowitz N, Melamed Y (De;‘ﬂ of Otolaryngology,
Carmel Ludy Davis Houpltal, Haifn, Inrael.)
M;'Jlal‘io’ hinol Laryngol 33 (2 P 1)Feb 1990,
ppol-

Ne m&ﬁs&ummmmmm
Effect of macylar ablution on freyuency and lateney of
'go"(l’inl.x‘]ndu“d emenly In the sgulrrel monkey
nalls
rlnlmu. Kenneth R, garashi, Makole (Tulune Unly.,
Covinglon, La.)
Aviatlon, Space, and Environmental Medicine (1SSN
0095-6562), val, 57, Nov. 1946, p. 1066-1070.

Possible role of bruln stem resplratory neurons In
f'é"d'ﬂ'rlﬁ" vomlting during space motlon sickness,
nglin
Milior AD, ‘Tun LK (Rovkefellor Universily, Now
York, Now York 10021,)
Aviat Spave Bnviron Med $§ (9 Bt 2)Sep 1987,
ppA126-B

Ventibulursvisuai conflict in Elwh and yaw plunes in the
squirrel monkey (Englishj
Igaranhl, Mukolo, Kuleoz, Walter B., Kobuyashi,
wzuloyo, lago, Hidemitvu (Huylar Colt, of Medlcine,
Houston, Tex )
Aviation, Space, amd Envirenmental Medicine (ISSN
(K195-6562), val. 37, Nov, 1988, p. 107]-1074,

Dexumethusone mimics the unthaotion ylekness effects
of smphetamine and scopolumine [Englinh]
Kohl, Randall Les (National Asronaution und Space
Administration. Lyndon B. Johmwon Space Center,
Houston, Tex.)
Acta Astronautica (ISSN 0094-5785), vol. 13, Sept,
1988, p, $65-571,

Axoglinl contacts In the ares \mtumn of the cat « An
ultrustructural lludE an* lvh)
Damelio, Fernando B., Qibby, Michael A, Mehler,
Willlsm R., Philpott, Delbert B., Savags, Wayne
(National Aoronautios and SFIco Adminlstration. Amen
Ressarch Center, Moifolt Fisld, Calif)
Anatomical Record (ISSN 0003-276X), vol. 215, 1946,
P 407-412,
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Interlabyrinthineasymmetry, vestibular dysfunction and
space motlon sickness [gnglllh]
otgiladze, Q. 1., Samarin, G. 1., Bryanov, 1. 1. (Jolnt
Publications Resenrch Service, Arlington, Va.)
In its USSR Report: Sﬁan Blolffy ard Aerospace
Medivine, Vol 20, No. $, % - Jun, 946
(/PRS-USB-86.005) p 21-38 (SEE N87-20731 13-52)

Chembcal sensitivily of medial vestibulur nuclear
neurons to enkephaling, acetylcholine, GADA and
Leglutamate [Bnglish]
Yusnetsov, .V, V., Prvdivisev, V. A. (Juint
Publioations Rexcaroh Servive, Arlington, Va.)
In ltx USSR Report: 'Sfuﬂ Blology and Aerospace
Madicine, Volume 20, No. 5, September - October 1946

F] p 75-8! (SEE N87-23120 16-52}

Pharmucologicnl correction of central nervous system
functlo during exposure to corlolls uccolerntions

Bn{llnh]

arkishchenko, N. N, Dimitriadi, N, A,
Molchanovakly, V. V. (oint Publications Rerenrch
Servive, Arlington, Vus)

In ity USSR Report: Space Bloiogy and Aerospace
Muedicine, Yolume 20, No. 5 September - Octnber 1986
p 42-85 (SEE N47-23120 16-52)

nlcknesa [English
Miller, Alan D, {Rockeiciler Univ.,, Now York
NASA-CR-181185; NAS 1.26:181 18

Yeatibulur I(I(Gm and neursl correlutes of motlon

A neumphnrmucohrknl uppreach to space motlon
slckneas [English
Guell, Anlonlo
1AF, International  Astronauneel  Congresy, 381,
Brighton, England, Oct. 1017, 1287, 6 p.

Explratory muscle control during vomiting - Role of
brain stem explrnturl neurons Bm;lhnhtJ
Miller, A. D., Tan, L.

York.)
IN:! Respiratory muscles and thely neramotor control,
New York, Alan R. Lirs, Inc., 1987, p. 453458,

K. (Rockefuller Univ., New

Serotonergie mechanisms in emesiy [English]
Lucot, J. B,, Crampton, G. H. (Wright State Unlv.,
Dayton, OH.)
IN: Buvic urid appiied aspects of vestibular funciion,
5[0;:;5 IAl’on,. Hong Kong Unmiversity Press, 1948, p.
07-111.

A vepsiral analysls of EEG (Elextroencephalographic)
gnals In motion skckness stndles Bnnlluhfl
Smith, Russel B. (Alr Foree lnut. of ‘Tech,,
Wright-Patleraon AFB, OH.)
AD-A215663; AFIT/GSO/ENG/39D-1

[Phurmacologleal induction of nwotion slckness In the
Rhesun tionkey, (Preliminary Studies)] tnduction
pharmaculogique du syndrome emetique chew e
macague Rhesun (Btude Preliminuire) {French)
Boulllon ). N, . Mithwud, €, , Lugarde, D. ,
Florenve, G, (Centie d'Rludes v de Recherchon de
Medesine Acrospatiale, Parin (France). Dlv, de
Nuuin 1hy;|ol%l‘u Appliques.) CERMA-R3/12
PBEY-210777/XAB Aug B8, 83p

B-11

Histamine el and H-2 mechanlsms muy modulate
motion sickness development (English]
Lewis M R, Oallngl_l,m ) P, Nakamura 3, Kohl R L
(USRA Div. Space Biomed,, Houston Tx ’7705!.)
Annual Scieniffic Meeting of the Aerospace Medical
Assoclation, Las Vegas, Nevaia, USA, May 10-14,
1987. Aviat Space Environ Med 3§ (5) 1987, 492

Effect of lidocalne and tocalnile on vertlgo nnusen
nystagmus and voluntary eye wovements [Englivh)
Pyykko I, Padnan S, Lyttkens M, Magnuison M,
Schulon L (Inst, Occupational Heakh, Hulinki,
Flnland)

Graham, M. D, and J. L. Kemink (ed.). The Vestibular
%‘mm: Neuraphyviologle and Clinleal  Research,

irteenih Meeting uf the Barany Society, Ann Arbor,
Michigun, USA, Muy 2)-24, 1985, xvili+669p, Ruven
Press New Vark, New York, USd, lllus. 1SBN
0-88167-206-8. 1987, 235.242

Nistaminergle  projection  from  the  posterior
hypothalamus to the medial vestibuiar nueleus of
rata and s relation to motion slekiness [Hngllnh]
Takeda N, Morita M, Kubo T, Yamatodani A,
Watanabe T, Tohyuma M, Wads  H, Matsunaga T
(Dep, Owlaryngol, Osahy Unlv,  Sch, Mwl,
Rukushima-Ku, Osnka 553, Jpn.z
Graham, M. L and J, L., Kemink (ed.), The Vestihular

stem: Newophysiaiople and  Clinical  Research;

hirtvestic Meeting of the Darany Socivey, Ann Ardor,
Michigan, USA. May 21-24, 1985, xvili +66%p. Raven
Prexs: New York,” New York, USA, IHuy, ISON
(.88162.206.8, {987, 871.580

Nevrohumoral smiechuulsm of space motion sicknesy
|Englinh}
Qrigoriov A 1, E;orov A [, Nichiporuk 1 A (st
Hinmedioal Prablens, Moscow, USSR.)
Selected Papers from a Svipostum on Spac : Life
Sctenvey Held at’the 321h Invernational Astroaautical
Federatlon Congress, Innshryck, Austria. Oclober 4:11,
1688, Acta Astranau |7 (2) 1982 167-177

[Protective effect of some peptides aguinst niotlon
sleknoss in anlmals) |Runsian]
Yaanewov V V, Drozd Yu V, Shashkov V 8, Bagin
B O, Popkova BV, Vabishchevich A V
Kosmicheskaya  Blologiya §  Aviakosmicheskaya
Meditsing 23 (2) 1988. 72-73

R-)lel Ef hlllagumlne In motion slekness of Suncus-murinus

nghian

Mnlﬁuki N, Kaji T, Ueno 8, Saito H (Dep. Chem.
Phurmacol., Fac, Pharmacoutieal Sel., Unly. Tokyo,
Tokyo 113, Jpn,)
Annual Sulen‘lylv Meeting )’ the Aeroxpace Medical
Assoviaon, Washingion, D.C., USA, May 7-11, 1989,
Aviat Space Environ Med 6Q (5) 1989, 492

Hraln blogeuie amines and metabolites In cats exposed
to cross~coupled motion durlng the durk phase of 4
light-dark cycle |English]

Owasoya J O, Tei B B, Lickisig D L, Newpord G,
Wulker C A (Univ. Arkanuas ut Pine P'ulf, Pine Bluff,
Arkunwun, USA,)

Xixth International Conference qf the International
Socicl}y({ur Chronoblology, Bethexda, Maryland, USA,
June 20-24, 1989, Chronohlologla 1§ (2) 1989, 167
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Anmigesic and beta endorphin (BE) responses to
motionssickness In menosodium glatamatetreated
rats [Bnglivh]

Seallet A C, Wilson 8, Rountres R L, Henry W Jr,
Anrrews A, Walker C A (Null. Cent, Toxloo). Row,,
Jefferson, Arizona 72079-9502.)

19th Annial Meeting ¢s[ the Soclety for Neurasc! nce,
Phoentx, Arizona, USA, October’ 49-November 3,
1989, Soc Neuroscl Abstr \311) 1989 816

Ru-24968 induced etmenls in the cat S:117-1 slte other
g;unnsglllT-M SHT-IB or S HT-1C implicated
nglin
LucolJ B (Dep. Pharmacol., Wright State Univ., 060
Fawg, Dayton, Ohio 45438, USA.)
15:‘:?(;3” Journal of Pharmacology 189 (2-3) 1990,

Effects of serotonin antagonists on motlon sickness and
ita suppression by § hyAroxy-DPAT in cats lEnniw
Luocot J Fi (Wright Stute Univ., Dop. Pharmageol,,
Pawe, Dayton, Ohio 45438.)
f"g’é’;‘."‘""ﬁ" Biochernlsiry and Behavior 31 (2) 1980,

[Neurophurmncomw of the vestibulovegetutive
u{ndrouu {YYS)] [Russian, English]
Shashkov V8., Yasnstiov V.V,, Drond YuVv.,
Ke-sanova $ K., Tigranyan R.A, rUSNP)
Favmakol, Tokstkol. $1 (2) 198k, ppa0.-36

[Vestibuloprotective properties of sotie regulatory
)aptldes] (Runsicn, Boglivh|
rozd U,V,, Yasnetrov V.V, Shanhkov V.8, (USSR)
Byull. Eksp, Biol. Med. 103 (7) 1988, pp30-52

Neunropeptide modulution of central vestibulae elreults

nglish
nlghnn C.D., Sturcuvic V.P., Suvern W B, (USA)
Pharmacel Rev, 4] (1) 1989, pp53-90

[Condition of cell miembrunes during slmulated motlon
g:kkﬂ'm and use of slphastocopherol] [Rusalan,
NELUN
Pui?o V.M., Drozd Yu.V. (USSR)
Farmakol, Tokstkol, 83 (5) 1990, ppd7-48

Catecholuminergle responses to rotational stresy i rat
brain stem: Tmplications for amphetsmine therapy
of motion slekness [Englinh]

Takeda N., Morita M., Yamuakedani A., Wada H.,
Matsunaga T, (.InEun)

Aviat,  Space  E-viron.  Med, 6 (11) 1990,
pp1018-1021

Asymmetrie otolith function and incresved luncelmhlllly
to mothin alekness during exposure to v. rlations in
t:uvltolnerthl accelerntion level, [Enpli -]

ckner JR, Orl)rblol A, Johnson WH, Money KE
Aviat Space Environ Med 58 (Diul 1987, ppb52-7

Muchanisin of antimotion sickness druru. |English
Waod CD, Manno JE, Wond MI, Muanno BR,
Redetzki HM (Loulsiana Stats University Medical
Center, Department of Pharmacology  and
Therapouties, Shreveport 71130.)

Aviat Space Environ Ml 58 (9 B 2)S¢p 1987,
PpA262-5

{Importance of phase anynchrony of sensory signaly in
the mechr :luus of develogrent of motion slekness)
Znachenic fazovogo rascoglanovaniin  sensornykh
n:tunulov v mekhanizmakh ruzvitila ukachivaniia,
L ussian, Bnglish]

rob'ev OA
Ity Akad Nk SSSR [biolf $)8op-(ict 1987, vp753-61

Differentiation of muscarinke cholinerghc receptor
subtypes in human cortex aqd ponw !nplications
foe antl-motion siokness thesapy. [Eng:'nﬂ
MeCanrhy BU. Peroutka 8I {Departmont >f Nuurology,
Stanford University Medical Center, CA 94302.)
Aviar Space Enviros Med §0 (1)Ian 1988, pp6)-6

lornional status and fluid electiolyte metabollsm in
motion sickness, (Faglinh
Urigoriev Al, Nichl; oruk (A, Yasnetsov VV, Shashkov
V8 (Institute of Bicmadiesl Problems, Ministey of
Health, Mascow, USSR.)
Aviat Space Environ Med 59 (4)A )r 1988, ppdoi-8

Histamlne  and  reluted  substances  Influence
neuroteansmisslon in  the  sewmlelrcular  canal,
[English)

Housley GD, Noprls CH, Quth PS (Depunriment f
Pharmacology, Tulane University Sohonl of Mediuine,
Now Orleans, Louisiana 70112.)

Hear Res 35 (1)Sep | 1988, 8797

| 'he role of chollnergle mechanisms in altering the
functional activity of the rabhit brain during motion
skekness) U roli kholinergicheskikh mokhunizmov v
{zmenen| funkisional'nod aktivoos:t mozga keollkoy pri
uknohivenil. [Runslan]
Makslmuk VPR, Skoromnyl NA
Fiziol Zh 8SSR 74 (8)Auy 1988, ppl1109-19

[Effect of dimephosphon on the blood circulation and
oxygen tenslon in the braln of normal waking
ruhbits and in motlon alckness) Viiianke dimefonfona
na  krovoobrashohenle | naprinzhenis kirlorodn v
r;olnvnom nozge bodrvuiushehikh krolikov v norme

pri ukachivanil, [Russinn, Englian}
Beketov Al, Skorornyl NA
Faomakal Tokstko! §1 (3)Sep-Oct [V8R, ppds-8

Is the noradrenergic neuron s*n‘.vm in the braln stem
relited to notion slekness kn rats? [Boglish)
Takedu N, Morila M, Kubo T, Yamatodani A, Wada
H, Matkunagn T (Depatinent of Otoluryngolugy,
Onaka University Suhuu\ ol Mudicine, Jupun.)

Adv Oturhinolaryngol 421988, pp234.7

Role of the area postren « in three putative mensures of
motlon siekness In the rat, [(Engtiah]
Sultun RL, Fox RA, Daunton NG (Depuriment of
P;s{gl;ulnﬂy. San Jowe State Universily, Culifornia

93192.)
Behav Neural Biol §Q (2)Sep 1988, ppl33-52

[Peeimenbllity of the bloodshraln barrier In modeling
motlon sichness] Pronlissemuont’
gematocntsefalichonkogo bur'era pri modulirovant]
bulezni dvizhenils, [Runsian}

Drozd fuV, Puke YM, Riumin lul
Kosm Blol Avickosn Med 33 (2)Mar-Apt 1989, pBB
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i 2 ‘
. : The el‘fm on mo!ion sickntus and oculomotor function Optokinetlc and vestibulo-ocular reflex responses to an i I
! of GR 38032F, a !-II'I‘J rne“tor antagonlst with unpredictable ltlmulm [English] !
lml-emetle propm n.r}Bnnl k Peterka, Robert 1., Black, F, Owen, Schoenhoff,
) - Stott JR, Barnea GR ght RJ, Ruddock CI (R,A.F, Monika B, \Good s:mnrlun Hopltal and Medical
. i Inwti. e of Avistion = Medicine, Famborough, Canwer, Postiand, Ore
Hampshire,) ASA, Unlvmllm dce Research Associalion, |
Br J Clin Pharmatol 22 (2)Pcb 1989, pp147-57 aylor Universlyy, and international Academy of i
Astronautics, Inernational Man in Space srympmlum. i
7th, Houwston, TX, Feb, 10-13, lPMﬁAvlal on, Space, : :
Biockade of 8- hydroxyu'ypumlna! receptors prevents and  Environmental Medicine (Sopt) 1987 : :
ehplut n-induced  but not motlon- or rpA180-A18S, . ;
xylazl ne-lnducod emesls in the eat, [English] ;
Lucot JB (Wright State umvmuy. Department of '
Pharmacology, Dayton, OH 45438.) [The significance of the phave mbimatch of sensory
Phurmacol Blochem Dehav:z(l)lun 1989, pp207-10 signals In_ mechanisms  of  motlon-slckness
development] Znachenle Fazavogo Rassoglasovaniia
Sommornykh Signalov v Mekhanlzmakh  Raxvitiia
Neutochemieal mechunlsms of motlon slekaess, (Bnglish) Ukuhlvunlln (Ruulnnl
Tukedn N, Morita M, Hosegawa 8, Kuho T, Vorob'e “
Matsunega T (Department or Otoluryngulugy, Onaka Akadamlla Ntmk SSSR, leventiia, Serita Bivlogicheskald
University Medical Sohaol, Japan,) (183N 0002:3329), Sepi,-Oct, 1987, p. 758-761,
Am J Ololaryngol 19 (5)8ep-Out 1989, npdSi-9
Control of ubdominal and explratory lnlercmtnl muscle
[lhe eftect of ptr.rldnxlne on the cerehral hemodynamics activity during vomiting - Role of veatral
in vestihular dl.wrderll Vliinal- plridoksina na respiratory group ex lmnry neurons lEn.Elhhl
txerebral’nuly somod inamiku prl vautibulinenvkh Miller, Alan D, K., Suzuki, lehiro
rnmromvnkh ( usslan, Bnglish) (Rm.kel‘ollcr Uhiv., Nuw 9 &?
Skortomn, y Jouraal of Neurophysio nnﬂs N 0022-3077), vol. 57,
Farmakol Toksikol 53 (6)Nov-Des 1989, ppdd-8 June 1987, p. 1854-1%6
Rule of chollncrﬂ mechuanlams in ulterations of rahblt Innervation of periesophugeal reglon of cug's dluphur
Ili'l :h functional activity durlng  rea-sickness, -BI lIk'm n (or studles of control of vomlting
nglish nglish)
nknlmuk VR, Skoromnyl NA (1. M. Suchenov In. . K.y Miller, A, D, (Rovkefoller Univ., New
Inntitute of Evolutionsry Phynlnlu%y and Bircliomistry, Yurk.)
Acadumy of Sclen ex of the USSR, Loningrad.) Newroselence Letters (ISSN 0304-3940), vol. 68, 1986,
Neurasel Behav Physiol 20 (I)J:m-Feh 1990, ppic-45 P $39-344,
Iiffects of uathchollnergle and chollnerglc drugs on Human factors In the nuval environment: & review of
habituation to motlon in vats, [Englls motlen ulckm-u and hindynumie problen [Bnglish|
Morite M, Tekede N, Husogawa 8, Yamntodan| Colwell, J. L. (Defence Reweurch Batublishmont
A, Wada H, Sakni s. Kubo T, Mnlnunagu T Allantle, Darmouth (Nova Scotia).) DREA-TM-89/220
{Department of Otulnrynunlony. Onukn Univeraity AD-A214 733/8/XAB Scp 89, T0p
Sohool of Medicine, Jupun )
Azia Otolaryngol rSIm.kh) 140 (3-4)Sup-Oct 1990,
Pp196-202 Role of orientation reference selection In muotlon
nklmm. bup}tlﬂnmt a8 [Bnglhhl
Poterks, \ . O (Cood Snmwritun
Iormonal changes ufter Furuhnlle flight: Imglleuinm Hn-plml and Medizal denu.r, Punlnnd. OR.) NAS
on the development of motion sickness, [English] 26: 181303 NASA-CR-1
Drumier C, “Stromeyer H, Riepl RL, Konlg A, NR? IO49I77XAR Ocl 67, mp
Strollo B, Lak RE, Muasy H, Rockor L, Qurzer R
(Mediziniehe Klinlk lnnunnmdl Universitat Munshen,
FRQ.) Nignificunce of sensory slgnal phase mismuich in
A;lm Spuw Environ Med &1 9 B [)8ep (990, mechanbomy  of wotion  sleknesy  develspment
pp82 (Ahatract ()nlx) lhnfglluh Tranalution)
vnruhyuv 0. A, (Joint Publivations Research Serviee,
Arlinglon, VA,) ‘
NAR-267R7/7/XAB 10 Jun 88, 1p
10, Mechanisms: General
Link between saymmetry of optokinetie nystugmus, Role of orlentation reference selection In mothm
o mvwlbuhry whd ’mum?mmmuw’ wtbility sleknesn, Sﬂnlunuuul SWN “P‘"‘t é 5"
{Euglich] Poanal i Moglot) S m for oR ) *RAs
rigorove, ¥, K. (Joint Publigations Research Service, oy an eal Cen ur. sitland,
Arl ngton, Va,) ¢ I | 1.26:184609; NASA-CR-1 846!
In iy USSR Roporr Space Bln ; and Aorrupmv NES-18513/9/XAB Deo BY. 521’
Medlcine, Vol o0, -~ Jun.

(JPRS-U38B-86- CY)J' 8-6 875 0711 H 53‘

¢ v ) v 3881 (SM - ) Sensury conflict In motion sleknesn: an obwerver theory
spproach (English)
Oinan, €. M. (Massuchuseits Ingt. of Teoh.,
Cambridye.)
NVO-22937/8/%A8 Jul 89, 15p
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Neuropsychiatrle  observations of  proprioceptive
sensitivity in motlon sickness wusceptibility, ‘The
forgotten third factor [Enxliuhl
Patt J O L, Salomon A A, Buistroschi R L (lnat,
Acrospace Med,, Bienos Alres, Argentina.)

Annual Sclentific Meeting of the Aerospave Madical
Asvociation, Lay Vegas, Nevada, USA, May 10-14,
1987, Aviat Space Envicon Med 38 (5) 1987, 492

The use of composite Informution for the prediction of
motion sickness [English]
Lin X K, Rotohke M F (Space Biomed. Ren, Inat.,
Johnwon Spacs Cent., Houston, Tex, 77058,)
Annual Sclentific Meeling af the Aerospace Medical
Assoviation, Lay Vegas, Nevadu, USA, May 10+14,
1987, Aviat Space Environ Med 38 (5) 1987, 504

lsoperiormiance nnpllcntlnn of a system engineerin
model for motlon sicknean and other environmental
streanors [English|
Baltzloy D R, Keninedy R 8, Jonca M B (Busex Cotp.,
1040 Woodoock Rd., Sulte 227, Orlando, Fla, 32803.)

Annual Scientift: Meeling of the Aerospave Medival
Axsociatlon, Washington, D,C., USA, May 7.11, 1989,
Aviat Spuce Environ Med 89 (5) 1989, 479

Mation sickneas and motor strategy [Bn Iilh!
Watt D G D, Nevo I, Yung T\ Smith A V (Asroapuce

Wg Res, Unit, McGill Univ,, Montreal, Can, H1Q

)
19t Annual Movting af ihe Society for Neurosclence,
Phoenlx, Aritona, USA, Ucloher 29-November 3,
1909, Soc Neurosci Absir 15 (1) 1989, 816

Euting suppresses mntion sicknens, The relatlonships
among vagal activity electrogastrogruin and wotion
sickness [Bnglioh)

Uuulchuu; H J, Storn R M, Kooh K L (Dep.
{:aychhl.. ennsylvania State Univ., Unlvoruity Park,

LY]

Abstructs of Papers Submitivd to  the  American
Association for the Siudy of Liver Diseases for the 914t
Annnal Meating of the American Gustroenterologival
Assaclation, Sunt Antonls, Texas, USA, Muy 12-18,
1990, Gavtraenterology 88 (5 Pari ) 1990, yAST0

Motlon sickness in guinea-plas. Learned food aversion

(LFA) induced by slnusoidal  linear  vertical
dixplacement Lﬂném'hl
Li G, Wilpleeski C R, Lowry L D (Dep. Otolaryngnl.,
Jofforyon Med, Coll,, Philudelphia, Pu. 12107.)
8181 Annual Scientific Mreting of the derospace
Medical Association, New Orleany,” Lowiviana, USA.
hauy '59627. 1990, Aviat Spuce Environ Med 6] (3)
1990,

Muiton slckness leverlt{‘ under interactions of veetion
und head movements [Bnglish]
Yang T, Pel J, Howard I, P (Humun Performancs
Lab., Inst, Space and  Terrostrial Sci., 103
Prrgubianion Bldg,, Yool Undv., North York, Ont.,
Con. M31 1P
6.1 Annual Scientific Mesting of the Aern.\{mve
Medival Association, New Orlenns, Lusisiann, [1SA,
%% Igalsi'. 1990, Aviat Space Environ Med ¢} (%)

Canditloned taste averson In  humans  usln
motion-induced sickness as the US nuuseogen
experience [Enn‘I(llh]

Arwas 8, Rolnick A, Lubow R W (Der. Payohol., Tel
Aviv Univ,, 69978 Ramat Aviv, Inrael.)
Behaviour Research and Therapy 21 (3) 1989, 298-302

[Phase correlations of cupular and otollth reactions and
thelr Interaction In the development of motion
sickness] (Runsian)

Vorob'sv O A, Perel'man A |
Izvestlya Akademii Nauk SSSR Seriya Blologicheskays
(1) 1989, 19.23

The vestibulo-ocular reflex and ita possible enles In
space motion slekneun, [anlluhl
at DG (Dept. of Physiclogy, MeGlll Univeraity,
Montreal, Qu Ni'CInAd:J
Aviat Space Environ Med §3 (9 Pt 2)8ep 1987,
ppA170-4

Role of otolith endorgana in  the geness of
vestibularsvisual conflict sickness ﬁplmh) In the

squirrel monke Sﬂm rfénﬂ). [English)

:grulhl M, Himl T, Kulesz WH, Kobuysshi K

Communleative Svioncos, Baylor Cullege of
Houaton, Texas 77030,)

Aviat Space Environ Med 88 (9 PL 2)Sep 1987,
ppA207-11

Ing,

Mechanlsma of selective attention and spuce niotion
vickness, LI;!:\ liah)]
Kull RL ( W?Ilﬂn uf Spmes Medicine, NASA-Juhnson
3pnea Conter, Heustun, 'TX 77058,)
Aviut Space Environ Med 38 (1 1)Nov 1987, ppl130-2

The role of motlon sicknes In predicting anticipatory
nuunes. [English)
Loeventhal H, Eunwrllnr DV, Neronz DR, Love RR
(Department of Paychology. Universlty of Wikconaln,
Mudison $3706,)
J Behav Med (] (3)Apr 1938, ppl17-30

[Fhase correlution of cupulue and otolithle reactlons and
thelr interrelation with the development of motlon
sichness)  Fazovyw ootnonhehiin kupullumykh i
nlolitovykh reukixil | kb vzaimcaviez' o rasvitiem
vkuchivaniia, [Russlan]

Vosb'ey OA, Perel'man Al
ey kad Nauk SSSR [biol] un-Feb 1989, pp19.23

[Permeabllity of the blood-brain burrler I modeling
motion sickness] Pronitenemont’
wmatoentacfalichoskogo bur'ors  prl modelirovanii
holezni vizheniia, [Russian)

Drasd luV, Puko VM, Riumin ful
Kosm Blol Avigkosm Med 23 (D)Mar-Apr 1989, pB8

Motion slckiess: 4 synthesls and evalvation of the
sensory confliet thmr{. [English}
Oman CM (Mun Vehlsle Luboratory, Massachuneite
tnstitute of Toechnology, Cumbridge 02139.)
Can J Physiol Pharmacol §8 (2)Fcb 1990, ppl94-303

oparimant of Otorhinolar, ngo!n#(ymn and
]




{Correlation of vertical optokinetic aystagmus and
susceptibility to motion sickneas In man} lssledovanic
vzaimosviazi  vertikal'nogo cgmkln:lichukugo
nistagms | podverzhennosti  cheloveks  bolezni
dvizhentia. (Russian)

Vorob'ev OA, Zaritrknia VV, Krylov 1V
Kosm Biol Aviakosm Med 24 (1)Jan-Feb 1990, ppS0-2

The effects of flxation and restricted visual fleld on
vection-induced mothon sickness. (English
Stern RM, Hu 8, Anderson RB, Leibowitz HW, Koch
KL (Department of Peychology, Penn Stato University,
University Park 16802.)
Avigl Space Bnviron Med 1 (B)Aug 19%0, pp712-5

(Motlon sickneas: the resonance hyguthuh] Bolezn'
dvizhenils: rezanananain gipoteza. {Ruzwian}
Lychakov DV
Usp Figiol Nauk 21 (3)ul-Sep 1990, pp125-8

11._Physiclogical Effects

Effect of Vestibulue Stimulation or Static Physkcul
Work (,'upucux {English Translation)
Podshivalov, A, A.  (Joint Publicatians Research
Servioe, Arlington, VA
NB7.29100/1/XAB ¢1987, 4p

Changwy of skin potentint level and of skin resistance
lavel correponding (o Iasting motlon discomfort
tnglish]
wu, Naokl, Koo, Jiro, Takahashi, Nobuyuki
Aviation, Space, and Envirommental Medicine (ISSN
0095.6562), vol. 58, Feb, 1987, p. 116-142.

Eleetroderme!  astivity during wmotion  disromfort
1Bngliski]
Inu, Naoki, Takahushi, Nobuyuki, Koo, Jiro
IN: International Symposium on Space Technology and
Science, 15th, Tokyo, Japan, May 19-28, 1986
Proceedings, Volume ¢ (A87-32276 13-12). Tokyo,
AGNE Publishing, Inc., 1986, p. 2049-2054,

General autonomic components of motion  siekaess
{English}
Cowings, Putricia 8., Suler, Steve, Toscano, Willium
B., Kamiys, Joe, Nuifch, Karen (National Aeronautics
and Space Administration, Amevw Research Center,
Moaffeit Ficld, Calif.)
Psychaphysiulogy (ISSN 0048 .4772), vl 23, Svpi.
1986, p. 542-551.

Vestibular system and aeural correlates of motion
slekuesa [Englinh|
Miller, Alan D. (Rockefeller Univ., New York,)
NASA-CR-18%1185; NAS 1.26:18! 185

Follow up of the gustric ewptying (Gis) by ultrswounds
after a stress (rutating chalr) - Interest of this
method In space during xpace motlon lekness
{English}

Arbellle, Ph., Vilmalle, B., Patat, P, Putior, J. M.,
Pleskof, L.

fInternativnal  Union of Pnysluk:p;lra.‘ Sciences
Cominission on  Gravitationd” Physlology, Annwal
Mevting_ 9th, Nitra, Czechoslovakia, Sepr. 28-Oct, 2,
1987) Phys ~logist, Supplement (ISSN 0031-9374), vol.
31, Feb. k38, p. S48, 5.87.
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Serotonergic mechanlnms in emesls [English]
Lucat, J. B., Crampton, G. H. (Wright Staie Univ.,
Dayton, OH.)
IN? Bavic and applied aspects of vesibular funcilon.
Hogg llltuny. Hong Kong University Press, 1988, p.
107111,

Changes in cirendian rhythm of multiple hortiones and
their relationship with individual susceptibility in
simulated weightiesanenss [anlllh]_

Lin, Kejls, Sun, Hongyusn, Lu, lun, Zhang,
Guanming, Pan, Xisowu

IAF, International Astromautical  Congress, 40th,
Malaga, Spain, Oct. 7-13, 1989. 9 p.

Blochemical correlntes of neurosensory changes in
weljghtiessness [Bngliah| )
Leach, Carolyn 8., Reschke, Millard F, (Nationul
Acronsutics and Spacc Adminisration, Lyndon B,
Juhnwon Space Center, Houston, TX.)

IAF, Internat Astr tival Congress, dOth,

Malaga, Spain, Oct. 7-13, 1989, 5 p.

[Cerebravascular  effects  of  motlon  slckness)
‘Txerehro-vaskulisruye Bifekty Ukechivaniia [Russian]
M: skalenko, Ju. E., Beketov, A. 1., Maksimuk, V.
F., Skoromnyi, N. A,
Flzialogicheskil Zhurnal SSSR (ISSN 0015-329X), vol.
75, Nov. 19, p. 12601567,

The relatlonship between subjective and objertive
mensures of simulator-induced ataxin [Englivh)
Kantuy, L., Magee, L. B,, Hamillon, K. M. (Defence
and Civil Inst, of Bovironmental Medicine, Downaview
(Ontario).)

AD-A213098,; DCIEM-89-RR-28

A cepstral analysh of EEG (Electroencephulogruphic)
slgnals lo motion sicknesa studies (English]
Smith, Rumsel B. (Air Foree Inst. of Twh,,
W ight-Palterson ArB, OH.)
AD-A215063; AFIT/GSO/ENG/8%1) |

Mation Sickness: & study of ita effects on human
phys\ulng{ [Bnglish)
Gaudreault, P. J.  (Alr Foree lmat. of Teeh,
Wright-Patterson AFB, OH. School of Bngincuring.)
AFIT/GE/ENG/BTD-20
AD-A 188 821/3/XAB Dec 87, 104p

Atialysis of physiologicul duta reluted 1o motion vickness
fur use in a realtime motl n sickses indieator
[English}

Drylie, M. E (Air Foree Inst. of Tech.,
Wright-Patterson AFB, OH. Schaol of Englncering.)
AFIT/GE/ENG/6TD-16

AD-A1RY SK9:15/XAB Deo 87, Bup

Effect of vestibular stinulation on siat’e physical work
cupuelly {English Translaiion]
Podshivalov, A. A,  {Juint Publlcation Rescarch
Scrzlce, Arlington, VA.)
NEP-29100/1 /KAB ¢1987, 4p

|
|
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Chungeln functional activity of cortical braln structures
and thelr hlood |up¥ly In alert rabblts in response
to rocking [English Translation)
Maksimuk, V. F. , Skommny{. N. A (Joint
Publications Rescarch Service, Arlington, VA.)
NB8-12916/8/XAB 5 Aug 87, 1p

Gastrle emptylng assessment by echograpi s afier a
stress (rotating chalr) (English]
Valmaile, R, , Arbellle, P, |, Fatay, F. , Pottier, ], M,
, Gharib, C. (Tours Unly, (France). Lab. de
Bio;hyli ue Medicale.)
N8S-19955/9/XAB cDec 87, 3p

Investigation of simulator slckness and an
electronystagmographic study) Bnquete sur le mal
des slmulateurs de val couplec & une etude
nylusmosuphlquo [anchb
Deheyn, Q. , Degrall, P, , Vandenboxch, P. (Centre
de Medeoine Aerospatiale, Brunsels (Belgium).)
NBD-12183/4/XAB cJun 88, 5p

Photoelectronic monitor of motlon sickness: an
instrument measures the drop in skin infrared
reflectance accompanying nausea (English|
(National Acronautios and Space Administration,
Washington, DC,)

NTN87-0491 May 87, 1p '

Oculomolor  and  subjective  reaponses (o head
movements made during and after body rotation in
terrestrinl and non-terrestirinl gravitoinertinl force
environments, (English]

DiZia, Paul A, (Brandois U, Waltham, MA, US)
Dll.;.g‘rlauun Abstracts Internatlonel 48 (5-B) 1987,
p

The effect of blofeedhack control on the severity of
vestibulo-nutonomic symptoms of experimental
motion slekness, (Russian)

.':p\impy. g A, lek.ov{u. si' K:zl‘oysknyu: {. '_B.

Meditsing 22 (4) 1988, pp35-39

ya

Endogenouscatecholamine Nuxes during vection-induced
matlon sickness and tachygasteia {English)
Koch K L, Stern R M, Hutrison T, Seton J, Dwyer A,
Vasey M (Dep. Med., Penn State Univ., University
Hoap., Hershey, Pu.)
KRith  Annuai Mewting  of  the  Awmerican
Gustroenterologival Assoviation and Digestive Disease
Week, Chicago, Ninols, USA, May 9.13, 947
Guseroenterology 95 18 Part 2) 1987, 1474

Transcutanvous oxygen as » measure of pallor [English|
Harn D L, Beatty B ), Ruschke M F (NASA Juhinwon
Space Cent,, Houston, Tex. 77058.)

Annual Sciemific Meeting of the Aerospace Medival
Assaciation, Lay Vegas, Nevada, USA, May 10-14,
1947, Aviat Space Environ Mred 38 (5) 1987, 508

Autogenle-feedbick tralnlng as @ preventive method for
:Puudnglutkm syndromeon Space-lab 3 ‘En plinh]
owings P 8, Towcsno W B, Kamiya !, Miller N B,
Sharp J C (NASA-Ainer Res, Cent,, Mol Fleld,
Calif. 94038.)
Annual Sciestific Meeting of the Aerospace Medical
Associatlon, New Orleans, Loulsiana, USA, May 812,
1988, Aviat Space Environ Med 89 (5) 1988, 481

Electrogastrograms after  rotation-induced  motion
sicknews [Englinh)
Stewart 1 J, Wood M J, Wood C D, Woods T W,
Mims M E (L.8.U. Med. Cent., Shreveport, La.
71130.)
Annual Sciemific Meeiing of the Aerospace Medical
Association, New Orleans, Louisiana, USA, May 8-112,
1988. Aviat Space Environ Med 39 (5) 1988, 486

Effect of sound nn some vestibular autonomic reactiony
In motlon sickness {Russian]
Bodo G, Blkan K, Bontse G
Kosmlcheskaya mnlnslra i Aviakosmicheskaya
Meditsing 23 (3) 1988, 91-92

Individual differences In autonomic responding to
motion slekness stimulation [English]
Cowings P 8, Naifeh K H, Tomanv W B
(NASA-Ames Ros, Cent,)
28th  Annual  Meeilng  of the  Society for
Psychophysiological Research. Psychophysiology 23
(4) 1988, 441

Effects of electrical and  wcustimulation  on
electrogustrographic activity und the symptoms of
motlon slckness [Englinh)

Hu S, Storn R M, Vasey M W, Kooch K L (The Pa,

State Univ)

iﬂlhh /’&nra‘:’ ’M’l%lng ﬁ/ P”“h .;;c:u? fig
wychophyxiological Research. Psychophysivio,

(4) 1988, 455-456 i o

Motlon sickuess and electrogusirographic actlvity as a
function of speed of rotation of an optokinetic drum

Bnglluhl

us8, Stern R M, Vaney M W, Koch K L (The Pa,
State Univ.)

28th  Annual  Meeiing  of the  Suvelety  for
Psychophysialogical Research. Psychophysiology 23
(4) 1988, 456

Disturbances of gantric  wyoelectrleal and
neuroendorriue activity during the stress of motion
slcknens [English)

Kooh K L, Storn R, Demers L, Harrlson T, Seaton 1,
Summy-Long J, Blnguwaan 8, SgcrryN {Dep. Med.,
Pa, State Unlv., Horshoy, Pa. 17033))

International Cnycmlco an Stress and Digestive
Matllity, Mont Oabriel, Quebec, Canada, Murch
29-J1," 1989, Dig Dix Sci 34 (3) 1989, 484

The effect of gasteic contents on mothon  slekness
{Bnglish]
Mims M B, Stewart J J, Wood M J, Woods 'T' W,
Wood € D (LS.U. Mud, Cent,, Box 33932,
Shrevepon, La. 71130,)
Annual Scientiic Mevting of the Aerospace Medical
Assoclation, Washingten, D.C., USA, May 7-11, 1989,
Aviat Space Environ Med §Q (Y) 1989, 493

Changey in the total proteln concentration of suliva
during experimental motion siekness |English)
Macdonald 8, Igarsshi M, Henloy C M, Reschko M F
(Div. Spave Biomed., Univ. 8pace Res. Assaclation,
Huouston, Tex. 77058.)

Annuat Sclcwﬂc Meeting of the Aerospace Medical
Axsoviation, Washington, D.C., USA, May 7-11, 1949,
Aviat Space Environ Med 60 (5) 1989, 493




Preliminary investigation of cardiovascular responses to
Erllllwllk Night in sick and non-sick Individuals
nglis!
awrm D L, Raachke M F (Space Biomed, Res, Inst.,
NASA Johnson Space Cent., Houaton, Tex. 77058.)
Annyal Sclm‘tylc Meeing of the Aerospace Medical
Association, Washingion, D.C., USA, May 7-11, 1989,
Aviat Space Environ Med §Q (5) 1989, 493

Effects of liquid ingestion on the electrogastrogram
recorded during motlon sickness (Englivh]
Stewart J J, Wood C D, Wood M 1, Woods T W,
%l{% M E (L.8.U. M« Cent., Shreveport, La.
Annua Sclnwﬁc Moevting of the Aerospace Medical
Assoclation, Washington, D.C., USA, May 7-11, 1989,
Avial Space Environ Med §Q (3) 1989, 508

Relationship of vasopressin AVP to adrenocorticotropin
ACTIL and nausen before and after adaptation to
niotlon sickness {English
Kohl R L (Univ, Space Hes. Awsoe,, Spaco Blomed,
l;%.s&ml.. NASA-IohnsonSpace Cent., Houslon, Tex.
Annual Scientlfic Meuing of the Aerospace Medival
Asxoclation, Washington, D.C., USA, M?' .11, 1989,
Aviat Space Environ Med 80 (5) 1989, 505

Iluman vasopressin AVP and adrenocorticotropln
ACTIH  vresponres to siressful sensory Input.
lgdlv"ldl:l’al differences und wdaptive rexponses

nglin

ohl R L, Calkine D 8 (Unly, Space Ren. Ansosiation,
Spaco Biomed, Res. Imit., Juhnnon Space Cont,, Natl.
¢;£nn)ullcn and Space Administration, Hounston, Tex,
19t Atnual Murting of the Society for Neurosclence,
Phoenlx, Arizona, USA, October 29-November 3,
1989, Soe Neurosct Abstr 15 (1) 1989, 272

Analgesle and bets endorphin (BE) respomses to
motlon-sickness in worotodium glutnmatetreated
raty [English]

Soallet A’ C, Wikion 8, Rountree R L, Huney W Jr,
Androws A, Walker C A (Natl, Cent, Toxicol. Res.,
Jelferson, Arizona ‘712079-9502.)

19th Awinal Meeiing of the Soclety for Neuroselence,
Phoenly, Arlzona, USA, Octaber 29-November 3,
1989, Soc Neurosel Abstr 1§ (1) 1989, 518

The gastrolntestinal correlates of motion sicknens In the
cut [Englinh|
Lang 1 M, Steonsrud M, Sarna 8 K (Dep. Sury,
Ph)l/llul.. Med. Coll, Win, Zablocki Vame,
Milwsukee, Wis. $3295.)
19th Annual Meeiing of the Suclety for Neurosclence,
Phounlx, Arigona, USA, October 29-November 3,
1949, Sac Neurasei Abst 13 (1) 1989, 900

Kuting suppresses motlon sickness, The relutionships
ationg vngll uctivity electrogustrogeam and motion
sickness [English]

Uijidchaage 8 H J, Stern R M, Koch K L (DeE.
&yohal.. Punnaylvania State Univ., University Park,

)
Absiracts of Papers Submined to the American
Assoclation for the Study of Liver Disvases for the 913
Annual Meeling of the American Gasiroenierclogleal
Assoclation, Sun Ant~.lo, Texas, USA, May 12-18,
1980, Gastroenterology 98 (3 Part 2) 1990, pA6T0

B:17

Evaluatlon of vestibulo=ocular reflex VOR parameters
according to motlon xickness susceptibllity analhhl
grllur O, Doweck 1, Gordon C R, Shupak A, Gadot

(Motion Sickness Human Performance Lab., Iaracli
Naval Hyperbaric Inst,, Haifw, lsracl.)
Blst Annual Scientific Meeting of the Asrospace
Mudical Association, New Orleans, Loulsiana, USA,
Mo% I:i‘ 7, 1990, Aviat Space Bnviron Med §1 (5)
19%0,

Diagnostic clanification of changes in the human
electrogastrogram during motion sickness [Englizh)
Blanford € L, Oman C M (Man Vehicle Lab., Mit,
Cambridge, Mans, 02139.1,

&lst Annxal Scientlfic Meeting of the Aerospace

Madical Assoclation, New Orlans, Loulsiana, USA,

IlM9 A 1:9-67, 1990, Aviat Space Bnviron Med §1 (5)
L}

Electmncephmurn?hlc theta hand changes daring

motlon sickness [English]

Moralos R, Cholen W B (Applied Blosel, Co., Los
Angeles, Calif. 92050.)
6181 Annual Sclentific Meating of the Acrmﬁau
Medical Assoclation, New Orleans, Louisiana, USA,
M? 13:12, 1990 Aviat Space Environ Med §1 (5)
1990, 507

Saltvary proteins wx corvelates of motion sickness

sunceptibliity, An electroﬁhomlc unul'y&uh [Bnﬂllh]
Mucdonald §, Igarashi M, Henley C M, Kohl R (Univ,
Space Res. Amsoclution, Houston, Tex. 77058.)
6)8 Annual Scientific Meeting of the Aerospace
Medical Assoclation, New Orleans, Loulstana, USA,
Mayy 13-17, 19%0, Aviat Spuce Bnviron Med 61 (5)
1950, 507

{Ephedrine effect on the blood supply and oxygen
fl?lmiml of the brain during niotlon skckness]
ULTIEY
Skoromnyl N A (Div, Pharmacol. Course Clin,
Pharmacol,, Pedistr, Fac,, Crime, Med. Inst,,
Simforopol, USSR.)
;‘;r;n?aknloglyu 1 Tokstkologlya (Moscow) 380 (2) 1987,

[Cerebrovascular effects of motlon slckness] [Russlan
Moskalonko Yu B, Buketov A I, Maksimuk V F,
Skoromnyl N A (Lab. Comp. Physol, Blond Cire.,
1.M. Sechenov tnt, Bvol, Physiol. Blochem,, Acad.
Scl, USSR, Leningrad, USSR,

Fiziologicheskii Zharnal SSSR Imeni | M Sechenove 78
(11) 1982, 1560-1367

[The effect of blofevdhuck control on the severity of
vestibulsguionomle symptorma  of experimentul
wothon lleknm] ‘Runmn, Biylish]

SmirnovS.A,, Alzikov G.8., Kozlovakayn 1, B. (USSR)

Kowm, Biel. dviakosm. Med, 22 (4) 1988, ppdS-39

Catecholaminergle reaponnes to rotational stress In rat
heain stem: Implicutions for amphetaine therapy
of motion slckuns {Bnghsh)

Takeda N., Morls M., Yamutodanl A., Wada H.,
Matsunegn T, (Japan)
Avial. Space Environ, Med, 8 (11) 1990, pp101%-1021
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Spectral analysis of uch; astris recorded during
motlon sickness, [Fnglis
Stern RM, Kosh KL, Stewart WR, Lindblad IM
LDoplnmont of Paychology, Pennsylvania State
niversity, Univeraity Park 16302.)
Gastroenterology 93 (1)1an 1987, pp92-7

Characteristics of vestibular reactlons to canal and
otolith stimulation at an early stage of exposure to
microgravity, an;llnhL
Sirota  MQ, Babayev BM, Beloozerova 1B, Nyrova
AN, Yakushin 8B, Kozlovikayn 1B
Physiologlst 30 (1 Suppl)Peb 1987, ppS82-4

{Effect of ephedrine on the blood |upplund oxygen
rehlmen of the brain during wotlon slcknes)
VYilianie efedrina na kravosnabzhenio 1 kislorodnyi
rezhim goloviiogo mozga pri ukachivanii, [Russian,
Bnglish)

Skommnfl NA
Farmakol Toksikol 30 (2)Mar-Apr 1987, pp93-7

Electrodql-lrmnl nctlvity as mu index of motlon slcknens,
nglly
lgwlck-anm LA, Church RE, Hancock C, Jochim
D, Moreh PH, Ward P
Aviai Space Environ Med §8 (5)May 1987, ppd17-23

Skin potential refles corresponding to tranzient motion
discomifort, (English
tsu N, Takahashi N, Koo ]
Aviar Space Environ Med 33 (6)Jun 1987, pp576-80

Autonomic effects on R-R variations of the heart rate
Inv the squirrel monkeyt an indlestor of autonombe
Imbalance in conflict sieknesy, [Bt_n';llnh]
Ishil M, lLAmhl M, Patel 8, Himl T, Kuleoz W
Am J Otolaryngol § (3)May-Jun 1987, pp144.8

Nystugniug osllodu related to sea sickness, [English)
Alliny J, Gordon CR, Bolnick A, Sado J (Sea Slokncss
Research Center, Israel Navy 1D, F, Medieal Corpa.)
Arch Otorhinolaryngo! 244 (2) 1987, ppld-7

Vasopreasin and motion sickness In cats, (English)
ox, RA, Kell LC, Drunton NG, Crampton GH, Lucot
J (Depuntnient of Psychology, Sun Jose State Uniy,,
CA 95192.)
Aviat Space Environ Med 38 (9 Pt 2)8op 1987,
ppAL43-7

Castrolntentinal motitity in space motion  slekness,
|Brglinh}
Thomton WE, Linder BJ, Moore TP, Puol SL
(Atronaut  Offlee, NASA/luhnaon Spaco Conter,
Houston, Texas 77058.)
Aviat S{aco Environ Med 38 (9 Pt 2)Sup 1987,
ppAls-dl

Hormonal responses of metoclopramide-treated suhjects
axp::huﬂn nauses or emesls during parubolk

i

Kohi RL (Division of Spave Biomedisine, Universitios
Space Roxcarch Assoclation, Houston, Texas 77038.)
Avial Space Environ Med 38 9 Pv 2)8cp 1987,
ppA266-9

Nuclear medicine evaluation of motlon sickness and
medications on gastrie mptfln time, é&n lish]
Wood MJ, Wood CD, Mannn JE, Manino BR, Redetzki
HM (Depurtment of Radiology, L.S.UJ. Medical
Center, Shreveport 71130,

Aviat Space Environ Med 3§ (11)Nov 1987, ppl 1124

[Effect of vestibuloeautonomic disorders during
hypokinesla on reglonal hemodynamicn) Viianie
vestibulovegetativay rastroisty v uslovilakh
glpolll(l;?zll na regionarnuiu gemodinamiku. [Russian,

nglie
Lapaev BV, Bednenka VS, Yorob'ev OA, Artamonov
IN, Zariskli YV
Itv Akad Nauk SSSR [biol} Nov-Dec 1987, pp80S-13

Hormonal status and Nuld electrolyle metabalism in
motion skekness, [English)
Qrigoriev Al, Nichiporuk |A, Yasnetsov VV, Shashkav
V8 (Institute of Biomedioal Problems, Ministry of
Health, Moscow, USSR.)
Aviat Space Environ Med §9 (4)Apr 1988, ppl01-8

Snllvlra changes assoclated with exﬁorlmenm motlon
sickness condition In man, lansul h)
Cordon CR, Bon-Arysh H, Suargel R, Attlas 1,
Rolnick A, Laufer D (Motlon Sleknens and Human
Perfurmance Luaboratory, lsrasl Nuval Hyporbarie
Institute, Hails,)
J Auton Nerv Syn 23 (2)Mur 1988, ppdl.6

[Effect of aduptive blofeedback on the severity of
vestibulo-autonomic symptoms of experlnental
motlon sickness] Viiianie aduplivnogo bioupravieniia
na vyrzhennost' vostibulovegolativnykh simptomoy
Ekuplml:lnenul'nol bolezni dvizhenlin,  [Russian,

n
Smimov SA, Alzikov 08, Kozjovskala 1B
Kosm Biol Aviakosm Med 22 (4)Jul-Aug 1988, ppds.9

Sallvary chunges associated with senslckness, [Bn |ith
Gordon , Ben-Aryeh H, Smirgel R, Aulas J,
Rolniek A, Laufer D (Motlon Sickness and Human
Periormanco Laboratory, lsrael Naval Hyperbarie
Institute, Halfa.)

J Autan Nerv Syst 26 (1)Feb 1989, ppa7-42

Electrogastrograms during motlon skekneas in fusted and
fed aubjuts.»{lﬂnﬂii-h
Stewart J}, Wood MJ, Wood CD (Depariment of
Pharmacology and ‘Therapeutics, Loulsiana  State
Unliversity Medical Conter Shrevepont 71130-3932,)
Avial Space Environ Med §Q ()Mar 1989, pp21d.7

Cerebrospinal fuld constituents of cat vary with
susceptibliity to motion slekness. [Bngiish)
Lucol JB, Crampton GH, Matson WR, Gumache PH
(Department  of  Pharmacology, Wright Siate
Unitersity, Dayton, OH 45435.)
Life Sci 44 (18) 1949, ppl239.48

Motlon alckness and gastric myoelectrie activity m a
function of sperd of rotation of a clreular veetlon
drum.JBnalhh

Hu 8, Btern RM, Vassy MW, Koch KL (Department
of Paychology, Pennsylvanin Stats  Unlvensity,
Unliversity Park 16802.)

Aviat Space Environ Med §0 (5)May 1989, ppd ‘14




Sodium coucentration (n saliva along the time course of
experimental Corlolis sickness. [English]
Igarashi M, MacDomid 8, Chae SY, Plishker GA,

ohl RL (Depadment of Otorhlnollryn,oloa and

Communicative Soiences, Baylor Collego of Medicine,
Houston, Texas 77030.)
A;"l‘auolmlaryn'ol Siockh) 107 (5-6)May-Jun 1989,
P o]

[The eﬂ'ecl:of motion siekness on the diurnal rhythm of
the sinus pode of the hewrt conduction system]
Vozdeistvie  ukachivaniia  na  sutochnyl  ritm
aviomatizima sinusovogo uzla provodiashchei sistemy
serdtun, [Russian]

Marchenku AM, Nesterko AQ
Voen Med Zh May 1919, pp$9-61

Neuroendocrine and gastric myoelecteical responses to
Illuwrli sell-motion In humans, ansllth )
Koch KL, Slern RM, Vasey MW, Seaton JF, Demers
LM, Harrlion TS (Depariment of Muedicine,
Pennsylvania State Univeraily, Hershey 17033,)
Am J Physiol 258 (2 Pt 1)Feb 1990, ppBI04-10

[The cerehrovascular effecs of motlon sicknesa}
Em‘?bﬁ-vukulhmye effekty ukaohivanils. [Russjan,
nglia
Mu‘nkllenko ful, Beketov Al, Muksimuk VF,
Skoromnyi NA
Flzlol Zh'SSSR 75 (11)Nov 1989, pp1360.7

The stability of Individunl patieens of autonomic
responses to motlon slekness stimulation, [English]
Cowings PS, Naifoh KH, Toscato WB (NASA-Amex
Rescarch Conter, Maffoit Fleld, CA 94038.)

Aviat Space Environ Mrd 6] (3)May 1990, ppd99-403

Autunomle indexes during the vestibulurevisual confllct
exposure u squirrel inonkey study. (anglllih
lgarashi M, Chae 8, MasDonaki 8, Himl T, Takeda

(Depariment  of  Olorhinolaryngology and
Communlcative Scionces, Baylor College of Medicine,
Hourton, Texas 77030.)

Aurés Nasus Laryne 17 (2) 1990, pp69-76

Vasopressin - and oxytocln respones 0 llusory
self-motion and nauses in man, [English)
Koch KL, Summy-Long J, Blnguman 8, Sperry N,
Siern RM  (Department of Medicine, Pennaylvania
Stale Unlversily, Hershey 17033,)
J Clin Emlocrinol Metah 14 (S)Nav 1990, pp1269-75

Hormonal chunges after parabolic fight: Implicatlons
ot the developiment of motion sickntess, [English)
Drummer C, Stromeyer H, Rispl RL, Konig A,
Strollo R, Lang RE, Maam H, Rooker L. Cerzer R
(Phauéﬂzlnluchu lintk Ennanstadt, Universitat Munchen,

)
Aviar Space Enviran Med §1 (9 Pt 1)8ep 1990,
pp82l-8
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12._Provocative Stimuli

Vatibular-visual conflict in gkeh and yaw planes In the
squirrel monkey {English)
Tearashi, Makoto, Kuleoz, Walter B., Kobayashi,
Kazutoyo, lsago, Hidemiwu (Baylor Coll, of Medioine,
Houston, Tex.)
Aviation, Space, and Environmental Medicine (ISSN
0095-6362), vol. $7, Nov. 1988, p, 1071-1074,

[The significance of the phase mismatch of sensory
signals  in  mechanbma of motion-alckness
development] Znachenio Fazovogo Rassoglasovaniia
Sensornykh Signalov v Mekhanizmakh  Razvitiia
Ukachivaniia [Russian)

Varob'ev, Q. A,
Akademila Nauk SSSR, levestiia, Sertia Biologicheskala
(ISSN 0002-3329), Sept,-Oct, 1987, p. 753-761,

Perlodic acceleration stimulation In space [English)
Burton, Ruasell R,
AL, Intersaciety Conference on  Environmental
Systems, 19th, San Diego, CA,July 24-26, 1989, 6 p.

The effvets of fixation and restricted visual fleld on
yectlonsfiduced motion sickness [Englinh]
Stem, Robet M., Hu, Senqi, Anderson, Richard B.,
Lelbowits, Hersohel W., Koch, Kenneth L.
(Pennsylvania State Unly,, University Park,)
Avlatlon. Spac, and Environmental Medicine (ISSN
(0095-6562), vol. 61, Aug. 1990, p. 713-713.

Motlon sickness, visual displays, and armored vehlcle
deslgn Bngﬁlh]
Procoedings of a Conferenco on Wraparound Visual
Displays, Waltham, MA 14-18 Jan, {988 (Naval
Posigraduite Sehool, Montersy, CA.)
AD-A222678; BRL-CR-629

Sltuatlonal uwareness and vestibuinge stimulation: The
influince of whole-body rutation upon tusk
rlopmance [In Dulch; English Summary
lontjes, C. J. B., Bles, W, (Inatitute for Poreoption
RVO-TNO, Socaterberg (Nothorlands).)
IZF-1989-14; TD-89.1031; ETN-90-97386

[Space adaptation syndrome Induced by a long duration
+3Gx centrifuge run} Opgewckt door cen langduripe
hclulﬂ\nvg van +30x in de centrm;fe) |EBnglish
Blos, . Bos, J, B, , Furrer, R, , Grauf, B, D. ,
Hosman, R J. (Insthtute for Perception RVO-TNO,
Saosterberg  (Notherlands).) 12R.1989-25;
TDCK-89-1058
AD-A213 248/3/XAB Jul 89, 45p

Vestibular responses and motion sickness durlng plteh,
fgﬂ. ll.I?]d yaw sinusoldal wholebody oaeillation
nglln
Cuedey, P B. , Norman, J. ‘Tumlrmd.o. , Rupert,
A, (Naval AGN“IOO Mudical Roscarch Lab,,
Ponaacols, FL.) NAMRL-1352
AD-A223 893/8/XAB Mar 90, 16p

Role of orientatlon reterence selection In motlon
sieknes, Supjpkment 28 [English)
Peterks, R. J, , Black, P. O, (Unod Samaritan
Hospital and Medical Conter, Portlind, OR.) NAS
1,36:181393; NASA-CR-181392
N27.30049/7/XAB Oct 87, 16p

—
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Significance of sensory signal phase mismatch In
mechanms of niotlon sickness development
(Abstract Only) kﬂngulh Translation]

Vorobyev, O. A, (Joint Publications Research
Service, Arlington, VA.)
N88-26787/7/XAB 10 Jun 88, 1p

Role of orlentation reference selection In motlon
sickness. Semiannual Status report Janglhh]
Poterks, R, 1. , Black, F. O, oad  Samaritan
Huspltal and Medical Center, Portiand, OR.) NAS
1,26:184809; NASA-CR-184609
N8B-13513/9/XAB Dec 88, 82p

Vectlan and simulator sickness. Lﬂl:elllh]
Hettinger, Lawrencs J., Berbaum, Kevin 8.,
Kenn: 3. Robert 8., Dunlap, William b. etal (Basex
Cm?. tlando, Wi., Usg
Military Psychology 2 (3) 1990, pp171-181

Sinusoldal vertleal linear ncceleration and wotlon
sickness in squirrvel monkeBn [English]
Wilpizeski CR, Lowry 1. D, Thompaon P B (Dap.
?Dul‘o _;ynuol.. Jefferson Med. Coll., Philadelphis, Ps.
Annual Sclentific Meeting of the Amu; re Medical
Association, New Orleans, Louisiana, USA, May 8-12,
1988, Aviat Space Environ Med 39 (5) 1988, 468

Wide ungle artificial horlzon Is fr?uemlr percelved as
non-horlzontal u possible é)ro lein in Its use for
revention of seasickness [Bnglish)
olnick A, Blea W, Qordon C R (Motion Sicknoss
Lab,, lsrasll Naval Hyperbariu Inst,, Halls, lsrael,)
Annual Sclentific Maeting of the Aeraspace Medical
Association, Washington, D.C., USA, May 7-11, 1989,
Avial Space Environ Med 6Q (5) 1989, 484

Development of standardized test |;roeeduru uslng
réveul-lll;: prisma for the study of motlon skkness
nglls
olafa ) J, Brumley B A, Vanderploeg) M, Wood 8
J, Reschke M P (Krug Int. Technol, Lifs Saol, Div,,
NASA-Johnson Spave Cent., Houston, Tex, 77038,
8lst Annual Scientific Meeting of the Aerospace
Medical Asyociation, New Orleans, Loutsiuna, USA,
%‘% I:oé 7. 1990, Aviat Space Environ Med §4 (5)

Motlon siekness severity under Interactions of vection
and head movementa {English}
Yang T, Pel J, Howard L P (Human Perfortance
Lab., Inst. Space and Terremelal Soi,, 103
Furquharson Bldg., York Unlv., Nosth York, Ont,,
Can. M3J 1P)))
dlst Annual Scientific Meeting of the Asrospace
Mudical Association, New Orleans, Loulyiana, USA,
?‘9?'0 15,6:!7' 1990, Aviat Space Environ Mud 81 (5)

L}

Shipbosrd evaluation of motion sickness incidence und
human engineering problems LBnnlllhl
Bluner A.C., Guignaed J,C. (USA)
J. Low Freq. Noise Vib, ] (2) 1988, ppS0-65

[Peripheral dizziness. Transport sickness therapeutic
actuality] Vertiges. Mal des Transports Actualitics
Therapeutigues [French, Bnglish)

Perrin C., Sauvage J.P,, Perrin A, (Franco)
Ann. Med, Nuncy Est 28 (3) 1989, pp191-193

Asymmetri otolith function and increased susceptibility
to motlon sickness during exposure to varlations in
t:lvlhlnerthl aceeleration level, [Bnul&lhl

okner JR, Graybiel A, Johnson WH, Money KE
Avial Space Bnviron Med 88 (13ul 1987, ppé$2-7

Prediction of the Incidence of motlon sickness from the
muﬁultudo. frqhumy. and duration of vertical
oscillation, (B? h)

Lawther A, driffin MJ (Institute of Sound and
Vidration Research, The University, Southampton,
Unlted Kingdom.)

J Acoust Soc Am 82 (3)8ep 1987, pp957-66

Comparative sssessment of vestibular, optokinetic, and
optovestibular stimulation In the development of
experimental motlon sickness, [(English)

Matanev Bl Kuz'min MP, Zakharova LN (Institute of
Biomedical Problems, Moscow, USSR.)
Aviat Space Environ Med 58 (10)0ct 1987, pp9Sd.7

Hend movements In low and hI&h gravitolnertlal force
eivironments eliclt motion sickness: implications for
spuce motlon slckness, n!nPlhhl
Lackner JR, Oraybiel A (Ashton Graybis! Spatial
Oriuntation Luboratory, Brandels University, Waltham,
Maasachusetts 02256.{

Aviat Space Environ Med 38 (9 Pt 2)Sop 1987,
ppA212-7

The Influence of gravitoinertinl force level on
oculomotar and perceptual reaponses to sudden stop
stimulatlon. [English)

DiZio P, Lackner JR, Bvanoff JN (Ashton Graybiel
Spatial Orientation Laborutory, Brandols Univoraity,
Waltham, Maswachuneits 02254.)

Aviat Space Environ Med 38 (9 Pt 2)3ep 1987,
PPA224-30

Motlon sickness nnd motion characteristics of vessels at
seu, {English|
Lawther A, Oriffin M)
Ergonomics 31 (10)0ct 1988, pp1373-94

Alered sensory-motor control of the hend ss un
etiological factor in apace-motion sicknesy, [Bngliah
Lackner JR, DiZio P (Ashton Grl{hlul Spatial
Orientation Labotatory, Brandeis University, Waltham,
Massachunetts 02254,

Percept Mot Skille 68 (3 Pt 1)Jun 1989, pp78d-6

Adaptation 1o vection-induced symploms of motlon
slekness, [Bnglish]
Stern RM, Hu §Q, Vassy MW, Koch KL (Depariment
of Plyoholoiky. Pennaylvania  State  Univomity,
University Park, PA 16802.)
Aviat Space Environ Med (0 (6)Jun 1989, pp566-72
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Reduethn of visually-induced motlon sickness elicited
by changes in lllumination wavelength. 5Bngllnh]
Dobis TG, May JG, Duniap Andetson ME
(Naval llodynlmlel I..Abomuly. Unlverllty of Naw
Orleans, LA 70189
Aviat Space Environ Ithd 60 (B)Aug 1989, pp749-54

Com mlun of various motion stimull on motion
rz'm and uqullltlon of adaptation In Sumcus-
MUrinug,
Kyl T, s-ltui'! Ueno 3, Matsuki N {Department of
Chemical Pharmacole, mey of Pharmacoutical
Sciences, University J"m 0, Japan.)
Jikken Dobutsu 3§ (1)an 1990, pp75-9

[Churlcufhtlu of motion sickness durlu‘ probnged
ololith stimulation in anti-orthos posit 1
Onobennoati techenlia bolezni dvixhentin prl dlitel'no
otolitovel  stimuliatsii v antiortostaticheskom

lozhenil, Funlln , Bnglish)

atanev lakovieva Ila, Serebrennikov M|,
Cavrilin BK, Zakharova LN, Nichiporuk 1A, lsupov
V@, Markin AS
Vesin Otorinolaringol Jan-Feb 1950, pp8.14

The effects of fixation lnd restricted visusl fleld on
vection<dnduced motion slekness, (English
Siern RM, Hu 8, Anderson RB, Lelbowitz HW, Kovh
KL (Depa riment of Py ogehnlogy. Penn State Unlvmlly.
Unlvmlly Park 168
Aviat Space Environ Mld 81 (8)Aug 1990, pp712-5

13, Sea Sickness

Iluman factors In the nuval eavironment: a review of
motlon slckness and blodynamic problems [English)
Colwell, 3, L. (Defence Resesrch Establishment
Atlantie, Datmouth (Nova !oo&lu) 1 DREA-TM-89/220
AD-A214 733/8/XAB Scp 89, 10p

[Smleknem dose-effect reglateations with 1My
Makkum) Zeeziekte-onderzoek: dosls-effoct metingen
ann boord van HR, MS. Makkum [Dutch)]
Bles, W, |, Boer, L., C. , Kouning, J. A, , Vermeij, P
Wient u. ¢ ) B (lmmum for Purception
hVO-TNO. Bouturberi (Netherlandy).) 1ZP-1988-5
PBEY-168942/XAB <1988, T0p

Wide unﬁlc artificlal horizon s rrequentl{ percelved as
non-horizontal a rnlbl! roblem in Its use for
revention of ml ktvews (English}
olnick A, Bles W, Qordan C R (Motlon SIcknen
Lab,, lmcll Naval Hyporburio Inat,, Haifw, lsrael.)
Annual Sciemific Meeting of the Aeraspau Madical
Avsoclation, Washington, D.C,, USA, May 7-11, 198%.
Aviat Space Bnviron Med £Q (5) 1989, 484

A lm'Bveylrf the incldence of mal de debarquement, MD
nglis
rll%m , Qordon € R, Daweek 1, Shupak A (Motlon
cknem Human Performance Lab., lasell Naval
:{ypert'u;h} Inat,, Ham‘ lmel). A Medical
nnual Scient eetin, srospace Medicn
Associution, “%Mn;mn ’)% %7- 1, 1980,
Aviat Spuce Environ Med 60 (5) 9.9. 485
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Effecé ofllgllp roll stabllization on human performance
nglis
orrllon TR, Dubis T @, Willems G C, Webb 8 C,
Bndler J L (qul Bludynumlu Lab., Now Otleans,
La. 70189-0407.)
alst Annual Scientific Mueting of the Aeroy 6.::'
Mcdlcal Association, New Orleans, Loutslana, .
19?0 18-17, 1990, Aviat Space Environ Med 6L (5

A survey of the occurrence of motion siekness wmong

[nmnlm at sea [B ligh)

A, Griffin .| (Inat, Sound Vibration Row.,
Human Futorl Res. Unit, Univ,, Southampton SO9
SNH, Bnglund.)

Aviallon o and Environmental Mydicine 33 (8)
1988, 399.406

Shipbourd evalustion of motion siekness incldence and
human enélneerlng problems [Bnglhh]
Bitner A.C., Quignard J.C, gu L
J. Low Freq. Nolse Vib, 7 (2) 1988, pp50-65

l’hyllﬂl nnd adaptive mechanbms In  seaslckness

Szn u’l .,Dolmlmkll (Polnacg
Bull. Inst. Marlt, Trop, Med, nla 39 (1-2) 1988,
ppl9-44

[Causes and treatment of seusickness] Ursschen und
Behmdluni der Seckrankheit. [German, Englinh)
Hnllmnnn Seifert J, Scherer H

nfal Rhinol  Otol (Srung) #6 (2)Fsb 1987,

ppo9-1o

Slck at seat outbreaks prompt relnstatement of ceulse
ship inspections. {Buglish|
Korcok
Can Med Assoc J 136 (12)Jun 1S 1987, ppl298-300

(beunlckﬂe}:l at Roat] Sjouyke p.ANG.a Rost, [Norweglan,

Mlchu sen PM, Rugelli P
Tdsskr  Nor Lacggform 107 (24)Aug 30 1987,

pp022.5

Nystugmus eplodes related to sea siekness, [English)
Atting J, Qordon CR, Bulnick A, Snd»J (Sea Siekness
Rexgarch Centor, Tarnol Navy 1.D.F, Medieal Compr.)
Arch Otorhinolaryngol 244 (2) 19.7. ppid-7

Motlon sickness and motlon charscterbition of venels at
sen. {English
Lawther A, Griffin M}
Hrganomics 3] (10)0ct 1988, pp1373-94

ﬁnllvnry ohul&u anoclsted with mlhkneu. anPlluh
Qordon Ben-Aryeh H, Szargel R, ,
Rolnlok A, Lluﬂar D (Motion Sickness ard Human
Performancs Laborstory, lsrsel Nuval Hyperbario
Inatitute, Haifa,)
J Auton Nerv S_val 26 (1)Fob 1989, pp37-42

bulgnp«. Brylish)
Ala Med n (2)Aug 1989, ppl3-4
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. Motlon commotion+a seasickness update, (Bnglish]

Pingres BJ |
: J R‘Nav Med Serv 7§ (2)Summer 1989, pp75-84 Vlnugl dllnlptlsy fuctors contributing to simulator sicknes ‘
nglle
' aﬁn er, LawrenceJ ., Nolan, Margaret D, , Kennedy,
[Sea sickness: a review of etiology, pathophysiology, Robest 8., Berbaum, Kevin 8., Sohnitziu, Kevin P.
evalustion and treatment] [Hebrow) - iN: Human Foclos Soch?', Annual Meeting, 3131, i
Shupak A, Gordon CR, Melamed Y New York; NY, Ocy, 19.23, 1987, Proceedings. Volime !
Hargfuah 118 (3)Feb | 1990, pp153-7 1 (AM-JS‘OI 14-54), Sama Monica, CA, Human i
Faciors Society, 1987, p, 497-501,
14, _Simulator Sickness Simulator sickness research program st NASA-Ames
:l“url“'h Cb?l“;r Sﬂglllgll k, Anthony M. (National
q - ccautley, Miochael B., Cock, Anthon + {(Nationa
""“.f.',',;‘:{.,,;',‘;‘:‘.‘,ﬁ and ';,J&m ég::u.::f cos, Aomnlutylu and Sfme Administration. yAmel enokroh
Prank, Lawrence H., Casali, John O, Center, Moffelt Field, Calif.)

SAE, Asrospace  Technolo, Confarence  and IN: Human Factors Soclety, Annual Meeting, 31,
% Naw York, NY, Oct. 19:23, 1987, Procesdings. Volume
Expasition, Long Beach, CA, Oct, 13-16, 1986, 13 p, ' RAIT40] 14.54). Santo honlc«;. C’ﬁ. 3y
Factors Socisly, 1987, p. 502-304.
Asynchronous visusl delays and the development of
simulator skknens [Bnglish

Ullana, Kevin C., Kennedy, Robert 8., Lamben, Effects of visunl displuy and motlon system delnys on
Blizabeth Y, aperator performance and uneasiness in a driving
IN: Human Factors Soclely, Annual Meeting, 30th, siimulator [English
Dayton, OH, Sep. 25-Ocl, 3, 1986, Procesdings. 5\5:{‘,5; \l‘-rlwnnu v Canall, John G, Wicrwille,
Fo e e, s, Sana Monica, CA. Human Factors (ISSN 0018-7208), vol, 30, April 1548,
b 201-217, Navy-~supported ressarch,

United Stutes Alr Force experlence with simulutor "
sicknest, research and tuﬁlng 'Eﬂnglllh] Connlatency scross measures of simulator sickness »
Kellogg, Robart 8., Qlllingham, Rent K, Implications for & blocyhernetic safety reporting
IN: }”man Factors Sociely, Annual Menting, 3chh, device [Bnglish)]
Dayton, OH, Sepi. 29-O¢1. 3, 1946, Proceedings. Kenncdiy. obert 8., Baltzloy, Dennis R., Lilionthal,
Volume | (487-33001 13-3¢), Santi Monica, €A, Michael @., Allgood, Glenn O., Gower, Daniel W,

n , 1986, p. , IN: SAFE Association, Annual Symposiun, 25th, Las
Hunan Factors Soclaty, 1966, p. 437429 Vegas NV, Now. 1615, 1R Prosainan Asse 0953
01-54). Newhall, CA, SAFE Asxoclation, 1987, p.

SImuéntnll; ‘lllclmm + A problem for Army aviation 93-4
nglish
rowley, John 8. . .
Avlallm{ Space, and Environmental Medivine (1SSN Stsulator slekness ou the inerease [Englinh)
00%5-6362), vol. 38, April 1987, p. 155.457, Konned Lillenthal, M, Q.

I’I&. R. 8., Allgood, G, O,
IN: A Fiight Simwlation Technologles Conference
amd Exhiblt, Bnsion, MA.Aaw. 14-16, 1989, Technival
Vehizular simulator-induced slcknes, Volume 3t Suryey FPapers (A89-44376 21-09), Washingtcn, DC, American
of etlologieal factors and revearch fucillty Institute of Aeronantles and Astronautics, 1989, p.
requirements [Snglish} 62:42.
gnxlall.hl?h? a., (\;Vslervll{?.‘WnIBlfr k“l:' (Virginiu
1 g, Lt v., Bla '
AZ?AT??:%@”E&H-‘M-U}OJ? Nmfk“g;"},‘l’,l Shmlléuwﬁ ;}cknm in the Royal Alr Hercer A survey
nglis
Chmpﬁluw, J. W, (Roynl Air Farce Inst, of Aviation

The of axynchronous visal delays on simututor Medivine, Furnborough (England).)
'u';'u.“." p@rfn{‘m.nee and gh.,d dzveln mm‘nt 'of In AGARD, Mution Cues ']n Flight Simulation and
shinulater slekness symptomatology [English] Shnulator Induced Sickness 11 p (SEE N8v-12171
Uliano, X. €, Lambert, B, Y, %(cnnody. R. 8, 03-52) .
Sheppurd, D, J! (Bxox Corp,, Orlando, Fls.) {

AD-A180196; NAVTRASYSCEN-45.-D-0026-1 :
' ' EN-be-D-002 The relutionship between subjective and ohjeetive _ '

measures of slmulator-induced ataxin [Englin |‘_ {
Stmulutor siekness - Some measirenent lsues {Bnglish) Kantar, L., Mniau. L. B., Hamilton, K. M, (Defence .
Ullano, ll(;vln FV" ;(onned‘. Rt:;%t %.“ coni :3?‘ Em; l)nu. of Buvironmental Medicine, Downsviow ) i

IN: Simulators IV; Proceedings of the ‘onference, g '
Orlando, FL, Apr. 6.9, 1987 (A88-22867 07.66). San AD-A213093; DCIEM-89-RR-28 .

%;%‘ca. Soclety for Computer Simulation, 1187, p.
A Guidelines for  slleviatlon of slnulator sicknens

g kvmptmnuloloy {Bnglish)

; Trucing the etiology of slmulator wick nesr [English) ennedy, R, 8, |, Borbaum, K. 8. , Lillenthal, M, :
Heottinger, Liwwrence 1., Kennedy, Roben 8., d. , Dunlap, W, P. , Mulligan, B. E. (Naval :
Berbaum, Kevin &. mimnu Systems  Contef, Orlando, FL.) -
IN: Simulators IV; Prrmdl?.c of the SCS Conference, NAVTRASYSCEN-TR-87-007 .

Orlando, FL., Afr. o9, 1987 (A48-22867 112.86), Sun AD-A182 334/8/XAN Mar 87, T2p !
!Dé;g?.} qCA, Society for Computer Simulation, 1987, p. .
BF {75 A
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Simulator sickness in the AH-64 Apache combat misslon
slmulator [anllhh]
Gnower, D, W. , Lilienthal, M. G, , Kennedy,
R. 8. . Fowlkes, J. B. , Baluzley, D, R, (Army
Agromedical Researvh Lab,, Fort Rucker, AL.)

USAARL-84-1
AD-A193 419/9/XAB Nov 87, 91p

Simulator induced sickness In the CP-140 (Aurors)
fight deck simulator Langlhhl
Hamilton, K. , Kantor, L. , Heslegrave, R. , Mageo,
L. , Hendy, K. (Defonce and Civil imat. af
Environmental Medicine, Downsview (Ontario).)
DCIEM-89-RR-32
AD-A213 096/1/XAB May 89, 25p

Simulator sickness In the UlL-60 (Black Mawk) flight
simulnior [Bnglish
Gower, D. W, , Fowlkos, 1. (Artny Aeromedical
Reacarch Lab., Fort Rucker, AL.) USAARL-89-25
AD-A214 434/3/XAB Sep 89, 15p

Simulator skekness In the AN-1S (Cobra) Qight
timulator [English
Cower, D, W, , Fowlkes, J. (Army Ae¢romedioal
Resuarch Lab,, Fort Ruoker, AL.) USAARL-$9-20
AD-A214 562/1/XAB Sop 89, T8p

Slmulator sickness In the CIL47 (Chinook) fllght
simulator [English)
Gower, D. J., Fowikes, J, , Baltzley, D. R. (Army
Asromedioal Resesrch ' Lab,, Fort Rucker, AL.)
USAARL-29-28
AD-A218 214/5/XAR Sep 49, T2p

Motioli eues In flght simulation and simulator induced
skckness [Bn% sh and Fronoh)
(Advisory Group for Acrospaos Rewearch und
Developmont, Neullly-sur-Seine (France).)
AGARD-CP-413; 18BN-92-815-0466-6
N89-12171/9/XAB olun 88, 196p

Etlologlcnl significance of equipment fentures and pilot
history i simulator skekness [Buglish)
Kennody, R, 8. , Bebuum, K. S, | Allgood, G.
©, , Lane, N. B .Lll\enlhll. M. O, (Basex
Cotp,, Orlando, FL)
N§$-12172/7/XAB clun 88, 22p

Actlological fuctors in simulstor sickness |English)
Benson, A, J.  (Royal Alr Poroe, Farnborough
g!n&hnd . lnat, of Avintion Medicine.)

89-12174/3/XAB ¢lun 88, &p

[NHorieoutal study of the Incldence of simulator Induced
vickness among French Alr Force pllots] Etude
horizontale do I'invidence du mal dus simolateurs dans
les Forces Aetlonnen francalsen [French)

L'l!wr. A. , Sandor, P, , Dolalaye, R. P. (Centre
d'Esnals on Vol, Bretigny-sur-Orga (Franve), Lub. de
Medeoine Aerospatinle.)

N¥9-12175/0/XAR clun B8, Tp

Simulator induced sicknes among Hercules alrerew

Hnglish]
"f“‘ L. B., Kentor, L. , Swoeney, D. M, C.

(Dolence und Clvil tnit of Bavironmental Madivine,

Downsview (Onurlﬂnl).)

NBG-J2178/8/XAN elun 88, Bp
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Simulator sicknees in US Army and Navy fixed- and

rotarys fliglit simulators [English]

Gower, D, W, , Lilienthal, M, O, , Kennady, R. §.
y anlfm. 1. B, Army Acromedical Resoarvh Lab,,
Port Ruoker, AL.

N89-12178/4/XAH8 olun 88, 20p

Manifestation of visunlvestibular disruption In

simulators: severity and empirical measurement of
symptomatology [English]

wsll, J. G. , Frank, L, H. (Virginin Polytechnlo
Inst, and State Univ., Blackeburg.)
N89-12181/8/KAB olun 88, 18p

Modelling operator control performance and wellbeing

at o functlon of simulntor visual and motlon system
transport delaya [English)

Frank, L. H. , Camli, J. Q. (Pacific Misslle Test
Conter, Point Mugu, CA.)

N89-12182/6/XAB olun 88, Tp

{Investigation of simulator slckness and an

electronyatugmographle study)] Enquele sur lo inal
dea simulsteurs do  vol couplce ® uno etude
nylugmosuphlqun [Rrench)

Dehoyn, Q. , Degialf, P, , Vandenbossh, P, (Contro
de Medecine Aerospatiate, Brussels (Belulum).)
NES-12183/4/XAB ¢lun R8, 3p

Cues for tralning vertigo, providing supgestiona for the

management of simulator sickness [Bnglish)
Norre, M. B, (University Hospilal, Leuven

59;91-’1‘%'1‘2‘)/5“44! olun 88, dp

Oculomotor and subjective responses to head movements

made during and after body rotation In terreatrial
and  noa-terrestrinl  gravitolnertlal force
environments, (Bnglish

DiZlo, Paul A, (Bratideis U, Waltham, MA, US)
Dll;a;‘rmlkm Abstracts Inernational 48 (5-B) 1987,
n

Vectlon and simulator sicknesy, (English)

Hettinger,  Lawrencs 1., Berbaum, Kevin 8.,
Konnudy, Robert 8., Dunlap, Willlam P. ol al (Barex
Corp, Orlando, FL, US)

Military Pyychology & (3) 1990, ppl71-181

Delayed effects of simulator sickness {ncidence and

mrlkutlonl [Englixh]

Haltzley D R, Qower D W, Kennedy R 8, Lillenthal
M G (Basox Corp., 1040 Wooduook Ave., Orlundo,
Fla. 32803

Annual Scientiflc Meeting of the Arrospace Medicul
Assoclation, New Orlvans, Loulsiana, UISA, May 812,
1988, Aviat Space Environ Med 33 (3) 1988, 468

Control of shmulator sickuess incldence by elmulator

usuge adaptstion and other means (Exﬁlhhl
Fowlkes J B, Kunnedy R 8, Lillenthal M G, Dunlap
W P (Busex Corp., 1040 Woudeus < Road, Orlando,
Fla. 32803.)

Annual &lanmc Mesting of the Avrospave Medical
Association, Washinglon, D.C., USA, Mug 711, 1599,
Aviat Space Environ Med 69 (5) 1989, 419
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Eﬂ‘et't! ofnlll:llp roll stabllization on human performance
nglis ) )
agrison T R, Dobie T G, Willems Q C, Webb 8 C,
Endler J L (Naval Bicdynamics Lab., Now Ocleans,
La. 70189-0407.)
6lst Annual Sciemiific Meeting of the Aerospace
Medical Asyociation, New Orleans, Lonisiana, USA,
lltz A l:;;?. 1990, Aviat Space Environ Med §1 (5)
)

Simulator sickness a problem for rotocraft simulation
training and ul‘etK‘annmh]T
MeCaul e; M E (Moanterey Technol. Inc., Carmel,
Calif. 26380,)
8131 Annual Scientific Meeting of the Aerospace
Medical Association, New Orleans, Loulsiana, USA,
% l.‘!al‘?. 1990, Aviat Space Environ Med §1 (3)

[Motion sickness and flight simulation, An anamnestie
Investigntion] [French]
Leger A, Sandor P (CB.V./LLAM.AS,
Bretigny-sur-Orge.)
Travaux Sclentifiques Des Chercheurs Du Service De
Sante Des Armees (10) 1989, 235-236

Motlon slckness symptoms and postural changes
I‘gllosﬁt:f fights in motion-haxed flight tralners
nglis
enlnedy R.9., Allgood G.0., Van Hoy B.W,,
Lillenthal M.Q. (US )
J. Low Freq. Noixe Vib, § (4) 1987, ppl47-154

Slmullto‘l; Induced syndrome in Coast Guard aviators,
nghly
ng‘l T) (Wrlight State Univeraity, Schoal of Medicine,
Dayton, Ohlo,)
Aviat Space Environ Med §9 (3)Mar 1988, pp267-72

Effects of visunl dsplay und motlon system deluys on
orernlnr performance and uneasiness in a driving
mulator, Eanllllhé
Prank LH, Cuuali JO, Wierwille WW
Hum Fuctors 30 (2)Apr 1988, pp201.17

Stmulutor skekness in U.S. Nuvy flight shoulators
w'ublhhad erratum appears In Aviat Space Environ
wd 1989 Mu{;&ﬂ(&)e 7M {English]
Kennedy RS, Lillonthal MA, Berbaum KS, Bultle
DR, McCauley ME (Essax Corporation, Orlando, FL
32803.)
Aviat Space Environ Med §Q (1)Jan 1989, ppl0-6

Limitations of postural vaulllhrium tests for exumining
simulator sloknes. [English]
Hamlllon KM, Kantor L, Magee LE (Dofonce and
Civil Instituts of Bnvironmental Medicine, Downsview,
Ont,, Canuds.)
Aviat Space Environ Med 60 (3'Mar 1939, pp246-51

Simulator induced syndrome: evidence for long-terin
afierdffects, |English}
Unge T§ (Wright Bite Univeralty School of Medivine,
Dayton, Ohio,)
Aviat Space Environ Med § (3)Mar 1989, pp252-5

The time course of postflight slmulator sickness
amptom. [Bu'?uuh]

lzley DR, Kennedy RS, Berbaum K8, Lilientha!

Ma, CGowsr DW (Butex Corporation, Orlando, Plorida

32!033
Avial Space Environ Med §0 (11)Nov 1989, pp1043-8

Control of simulator skckness in an AlH-64 aviator
[letter; comment] {English}
Crowley JS
Aviat Space Environ Med 61 (6)Jun 1990, ppS84-5

Simulator sickness ln an army simulator, [En;lhh%
Bralthwaits MG, Braithwaite BD (lat Artnoured Field
Ambulance RAMC.)

J Soc Oceup Myd 4Q (3)Autumn 1990, ppl0S-10

18, _Space Sickness

Spuce motion sickness atntus report [English]

NASA, Johnson Spaoe Center, Houston, Tx (National
Acronautics and Space Administration. Lyndon B.
Johnuon Space Centor, Houston, Tex.)

IN: Aerospace envirunmental sysiems; Proceedings of
the Sixteenth Intersocisty Conference on Environmental
Systemy, San Divgo, CA, July 14-16, 1986 (A87-3870]
16-34). Warrendals, PA, Soclety of Automotive
Engineers, Inc., 1986, p. 119121,

Interlabyrinthineasymmetry, vestibular dysfunction and
a)nce maotlon alckness [English]
nrgiladze, Q. 1, Samarin, G, 1., Bryanuv, 1. 1. (Joint
Publications Rossarch Sorvice, Arlington, Va.)
In its USSR Repori Sﬁncv .’Bloln and Aervspace

Medicine, Vol 20, No. 3, May - Jun 198
(IPRS-U."D-BG-GOS) p 21-38 (SEE NH7.20731 13.52)

[The space adaptation syndrome] Le Symirome
o' Adaptation  |'Bspacs {Frengh|
Didler, Veronlyus (Nancy Unlv. (France).)
ETN-87-90120

Adaptive changes ln perception of hody orlentution and
imental Pnuge rotation In microgravity {English
Clement, Qllles, Berthoz, Alain, Lestienns, Francis
(NASA, Universttiex  Spuce Research Assoclation,
Bavlor University, and International Academy of
Astronautics, Imernational Man in Space Sympostum,
7th, Houxton, TX, Feb. 113, 19868) Aviation, Spuce,
and Environmental Medicine 38 (Sept) 1987 pp
A159-A163,

A neurupharimacologleal approach to spuce motion
sickness [Bn lhhf
Guell, Anlonio
IAF, International Astromautical Congress, SSih,
Brighton, England, Oct, 10-17, 1987. 6 p.

latlight and tNight results on the causatlon of
verslon tiuslons and xpace sickness [Bnglish)
?‘N““i.‘;‘,‘;“"' H'sy lom on Scientific Resulis of th
3 e slum on Scientific Resulis of the
Germiun S;m?flammhm D1, Norderney, Federal
Republic of Germany, Aug. 27-29, 1986, Proceedings
(A88-27651 10-29). Cologne, Federal Republic o
Gemla? Wivsenscligftliche Projekifushrung D1, 1987,
p. $38-84s,
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Foliow up of the gastric emptying (GE) by uitrasounds
after a stress (rutatin chn‘r) = Interest of this
method In space during space motion sickness
[English]

Arheille, Ph., Valmalle, R., Pstat, P., Pottier, J. M.,
Ploskof, L.

(International  Union af  Physiological  Sciences
Commission on Gravitailonal~ Physlology, Annual
Mueeting, th, Nitra, Crechoslovakia, Sept. 28-Oct, 2,
1987) Physiologiu, Si oplemm (ISSN 0031-9376), vol.
31, Feb. 1988, p, $-86, §-87,

Spuceladb 3 t  experiment No. 3IAFT23:

Aumenic-rmk mﬁ'nﬁ. a3 @ preventive method
for apace adaptation syndrome [Bnglish}
Cowings, Patrivia 8., Torcano, William B., Kamiya,
Joe, Miller, Neal E., Shurf. Juseph C. (National
Acronautios and Space Administeation, Ames Research
Conter, MoffeitPlold, CA)
NASA-TM-89412) A-87034; NAS |, 1589412

A niew perspective in the ellology, treatment, prevention
and prediction of space wotlon sicknens [English)
Morales, Rogelio, Jr. (Air Force Inst, of Tech,,
Weight-Patterson AFB, OH.)

AD-A203660; AFIT/OSO/ENG/88D-2

Changes in circadiag ehythm of multiple hormones and
thelr relltlomhla with individual susceptibility in
simulated weightiessness [English)

Liu, Kejin, Sun, Hongyuan, Lu, Jun, Zhang,
Guanming, Pan, Xinowu

IAF, International Astronautical Cungress, 40,
Malaga, Spain, Oct. 7-13, 1989, 9 p,

Blochemicnl correlates of aeurosensory chunges In
welghtlesaness (Bnglish)
Loach, Carolyn 8., Reschke, Millard P, (Nationa!
Avronautics and Space Administration, Lyndon B,
Johason Space Center, Houston, TX.)
IAF, Iernational Astronauiical Congress, 40h,
Malaga, Spain, Oct. 7-13, 1949, S p.

Perlodic acceleration stimulution ln spuce [English)
Buron, Ruseli R.
SAE, Intsrsocisty Conferince on  Environmentul
Systems, 19th, San Diego, CAJuly 24-26, 189, 6 p.

Ixsues in development, evaluation, and use of the NASA
Prefight Adaptation'rainee (PAT) [English]
Lune, Norman E., Kennedy, Roben 8. (Ewex Comp.,
Orlando, FL.)
NASA-CR-185608; NAS 1.26.185608; EOTR-48-9

New perspective in the etology, treatment, prevention
and prediction of s miotlon alckneas [English)
Morales, R, Alr PForce Int, of Tech.,
Wright-Batterson AFB, OH. School of Englneering.)
AFIT/QS0/ENG/88D-2
AD-A208 860/4/XAB Deo B8, 169p

[Space adaptation syndrome induced by u long duration
+3Gx cmtrlhu; run] Opgewokt door sen [angdurige
bolasting van +30x in de ccntdm’{c) anglhh;

Bles, W. , Bos, ). B, |, Purrer, R. , Oraaf, B. D. ,
Hosman, R. J. {institule for Perceplion RVO-TNO,
Soeaterber (Netherlanda).)  1ZP-1989.25;
TDCK-19-1085

AD-A218 248/3/XAB Jul 89, 45p
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Development of methods for the study of space motion
slckness (English Translation]
Matvoyev, A. D, (Joint Publicudons Research Sorvice,

Arlln’lnn. VA.)
NB8-15408/3/XAB ¢1988, 11p

[Preliminary studies of the pharmacologicul control of
lgne sickness] BEtudes preliminaires au controle
armacalogique du mal du 1'eupace [Rronch)

{lhaud, C, , Lagarde, D. , Florence, G, (Centre
d'Btuden ot de Recherches de Medesine Avrospatiale,
Paris (France),)

PB8Y-219448/XAB 19 Dec 88, 27p

Spacelab exgerlmenu on l?‘uu motlon sickness [English]
Oman C M (Man Vehicle Lnb,, Dep. Avronauties
g;g?omuucl. Maas, Inat, Technol,, Cambridge, Max,

)
Acta Astronautica 13 (1) 1987, 55.66

The relationship hetween preflight underwater truining
and space motion slckness [English]
Youmans B M, Charles J B, Santy P A (Med, 5l
Div., Johnwon Space Cunt., I-fuullon. Texas 77058.)
Annual Sclentific Meeting of the Aerospdce Medical
Awociation, Las Vegus, Nevada, USA, May 10-14,
1987, Aviat Space Environ Med 38 (5) 1987, 497

Parker D B, Arrolt A P, Reschke M P, Von Glerke H
B, Rock J C, Lichicnberg B K| (Dep. Payohot,,
Miami Unly., Miaml, Ohio 45086.)

Qraham, M. D. and J. L. Kemink (ed. ). The Vestibular
stem:  Newrophysivlogic dand Clinical  Research;
irteenth Mesting of the Barany Soclety, Ann Arbor,

Michigan, USA, May 21-24, 1985, xviii+669p. Raven

Pross: New York, New York, USA. HNlus. ISEN

0-88167-206-8, 1987, 67-70

Spuce motion slckness prefight mdugutlon [Bnglish|
)

[Experlence with developing methods for studylng space
motlon skknes) lRuluﬂnl
Matvesv A D
Kosmicheskaya Blnloi a | Aviakosmitheskaya
Meditsinag 21 (3) 1987, 83-88

Neufghumorul mechanlsm of spuce motion slecknesy

nglis

Origotiev A 1, Bgorov A D, Nichiporuk 1 A (inst,
Biomedlcal Problema, Moscow, USSE(.])
Selected Papers from o Symposium on Space Life
Sciences Held at the 37ih International Astronautical
Federation Congress, Innsbruck, Austriu, October 4-11,
1986, Acta Astronaut 17 (2) 1988, 167-172

Axsessiment of the eﬂ‘\m{1 of medical countermeasures
in space flight [Enqlzil 1
Nicogosslan A, Sulzman PF, Radtke M, Bungo M
(NASA Headquarters, Life Scl. Div., Washington,
i o .
Selecte wrs from a Symposium on Spuce Life
Sciences Held at the 37 Internativnal Astronaurical
Fvd=ation Congress, Innsbrack, Axsiria, Octohir 4-1],
1988, Acta Axtronant 17 (2) 1988, 195-198

i
i
1
'
t
t

e mmge—



B-26

Summar{. of motlon slekness experience on 24 shuttle
Qlights (Engli

nglish
DavisJ R, (’nn erploeg ) M, Stewat D P, Santy P A,
LoganJ § (Flight Med., NASA-Tohnson Space Cont.
Houston, Tex, 77058.)
Annual Scientific Mesting of the Aerospace Medical
Association, New Orleans, Lowisiana, USA, May 8-13,
1988, Avias Spave Environ Med 39 () 1988, 467

Autogenic-feedback tralning an & preventive method for
spaceadaptation syndromeon Spuee-l.uha!ln#hhl
owings P 8, Tossuno W B, Kamiya J, Milier N B,
Sha ¢ ;NASA-Ame- Rea. Cent,, Moffelt Fisld,
Calil, 94035,)
Annual Seientific Mewting of the Aerospace Medival
Association, New Orieans, Loulsiana, USA, May 8-12,
1988. Avict Space Environ Med 39 (5) 1988, 481

Ocular counterrolling In parabolic ﬂliht predictive test
of space motion abckness [English
Diamond § G, Markhmn C H (038. Nourol,, UCLA
Sch. Med., Los Angelos, Calif. 90024,)
19th Annual Mecting a&lht Soclety for Nearoselence,
Phoenlx, Aritona, USA, Octaber 29-Navember 3,
1989, Sac Neurosel Absir |5 (1) 1989, 816

Space wotion  slckness, An  historical  peespictive
Bnallllllv
nox A W (Vanderblll Univ, Med. Center, Nashville,
Tenn, 37212,)
6int Annunl Sciemiific Meeting of the Aerospace
Medical Assoclation, New Orleans, Lonixiana, USA,
% l.‘:&‘ 7, 1990. Avimt Spuce BEnviron Med §] (5)
| 461

Update on the Incldence of xpace mation slekness alnce
STS-26 {Bngihah)
Davis J, Bk B (Med. Operationa Branch, NASA
Johnson Spave Cont., Houaton, Tex. 77058.)
615t Annual Sclentific Meeting uf the Aerospace
Medical Axsoclation, New Orleans, Louisiana, USA,
% A 'f{;ﬁ" 1990, Aviat Spuce Bnviron Med §] (5)

Space motion sickitess intenslty correlates with average
head angular acceleration BnulluhL
Omisn € M, Shubentsoy | (Man Vehicle Lab., MIT,
Cambridge, Mass, 02139.)
618! Annual Scientific Meeting of the Aerospuce
Medical Association, New Orleans, Loulsiana, USA,
bglo IJ-;Z 130, Aviat Space Environ Mud gl (5)
1990, 48

Pharmacologlenl contiol of apuce sickness value wnd

Himit of the rhesus model Macaca-mulaita [Bnglish]
Mithuud C L, Lagande D P, Plorenve G, Tran C ©
{Cent. Btudes, 75731 Purly Cedox 15, Pr.)
A13t Annual Scientific Meeting of the Aesuspace
Medical Assoclution, New Orleans, Loulsfuna, USA,
"9’30 lsv(-’:?, 1990, Avigt Space Environ Med 8] (5)
I \

Space motion sickness prefiight adaptution tralnl
Mg‘r:kmnlur studies wﬂh pr%hﬁype lg:nnm [English

or D, Ruvk J C, Von Qievke M B, Ouyang L,

zgaghk)oM P, Arrott A B (Miami Unly., Oxfurd, Olio
v,
Acia Astrongutica 13 (1) 1987, 67-72

[Motlon sickness and :Juec motion sickne] [Japanesc)
Matsunaga T, Tukeda N (Osaka Univ. Med, Sch.)
Fractica Owlogica Kyoto 81 (8) 1988, 10951120

Space motlon sickness [English)

Ishii M. (Japan
Axian Mld.l.,'.. &] {11) 1989, pp601-608

Characteristics of vestlbular reactlons to canal and
otolith stimulation at an early stage of exposure to
micragravity, [Bnglish
Sirota  MQ, Babayev BM, Beloozerova 1B, Nyrova
AN, Yakushin 8B, Kotlowh{l 1B
Phyxiologist 30 (1 Suppl)Peb 1987, pplis2.4

[Motlon aickness in the aerospace environment] Lo
mainttie da movimento in ambiente asrospaziale,
glnllan. Bnglish]

otondo @
Minerva Med 78 (19)0ct 18 1987, pp1469-76

Clinlenl charucterization and etlology of space motin
sicknen, k%n;lhh]
Thornton WE, Moore TP, Pool SL, Vunderploey J
(Astronaut  Offlce, NASA/Johnson Spuve Cunter,
Houson, Texas 77038,)
Aviat Spuce Environ Med 34 (9 PL 2)8cp 1987, ppAL-8

Poxsible role of braln stem respiratory neurons in
{%ediﬁnmg vomiting during spive motlon sleknesy,
nglis
Mlchr AD, Tun LK (Rookufsller Univemity, Now
York, Now York 10021.)
Avial Space Environ Med 38 (9 P 2)Scp 1987,
PppAL26-8

Gantrolntestingl  motllity In space motion sickness,
[Englint]
Thornlon WE, Linder B}, Moore TP, Puol SL
(Autronaut  Office, NASA/Nohmwon Spuce Contor,
Houston, Texan 77058.)
Aviat Space Environ Med 38 (3 P 2)Sep (987,
PLAl6-21

‘The vestibulo-ocular reflex and its posvible roles in
space motlon alekness. [English}
Wall DG (Dept. of Physology, MeOill University,
Montreal, Quebee, (‘.mudn.)
Aviat Spave Environ Med 38 (9 Pt 2)Sep 1987,
ppAL70-4

lead movementy In Jow and high gravitoinertinl force
environments elicit motlon sickness: inplicationy for
apace motlon slcknens, [Bnglinh}
Lackner JR, Grayhlel A (Ashton Grayblel Spatial
Orlentution Luboratory, Brandels University, Waltham,
Musnachuselts 02254.)
Aviat Space Ewviron Mwed S8 9 Pt 2)Sup 1987,
ppA212-7

Transfer of eptusl-molor teaining and the spuce
ndnp«tb%ndmm. Bng\l’ilm t P
Kennady RS, Berbaum K8, Williame MC, Brannan 1,
Weloh RB (Essex Corporation, Orlando, FL, 32803.)
Avia ?an Environ Med 3§ (0 Pt 2)8ep 1087,
ppA2S-33
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The use of the I?Ilﬂe model in space motion sicknens
rediction, (English)
in KK, Reschke MF (Krug International, Houston,
TX 77088,)
Aviat Space Environ Mud S8 (9 P 2)Sep 1987,
PPAS-1

Mechanisms of selectlve attentlon and space motion
slckness, (Bnglln
Koh! RL (Division of Space Medicine, NASA-Johtison
Space Conter, Houston, TX 77058,
Aviat Space Bnviron Med 8§ (11)Nov 1987, pp1130-2

Comparlson of atroble fliness and space motlon sickness
uring the shuttle program. [English)

Jennings RT, Davis IR, Santy PA (NASA/Johnwon

ggsg; ?cmer. Flight Medicine Clinie, Houston, Texas

Aviat Space Environ Med §8 (5)Mny 1988, ppd48-51

Spuce motlon skkness during 24 flights of the space

shuttle. (Evlluhl
Davis JR, Vanderploog JM, Santy PA, Jennings RT,
Stowart DF TMe foal  Operations  Branoh,

NASA-Iohnson Space Center, Houston, Toxus 77058,)
Aviat Space Environ Med 19 (12)Dec 1988, pp1185-9

Ground-bused training for the stimuluy resrrangement
encountered during apaceflight. (English}
Roschke MF, Parker DE, Harm DL, Michaud L
(Space Blomodieal Rescarch Inatitute, Johnson Spuce
Centor, Houron, Texas.)
Aeta Otolaryngol Supnl (Siockh) 4601988, pp87-93

Aliered sensorysmotor control of the heud ax an
etlological fuctor ln spacemotion sleknesy, [Boglish
Lackner JR, DiZio P (Ashton Graybisl Spatin
Orlontation Laboratory, Brandein University, Waltham,
Mananchusetts 022!4.{

Percept Mot Skillx §8 (3 Pt 1)Jun 1989, pp784.6

[Space  motlon  slckness]  Kosmicheskain  bolezn'
dvizhentla. [Russlan, English]
Qorgiladze G), Brianoy
Kosm Biol Aviakosn Med 23 (3)Mny-Tun 1989, ppd-14

Spuce sickness on earth {letter] [Englivh)
Ockulu WJ, Fuerer R, Memerschmid B
Nature 340 (6216)Aug 31 1989, ppsB|.2

Phurmacology i space. Part 2, Controlling motion
sickness, |Englisl \
Lathers UM, Charles )B, Bungo MW
Trends Pharmacol Sci 1Q (6)un 1989, pp2dl-50

[Requirentent of su *ldeal” deug for prevention of space
motion sickness] O trebovantinkh kK “lded'lnomuy”
fekarstvennomu  sredsivi profitakiikl kosmicheskol
boleani dvizheniin. {Ruasian, English]

Karkishohenku NN
Kevtin Biol Aviakosm Med 23 (6)Nov-Dew 1989, ppdd.6

Simulation of space adaptation syndrome on earth,
[Bnglish
Oekels W), Furrer R, M hmid B (Burop
Spave Agency, BSTEC, Norrdwijk, The Netherlands.)
p Brals Res 19 (3) 1990, pp6si-3
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Space motion sicknesy, [Bnglish]
Pingree
J R Nav Med Serv 78 (1)Spring 1980, pp25-32

Instabllity of ocular torsion in zero uruvn(v: possible
Implications for spuce motlon sickness, (English)
Diamond 86, Markham CH, Money KB (UCLA
School of Medicine, Department of Neurology
90024-1769,)

Aviat Space Envirun Med §1 (10)0ct 1090, pp899-905

16, _Test Methodology and Analysis

Suhjective concnmilnntl of motlon slekneas: quantifylng
rgmllloa-lnduced iliness  In  aqulerel  monkeys.
nglia
[Vll \zeaki CR, Lowry LD, Qreen 8J, Smith BD Jr,
Molnick H (Department of Otolnryngnlog , Thoman
J‘eofll‘gl:’mn Unlveexity Madieal College, Philadelphia, PA
)
Otolaryngol Head Neck Swrg 92 (5)Nov 1987,
ppd3d-40

Motlon sicknens: A study of ita etiology and a statistical
nnnlysls [English]
Miller, Roboert D. (Alr Force Inat, of Tech.,
Wright-Patterson ARB, Ohio.)
AD-A177786; AFIT/GCS/ENG/RGD-2

A collection and statistical wnulysls of hkaphfnk-ul tata
to predict motlonsicknes Incidence H nglish]
Mophoerson, Michdael R. (Alr Poros Tist. of Tech.,
Weight-Pattesson AFB, Ohio,)

AD-A1 78874, AFIT/GCSIENG/86D-2!

Stnulator sickness = Some measurenient isues [Englinh)
Uliano, Kevin C., Kennedy, Robert 8.
IN: Simulators 1V Proceedings af the SCS Conference,
Orlamlo, FL, Apr. 6-9, 1987 (ARS-22867 07-66). San
%537(,“6‘.4, Society for Compuer Shmulation, 1987, p.

A nmd{.of motlon sickness: Mathematical modeling and
data analysis [Englinh)
Scolt, urk P, (Air  Foree Inst. of Tech,,
Wright-Palterson AFB, OH.)
AD-A202770: AFIT/IGEO/ENG/RRD-4

Anulryuh of physiological duta related to motion slcknesy
gr r‘u;llu a realthne motlon sicknens Indlentor
nglis
rylie, M. E (Alr  PForce Inst. ol Tech.,
Wrighl-Patterson AFB, OH. School of Englisering.)
AFIT/GE/ENG/ATD-16
AD-A18Y SKY/S/XAB Deo 87, 86p

Motlon skekaesst  quantitative, algorithinike malalve
indication in real time lEnghlhl
Fix, B, L. (Air Force Inst, of Tach,, Wright-Patieraon
AFB, OH. School of BEngineoring.)
AFIT/QGE/ENG/87D-10
AD-A18Y 674/5/XAB Dex 87, 109p
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17, Treatnent other than drugs

StndJ of motion sickness: mathematinal modeting und
[

Soup ol B0 pores T, of Tech ¢ efight aduptation tealni

o0 . F. r Pores lInst, of Tech, Effects of proposed preflight adaptation teaining on eye

Welght-Patierson AFB, OH, School of Engineering,) mounl:un ul?mo:fon perception, and molhfn

AFIT/GEQ/BNC/8BD-4 sickness - A progres reﬁm [Bn\,llnh]

AD-A202 770/4/X4B Deo 88, 106p Parker, D, E,, Resohks, M. F., Von Olerks, H. B, j
Lomard, C. 8, (Nationa] Aeronaution and Space 3

Administration, Lyndon B. lohnsony Spaee Center,

tixploratory analyas of motion sickness data: a ilme Houaton, Ter ) %
wetlen approsch [Bnglish) ASA,  Universitles Space Research Assoclation,
Thoimpson, D. C.  (Air Potcs Inst, of Tech,, aylor University, and International Academy of 4
Wright-Palterson AFB, OH. School of Enginsering,) Astranautics, International Man in Space Symposium, ]
AFIT/GSO/EMS/89D. 15 7th, Houston, TX, Feb, 10-13, 1986) Aviation, Space, 3
AD-A215 534/9/XAB Deo 89, 151p and Environmenial Madicine 3§38 (Sept) 1987 pp 3
Ad2:AdY, : {‘é( |
Development of standardized test gmoduru using o w
reversing prisms for the study of motlon slckness Vestibulur-yisual confliet training (English] ;
kﬂnlmh Tgnranhl, Makoto, Himj, Tetavo, Kulesz, Walter B.,
olkfa J J, Brumley E A, Vanderploog } M, Wood § obayashl, Kazutoyo (Baylor Coll. of Muodivine,
J, Reschke M F (Krug Int, Technol, Lif Se¢i. Div,, Tlouston, Tex.)
NASA-Johinson Space Cent., Houston, Tex, 77058,) IN: Biologleal sclences in space 1988; Procerdings of
6lat Annual Sclent{fic Meeting of the Avrospace the 1986 Internaiional Symposium, Nagoya, Japan,
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scopolaming to a standard metoclopramide and
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therapy with scopolamine] Kinctowepropyluxe bei
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Treatment of severe motion sickness with antimotion
sickness drug injections. [English]
Grayhiel A, Lackner JR
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Sunahars FA, Farewell J, Mintz L, Johnson WH
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Howpital, Denmark.)
A;‘l& 9Omlaryngol (Stwckh) 108 (1-2)Jan-Feb 1988,
ppas-

The Republic of Singupore Navy’s Scopoderm 1TS
sudy: results after 2,200 man-days at sea, [Bnglish)
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Catle RR, Qusakova GA, Subacy VV, Galle NN
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Tranydermal scopolumine; u review of lis effects upon
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Aviat Space Environ Med 0 (1)Jan 1939, ppl-9
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sickness, [Englis : |
Lathers CM, Charles JB, Bungo MW
Trends Pharmacol Sci 1Q (6)Jun 1989, pp243.50

The antl-motlon sickness mechanism of ginger. A
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Kurkishehenko NN
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Therupeutle effects of antliiotion slekness medicailons
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{Vogd CD, Stewart JJ, Wood MJ, Manno JB, Manno
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New untiemetle drugs, [English)
Sanger G) (Beecham Pharmuceuticals, Medicinul
Reacarch Division, Harlow, Bakex, U K.)
Can J Physicl Pharmacol 68 (2)Feb 1990, pyi3f4-24

[The pharmacalogical regulation of physiologlenl
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Shashkov VS
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Implemented by the Consultant and Exchange Programme,

B-33

.

e e -~




Old
“SIOTEINE
Pogoup JO Aupqeanamns a1 poe sdnps wog Fugessdo
MIOIIE S19JE 1 SE 1) 05 U1 000D ENPIURKIE JO OSTE 5T
SSOUPISEYS SINPUONSE JO ASENAD ML S00PA SSMPIS
aveds poe Junn OIS JO 30353 o Jperiop
w3 ssomprs Joremung  {sdoonered -§3) sa3udssed
pee sane 30] svogerxdo remdau o1 pue Zmaren
Smiy Fmmp wopqosd € 3q 01 SHMMNOD ‘SEATPISIE
saded 7oz
661 13quirdag pagsqng

o iy

‘OLd

“SIOTEINE
PAPUD Jo AWpqeaiams ap pue sdaps woy Sunexdo
SEMDIDISEIS “SINENONSE J0 AJUNNED S SDAPI SSIUPNS
3sods pure Sunen JoTEns i3 S 2perdap
TED SSOIPMS  FOITIING 39) s d
pue mame 10 swogendo mpdy m poe Junmen
Fmig 3ounp wxngosd € 2q M sNEMBOY “SSADPSIE
ipgeogoads ‘ssangws  wonow  “sonuape  edsorce o

saded 7oz

1661 1queidag pargang




G- FEHrLE£8-06 NESI G-HE00-C£8-06 NUST
nureE@oy 3SueipPyy pue I ) 21 Aq PR ch -umresiolg Fuerpxy pue IURmsuo ) iy Aq pomonoydun
Eﬁﬁ.nuﬁi%iﬁggﬁuasﬁsgggé maq Ser "QUVDV JO 13UEd eopojy dedsolay 3 4q paiesoods SR umaxy sy
gi% - agn!u%
Arnqrdoosns JO JTOWSSISTE PUE BOILSHIG AQgndaosTs JO MIMSSISIE PHE DOUINDS
SSHNPIS JofernTs pue e3s <oeds e jo sasmyesy poads TSP 10TENIIS PUe €35 *oeds 1w jo sniesy eoadg
vonow 3aneioacid jo SoustRIETeR sG] BOnO AnE30a0Md 10 SINSUICIRYD fEIesAld
SR BONOE Jo uegads pnogendg - SSHDPTS BOTMA JO Uy reuogesxd
CSHIYOTS BOYO JO SUMEE] [eIan|) SSIUPLS VONOE JO SITMILI) AU
DIE SYMUDI T] ML U parawod 3q 01 soudol e are SUMII TT N T PAIIacd 3q 01 sadoy o
SSADPTS BoBOW Jo SRS BOQOW JO
ﬁ:ﬂnvﬁ%!—&.g&!ﬂﬂﬁ JUEAPE T JO NI IO T UMHGO | IBIUIEIN PUE AZ0{005E 1 JO SWPULIIIPUN N U] SIOTLAPE JHIOA JO MIMAIINO BE UFEIQ0
ogs. S ARNO ~gﬂfxgﬂu§ﬂu—ﬂneaﬂo~ﬂ§£~c§f& 01 gSIm Ot SEXPO OF 1SAUIFBI JO 3G OSFE PINOYS 1] “SI0np ared Arennad irap jo ouemzoyiad
M i s wE g Susnoend pre o3 ‘Apremud pauBisap U20q Sy SSURS UMY MY ¢ Q@ W sBoadms 1y3g4 Smsnoesd pre or {uewud poudierp 1oq ey SMIDG MY MY
O-1HE£90-5£8-76 NES1 O-1£90-S€8-26 NHSI
| e oy SFmeypx pire EEU»EE?«EEH: uwwexdol Fueyoxy pue WRNSU0)) M} Aq pIAUCdun
[ B ST YYDV D PURg [y oedsoray aq Aq parosuods sauag amida sy | 5a0q sy @EVOY 10 PUed Eipejy aoedsolay ap iq patosuods Sauog amiyo sug
TTOTSTOSY] Qe PUNCY € Al SPHUD [ SAHIIG I N ) UARSIISK(] AL PUNOY E [la IPRPO0D [iw SIS 2] AL
Juamadeneul poe snepigdory 2 u:u.:umﬂnﬁuv:nﬂvﬂ{ci z
Aupqudadsns J0o JUNDSSISSE PUE VOURPS 9 4 dsosns )o PERTORIRS 9
SSOUYNS Jolepmns pae exs “eds 1w Jo sampedj eadg C S ggggi%ﬁgg EY
Bonow 3311230404d JO SOUSLRDPEIRY @ISAY] :ﬂuﬁhvauggubgguh +
suswegaw fexsoosiydemsn pue ASojonay € swsTuerpg eo@oposiydoman pae Gopndy f
WIOPIS BOQOWI JO IneIguds eeonesdy T SSAPL DOQOIN 0 SOURIGIES Fuogesadg ¢
SSHDDNS BOROW JO SAMIES} AN} | SSMDPIS GODOM JO SAMEd) fEomy) ]
31' SAMIA| 1 31 Wl PAIIN0I 3 01 sudo1 g DIE SAMIIA 7] ML U1 PA33A00 3q 03 s:wdo] Sy |

SSHPIS BONoW o SSROPAS BOHOA JO

gg N pue AZ0ENIe 21 JO SEPURISIIPUN Y 1 SIOULAPE TUIDI JO MMAIIN0 U WO | MEAMEID pee AF0(007€ 21 JO RPULISIMMIN G U1 SITRAPE M JO m 1410 I R0
U1 STM O SIMYI0 0) [SIIMIN JO X OS2 prrogs 1] Uﬂ:ﬁaﬂ-ggﬁgﬂu& OL ffSIm 0G4 SINQI0 03 15U JO 3() OSfe PIOYs 1f ﬂEﬁECEE 111 3o Idvewno;ad
muﬁ 1 suoims ndn 4 Swsnoesd pre o1 “(uewd “poudisop uaaq sey SIS M H{, | g7 uY swoadng WF Smsndesd pre 01 “Auenid PAFOP EI3q SeY SIUDG AMIT WYL




EANGY AN
NaTo &5 oTAN
7 RUE ANCELLE + 92200 NEUILLY.SUR-SEINE
FRANCE

Téldphone (1)47.38.57.00 * Télex 610 176
Taldcople (1)47.38.57.99

DIFFUSION DES PUBLICATIONS
AGARD NON CLASSIFIEES

L'AGARD ne ddtient pus de stocks du ses publications, dans un but de distribution générale & Fachresse cl-dessus. La diffusion initisle des
ublicitions de PAGARD est effeetude nupres des pays membires de cette organisntion par Vintermédiuire des Centres Nationaux de
Dists ibution suivants, A Fexueption des Elats=Uniy, ces centres disposent putfols d'exemplubres udditionnels; duay les vns contraire, on peut

e procurer ces exemplaires sous formo de mierofiches ou de microvoples suprés des Agences de Yente dondt laliste sulte,
CENTRES DE DIFFUSION NATIONAUX

ALLEMAGNE
Fuchinformationszentram,
Karlsruhe
13-7814 BggensieinsLeopoldshufon 2

BELGIOUT
Coordonniteur AGARD-VSL,
Etat-Mujor de In Foree Adrichne
Quatior Relne Elisubeth
Rue d'Evere, 1140 Braxollvs

CANADA
Directeur du Service des Renseignements Selentiliques
Ministore de I Ddtense Nationale
Ottuwiy, Ontarle K1TA OK2

DANEMARK
Dunish Detence Rusenreh Bowrd
Vo Idruetsparken 4
2100 Copunhigen &

LSPACINE
INT'A (AGARD Publications)
Pintor Rosales 34
38008 Mudrld

WEATH-UNIS
Nutfonal Actomuutios wnd Spuee Adminlstration
Langley Rosearch Cunter
M/S 150
Hampton, Vieginiu 23665

FRANCE
ON.ERA. (Dlrectlon
29, Avenue de ln Division Leelere
9230, Charillon xous Bagneex

GRECH
Hellenic Alr Foreu
Al War College
Scientific and Technical Libvary
Dekelin Air Force Base
Dekelia, Athens TGA 1010

ISLANDE
Direcror of Aviatlon
e/0 Flugrad
Reykjnvik
ITALIE
Acrondution Militre
Ultieto del Delegito Nizionale nll' AGARD
Aeru{mrm Pravlea i Mure
QU040 Pamezin (Romu)

LUXEMBOURG
Voir Belgique

NORVEGE
Norweglan Defence Reseurch Estublishment
Attn: Ribliowket
PO, Box 25
N-2007 Kjeller

PAYS-BAS
Netherlamds Dolegation o ACARD
Nutlonul Acrospuee Laboratory NLR
Kluyverweg |
2029 HS Delft

PORTUGAL
Portuguese Nutionul Coordinator to AGARD
Clnbinete de Bslcos e Progratis

C

Buse de Alfragide
Alfrugide

2701 Amadnta

ROYAUME UNI
Befence Resenrch laformotion Contre
Kuntigern House
65 Brown Strecs
Chvgow O2 REX

TURQUIE
Milli Suvanma Bugkaniid) (MSB)
ARCE Dalre Hagkonhgr (ARGE)
Ankary

LE CENTRE NATIONAL DE DISTRIBUTION DES ETATS-UNIS (NASA) NE DETIENT PAS DE STOCKS

DES PUBLICATIONS AGARD ET LES DEMANDES D'EXEMPLAIRES DOIVE

ETRE ADRLSS

1
AUSERVICE NATIONAL TECHNIQUE DE L'INFORMATION (NT18) DONT L'ADRESSE SUIT,
AGENCES DE VENTE

National Technical Information Service

gN l‘lhg Europeun Srnuc Ageney Deowument h‘lwply Divislon
1285 Port Royul ioud 10, rue Muria Nikls Boston Spi, Wetherby
Springtleld. Virginia 22161 75015 Paris Waest Yorkshire LS23 78Q
Etats-Unis France Royuume Unt

ESA/Information Retrieval Service

“The Buitish Librury

S DIRECTEMENT

Les demandes de yaicrofiches vu de photocoples de documents AGARD (y compris los domandes faites aupriss du N'TIS) dolvent comparter
lndénomination AGARL, ninsi yue le numern dLg série de TAGARD (ﬁnr exentple AGARD-AG-315). Diw informations unilogoes, tefies

Is| ikl

cque e titre et Ta date de publication sont s

Veulller noter i

y ulieu despevifier AGARD-R-ntin et AGARD-AR-nnn lorsde I

communde de rapports AGARD etdes rupports consultallfs AGARD respoctivement, Dex pétérences biblingraphiques complites ninsi que
des résumds des publications AGARD figurent duns les journnux suivinis:

Sclentifique and "'echnical Aermr‘xwe Reports (STAR)

uhli€ por ln NASA Scientific und Technical
nformution Division

NASA Headguurters gN‘I'l'\

Washinglon D.C. 201546

Etats-Unis

Goverament Reports Anhouncements und Index \‘( IRAKD)

l‘gubllé at l¢ National ‘Technical Inlormation Service

\)wlng ield
{rghaca 22161

Etats-Unis
(ecensible dgulument et 1r ode intursctif dans ta base de

dotinées bibliographigue: o Bane du NTIS, o sur CL-ROM)

huprimé par Specialised Printing Services Limired
S0 Chigwel! Lane, Loughton, Exsex G100 3TZ

S R

e

R

-




