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SIGNS AND SYMPTOMS OF MOTION SICKESS AND ITS BASIC NATURE

by K.E. Money
Senior Scientist, Defenco and Civil Institute of Environmental Medicine

P.O. Box 2000, North York, Ontario, Canada, M3M 3B9
and

Payload Specialist, Canadian Space Agency
Ottawa, Canada

ABSTRACT

The cardinal signs and symptoms of motion sickposs are malaise, pallor, (and
or/fluahing), cold sweating, abdominal discomfort, changes in gastric motility, and
changes in levels of circulating hormones. Cardiovascular, respiratory, and other signs
have also been reported, as have a variety of other sensations, feelings and performance
changes.

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

BASIC NATURE

In essence, motion sickness is the activation, by motion, of a poison-reaponse
mechanism. This is obvious: motion gives rises to vomiting.

In certain motion environments, something that must be called "peculiar"
happens. Motion sickness occurs. Motion sickness will be despribad here, and the
description of motion sickness will be based on the assumption that only one peculiar
thing happens: a poison response is provoked by motion. Common sense suggesta that two
or three peculiar things do not independently occur at the same time.

There are two currently-popular thuories of why this peculiar thing happens, why
motion gives rise to a poison response. The older of these two theories, the conflict
thuury, holds that in motion sickness environments the poison response ocoura because of
L conflict. In a motion sickness environment, the pattern of sensory inputs concerning
orientation and motion (vestibular, visual, and proprioceptor inputs) is in conflict
with the pattern 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 utt.rly unable (8,9,14,15) to provoke vomiting in individuals who are
lacking the vestibular apparatus of the inner ear, The theory also does not explain why
such a conflict should produce vomiting instead of deep breathing, dischbrge from the
nose, or orgasm. The theory would apply equally well if the conflict r oduced one of
these things instead of vomiting.

The more modern theory, that of Treisman (25), incorporates the conflict theory
and does explain why vomiting should occur. Treisman's theory holds that the
conflicting sensory inputs are interpreted centrally as neurophysiological dysfunction
caused by poisoning. Treinman postulated that the brain stem mechanisms of orientation
and motion normally perform an additional function as well as maintenance of bodily
equilibrium, stabilility of gaze, etc the additional function is to detect and respond
to certain poisons. In motion sickness situations the conflict in sensory inputs
simulates poisoning in those neural mechanisms.

There is convincing evidence uf the basic validity of Treisman's theory. It
seems clear that the brain stem mechanisms of orientation and motion do in fact function
also to detect and respond to certain poisons. The experiment showing this (13,14)
found that, in experimental animals, snirgical 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 evidence that the vestibular system is
involved in poison response. The surgery ancroachad only on the ear and, of course, it
also rendered the animals completely nonsusceptible to motion sickness. The vestibular
system is involved in poison response in circumstanoes of motion sickness and also in
circumstances of poisoning with certain toxic chemicals.

Motion sickness is a poison response provoked by motion. It in a poison response

provoked by motion acting (directly or indirectly. on the vestibular system.

SIGNS AND SYMPTOMS

The signs and symptoms of motion sickness can be considered the manifestations of
the poison response. Although Treisman confined his theory of motion sickness to nausea
and vomiting (25), it is clear that, whenever vomiting is provoked by motion, other
bodily responses are also provo.ked, and sometimes these other responses occur and
vomiting does not occur. Sometimes pallor, cold sweating, and malaise occur in a motion
environment and vomiting does not. Motion sickness is a poison response 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 presence of a
poison. It is produced by a motion stimulus that masquerades as a poison. It is
interesting to think that a person known to be poisoned (for example, by apomorphine)



would think that the poison Is a terrible one because of the horrible nausea, pallor,
cold sweat.ig, vomiting, ate; but the reality might be that the dose of apomorphine had
no adverse effect on the body, except that it triggered one of the body's
poison-response mechanisinnr then the body inflicted all those miseries on itself. A
poison that causes facial pallor might not do so by a direct influence on the blood
vessels of the skin, or even by w direct influence on the autonomic nervous systemt it
could do so by activating one of the body's poison-response mechanisms, and that
mechanism could then act on the hypothsaamic centers controlling the autonomic nervous
sytem to produce the facial pallor. In motion sickness it seems that when the
poison-response mechanism is activatedl the body then inflicts on itself a variety of
signs and symptoms, to be described below.

Motion sickness aigns and symptoms are often thought of as, first, nausea and
vomiting, and second, all the "other" ones. However, as indicated above, it will be
assumed here that only one peculiar thing happens in motion sickness environmentsa a
poison response is rrovoked. There is no reason to think that snything else is
happening, and all the signs and symptoms will be considered to be part of the poison
response. The 71-qns end symptoms of motion sickness will therefore be classified as,
first, those associated with emptying the stomach, and second, those associated with
counteracting or surviving the part of the poison detected (incorrectly) in the
bloodstream.

There is a considerable number and variety of signs and symptoms that differ in
different individuals (1,2,3,4,6,12,17), However, some signs and symptosa appear to
occur in all, or almost all, cease of motion sickness in humanep and only these signs
and symptoms will be listed here.

SIGNS AND SYMPTOMS ASSOCIATED WITH hiM1'PYING THE STOMACII

Abdominal awareness
Abdominal discomfort
Nausea
Motility of the stomach
Vomiting

SIGNS AND SYMPTOMS ASSOCIATED WITH COUNTERACTING Oi SURVIVING THE POISUN IN 'THi|E BLOOD

Malaise
Sleepiness
Ieadach.o
Pallor (and/or flushing)
Cold sweating
Cardiovascular changes
Endoorinological changes

Abdominal awareness, abdominal discomfort, and nausea are possibly parts of a
gradient of a mingle symptom that would have the effect of preventing the further
consumption of a toxic food. They would also tund to have the effect of preventing the
consumption of that food again on future occasions (25). They are possibly thq
conscious reflectioi. of unusual activity in the central emetic mechanisms (6, 12).

Motility and tonus of the stomach decrease with motion sickness in most human
subjects (7,1?). Oastric (and intestinal) motility has been observed in motion sickness
in humans by listening to the gut sounds with stethescopes and microphones (24)r the
sounds diminish, usually to silence, with iotion sickness in spaceflight. X-ray studles
of the gut before and after exposure to nauseogenic motion (16) also reveal decreased
motility with nausea in most subjects. Balloons have been placed in the stomachs of
humans subjected to motion sickness (3,7,26),. overall, decreases of tonus and motility
predominate, but some prominent exceptions are reported (3). In one subject with a
rqastric fistula, direct visualization of the stomach during nausea was possible, and
this subject together with three normal subjects with gastric balloons was exposed to
vestibular and other nauseogenic stimuli; "nausea occurred only during gastric
relaxation and hypomotility" (26).

The electrical activity of the gut has also been studied during motion sickness
(6, 19,20) using electrodes attached to the skin over the stom&ch. The electrical
activity recorded in this way is called the electrogastrogrum or EGO. The EGG changes
with motion sicknessr the cban,e is typically a decreased magnitude of the EGO voltage
(6,20) and an increase in the basic electrical rhythm from the normal 3 cycles per
minute to 5-7 cycles per minute (19,20). This increase of the basic electrical rhythm
of the EGG, although it is called tachygastria, is in fact associated with gastric
stasis, decreased gastric motility (20,23), so that the Increased EGG frequency is
consisaten-t withe decreased gastric motility observed with microphones, balloons, and
x-rays. The decreased amplitude of the EGG is elso associated with decreased motility.

The EGG is an index of interest in studies of motion sickness: it is an index of
something underlying motility. There is no simple relationship between recorded EGG
values and, for example, recordings (in dogs) from force tranducers fixed to the gastric
morosa (18). The basic electrical, rhythm of the EGG reflects *pacesetter potentials of
the stomach, but not gastric contractions" (20). However, when gastric contractions do
occur Lawy a•m time-locked to the LUU. At che higher basic EGG rhythms, contractione



tend riot to occur at all. Al1so, "the amplitude of the IIIG increases when a contraction
occurs" (20). in motion sickcness, both the increased frequency of the basic electrical
rhythm of the EGG anti the decreased EGG amplitude indicate decreased gastric motility.

It in possible that the decreas* in gastric motility would have survival value in
someone who had ingested a poison: it would tend to keep the poison in the stomach,
where absorption might be slower and where vomiting could remove it.

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

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

The pallor, the cold sweating, the cardiovascular changes, and the
endocrinological changes of motion .sickness can all be seen as perts of a general stress
response that includes an overall activation of the sympathetic nervous system (814s).
The stress response (it is assumed) unhances 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 stomacht a poison-response moch~nism hall been
activated. It should be noted that moat motion sickness environments do not stresm Lhu
body; babies sleep in these environments, Only if the poison response is provoked does
the stress response appear (in the absence of stressa).

It Is unlikely that pharmaceuticals selected to counteract the autonomlo signs of
motion sickness would be satisfactory, because no one suffering from motion micknems
cares about the autonomic signor only pharawaceutioals that counteract tile rnausea alld
vomiting are relevant to the nofferer' s deslies.ý

Pallor ia a result of vasoconstriction in the skin, probably in renponse to an
increase in the leN9 activity to the blood vessels of the skin 16), and it Is a signl of
motion sickness that: is almost invariably (3) sesn before voiniting. It has been found
recently* however, that in somne individuals there is flushing ats part of the skin a
reaction in motion sickness (11). Sweating (eccrino sweating) similarly results from an
Increase in Activity In the SNS supply to the sweat 'Iands1, althouqh the postgangIlioiiic
SNS copply to the uweat glands is chelierlgric )r 6). 'Pil C11r'IoCVA0ecnlAJ' uiaijeeII Of InotiUti
sickness are also consistent with (in overall activationl Of tho SNS: the pulse rAts
Increases slighbtly (2,3) and the blood flow tu ekeletal mnusclu i ncresaes (21).

The endocrinological channges withi rtion sickness alan Veuimublw a stress
response. Recent studies have found that humans IIIi otion s iuknsan have iiict'eaeud
circulating levela of AVII, ACT11. 14PI, NE, Gi1l, awl PIIL 6 ii,2) AVPIllmeanH
fltntidiuretiu ho, leone, AL"I'I measn adrenovort inut iphin hormonrl l0i1 moann: nphinph rin, Ni-i
mneans noredrenialin, Gli means growth hormone, and PHL Insanls prolactinl

Although thise particular collection of' autotiemirk artid nducl'inolog].coal respoinno
is typical of it stress response, it is niot cluar exactLy how it wonuld ImI provu th
chalnces Of e rv iv ili a Poision Perhaps this I woulei he cl..oar iri'It we lu knowtl what pci 1101
the body thinks it has inges ted in tiat-ton sicknesst or perhaps the response is
appropriate for several, or evenl momt, poisons.

To the extent that awtiori micknuua,; is n-issar anrd vnilli t-Ing. theA ",-lh'ir- 0,t'i -In' d
symptoms ar" pociliftir epipheollliola, hilt if it Is anhiumed that only one poeculiar thinq
happens ill not Loll aicknues (a poison rosponse is provoked by unnatuiral irut loll), thun all
the n igyni and aymlptollia must he part of that poison reiponee * If the autcniomic ,Žffact~ii
wore pecuiliar opiphenomana, it would be difficult to understaind hlow threir iieniiipuiatioti
by cortical control, ustng autogen~ir feedback, could 11ifliunlco the nausea and Voillitiqlg
It would be like pushing on a stri i . However, if the autoiiomic effects are part of a
poison response it is iimiodiately underetandihico that a cortical input to tho ,niitonioiilc
effectora could take a route (for example) through the poiseon- response mnerhanism dill
affect also other parts of the poison response, such as nauseetan~id vomiitinlg. Autogenic
feedback trainling does, of course, influence nausea and voiiiting, but how it doel so is
perhaps easier to understand if it is assumed that mli signs and syisptorrs of motion
sickness are ppArt of a poison response.

If cortical input to the autonomic effectors of motion sickness can exert a
desired Influence on the nasusea anti vomiting, then perhaps (with trainling) a cortic-Al
influence on the sleepiness und malaise eight be beneficial alsol thle cortex night,
convince itself tby way of the poison-responee mechanism) that it feels fine, that- it is
ill excellent health, anid that it is wide awaktiý in doing so it miight attenuate the
nausea, and vomiting.
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INTRODUCTION

The mechanisms of motion sickness fall under three component topics, which separately
involve distinctive subject matters and together challenge the entire scope of neuroscience disciplines.
The components are: I) The process involved in the sensorimotor and perceptual-nmotor adjustment to
the sustained experience of unusual motion. 2) The neurochemical link whereby the neurochemical
processes and byproducts of sensorimotor adjustment accumulate to a 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 performiance.

Motion Sensorimotor Neurochemical Sickness
Stimulus Adjustment to Link SyndromeConflict

Figure I. Motion sickness involves three component topics.

The three components, though distinctive, are interactive. Etmlesis often gives relief so that
unusual motion can again he tolerated, at least for a while, but the malaise associated with the sickness
syndrome may reduce willingness to remain in the motion envir-onm1ent long enough to achieve
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 newcomer to this field, excellent reviews and overviews arc
available (Crampton 1990, Benson 1988b, Davis "tl., 1986, Graybicl 1969, Money 1970, Reason
and Brand 1975, Tyler and Bard 1949).

OVERVIEW

A verbal picture by Crampton (Carr and Fisher 197?) several years ago, presen:ted here as
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
vestibhular 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 goal of the movement and he also is aware of the state
of the muscles, in advance. When messages from motion sensors are either in conflict with one
another or occur in an unfamiliar pattern, the homunculus is confused and with confusion of sufficient
length or intensity, he will sweat or vomit and contaminate the cerebro-spinal 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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SENSORY SYSTEMS INVOLVED MOTION SICKNESS

"The sensory-motor systems involved in motion sickness are those that detect motion relative to
thle earth and, by their central neural processes, generate Inotor responses that serve to maintain
balance, to stabilize vision through oculonlotor control and in general serve to improve the quality of
tbe control of motion relative to the earth. The vestibular system, the visual system, and the
proprioceptor system (tile 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 csQusively dedicuted to: 1) detecting mtrotion of the
head and body relative to the earth, and 2) generating reflexive motor activity that improves tuotion
control while motion is in progress. The vestibular system is more like a sensorimotor system thanti a
simple sensory detector. Vision, audition, olfaction and touch often serve to locate and detect motion
of objects relative to the body. The vestibular system does not detect objects in the environmnent but
rather serves to provide 3-dimiensional earth-reference to visual and auditory inmages of objects, slopes
and paths its the head changes orientation relative to the envirotment. Fromt this perspective, sensory
messages from muscles and oints and tactile information from weight-bearing surfaces are allied to
tile vestibular system in the business of controlling motion relative to tile earth lind in detecting the
direction of gravity in order to maintain balance and control mootion relative to the euarth,

A cornerstone fact in the present fund of knowledge oil motion sickness is that a functional
vestibular system is necessary for the occurrence of motion sickness. Elfforts to evoke motion
sickness in man and animals deprived of vestibular function, have consistently failed (James 1882,
Kennedy t l., 1968, Reason and Brand 1975, p,86, Sjobcrg 1929, Nang and Chinn 1956), Evea
partial destruction of different vestibular endorgans confiers a (hegree of inmmunity, ait least utntil centrtd
compensation for the partial peripheral loss has occurred (Igaralti, 1990). lBecause of its central role
in motion sickness, Utnderstanding of the vestibulhr system is necessary to tile appreciation of tile
stimuli that initiate motion sickness.

TIlE VESTIBUIAR SYSTEM

It is beyond the scope of this chapter to provide a detailed description of the vestibulir 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 inechanisnis of motion sickness. Figure 3
provides a summary overview of vestibular connections to the systems involved in motion sickness.

The vestibular sensory endorgans consist of two kinds, of sensors: time semicircular canals that
detect angular acceleration of the head and the otolithie membranes that detect tilt relative to gravity.
These two sets of acceleration detectors are 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 ear.
The receptors in either ear tire capable of detecting aind setting off reactions to all of the directions of
angular and linear motion that tire nonnally detected by hotil ears,
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SEMICIRCULAR CANALS

The semicircular canals detect angular acceleation and are not affected by linear acceleration or
by different orientations relative to gravity. The semicircular canals respond in exactly the same way
irrespective of whether they are at 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 lie 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 i tube
walls whenever the head experiences an angular acceleration in the plane of that canal. Displacement
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 areas of the brain by sensory hair cells lying at its base
because hairs from these cells extend upward 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 pritnary function is to maintain stable retinal
images of the visual world, Though stimulated by angular acceleration, the dynamics of the cupula-
endolymph system 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
velocity azpproximates frequencies of natural voluntary movement,

OTOLITIl ORGANS

The otolithic membranes, in the utricle and the saccu!e, function like density-differenlce linear
accelerometers. The specific gravity of the calcite crystals in the utricular and saccular membranes is
much greater than that of the surrounding gelatinous and fluid mediurm. When the head tilts to the
right, the utrictilar metmbrane slides right due to the weight of the etnbedded crystals thereby bending
cilia of underlying hair cells. The pattern of cilia deflection signifies rightward tilt of the head. A
different pattem 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 accelcr,,tcd 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 horizontal linear acceleration so that it does not always signify tilt of the head (and body)
relative to gravity. Recordings from different otolith primary afferents show that some units respond
maximally for particular tilt directions and angles whereas others appear to be influenced by movement
rather than 9.itin of the otolithic membrane (Fernandez and Goldberg, 1976).

When horizontal linear accelerations are sustairted (as can be done by maintaining fixed head
position relative to a constant centripetal acceleration vwctor on a cenrifuge) tilt is perceived as would
be expected by the "steady-state displacement of the otolithic membranes. But when the linear
acceleration is brief and changing, then the person perceives linear movement, Movement-sensitive
otolithic afferents may provide information otn the linear velocity of movement during changing linear
accelerations if the frequency characteristics of the change yield continual movement rather than
"steady state" displacements of the itolithic membrane. However, how would the vestibular system
immediately discriminate horizontal linear oscillation of the head from rapid to and fro tilts of the h-,ad
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 tilt; dynamic tilting produces both semicircular canal
signals and otolith signals.
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Figure 3. WIneTelat iOnlS of various neural structures associated with the vestibular system.
Structures involved in reflexive and purposive behavior elicited by physiologic
vestibular stimulation are indicated by heavy dark arrows. StrUCtures assoiated with
vegetative effects elicited by unusual vestibuilar Stimla)LlltiOnl 1ar. bounded by the clashed
linle. Modified from Cor-reja and (Iiucdriy (1978),

CANAIJOTOLI'I'll INTER ACT IONS

F unctionally, the semnic ircular canals tell the brain about the rau of'rotationl of [lhe head relative
to thle earth when head movements approximate the temporal (frequency) characteristics of natural
head motions. At much lower frequency of angular oscillation, thle canal sigivil can be considerably
p~hase displaced relative to the head velocity so that a turning motion may be perceived as stopped anld
even reversed in direction before thle head movement actually stops. The canals locate tile axis (or
plane) of' turn relative to hJ hea but they do not provide information on hlow that plane of head
rotation is oriented relative to the earth. For example, when the head I s turned from leftward gaze to
rightward gaze, the horizontal canals provide rate Of turn information throughout the turn and the brain
can integrate the velocity information to know how far the head has turned (Blloomberg ". 199 1,
Guedry 1974). The predominant horizot'tal canal signal indicates that the head turn is in thle yaw
plane of the head. If the gaze is change .by movement of the head and vyes from extreme upward
gaze to downward gaze toward the Feet, the vertical canals indicate thle rate of head turn througho~ut the
turn and thle velocity infortration can be integrated by thle bratin so thtat the angular extent of the pitch
plane movement is known (Guedry s=1~ , 197 1). But the plante of rotation relatiive to thle earth is not
known fromt the canal information; sensory information from the canals would be thle Salle
irrespective of whether the person were Standing upright, lying on the side, or Supine or prone.



2-5

"-,4 1" 1

p..

-PA

'".' " --..

Figure 4. Orientation of the semicircular canals and otolith organs (utricle and saccule), Inset
figures illusCratc planes of the semicircular canals and also the x, y, and z head axes (ef
flixson, .iL,., 1966). Modified from Correia 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 canals provide angular rate information ihroughout the movement.
Whenever 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 head
movement from upright posture, if at some point the otolithic sensors indicate pitch-forward head
position of 30 degrees relative to gravity, the integrated rate information from the canals indicates 30
degree displacement from start position and gaze can be redirected back to start position if the person
so chooses, even in the dark (Bloomberg 1991, Guedry eLg., 1971).

Effective vs. Aberrant Interactions

Assume now that, through biochemical intervention or an inflammatory 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 displaciement from start
position. Gaze control would be problematic, to say the least. Moreover during the head movement
the = of head movement experienced would be much too great for the angular poition 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 and dcplore centrifuge
training because of the repugnant experience (Guediy 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 perceptual-motor
reactions are generated, returning motion control toward a state of normalcy but the neurrl-mismatch
would induce motion sickness during the adaptive process and then again when the adapted individual
returns to his normal environment.

IA



Whereas all head movements made from upright posture involve a tight coupling between
otolith information and vertical canal information, many yaw he'id movements made from upright
posture involve very little angular position change relative to gravity, However, the axis of head turn
is also frequently inclined relative to gravity duing yaw head turns (evwn 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 diLfering sickness incidcnce
observed for vertical and horizontal canal stimulation on earth (Benson and Guoed'y 1971, Guedry rd
Al., 1990) and during micro-gravity missions (Lackner and Graybiel 1984).

Assume now that two pitch head movements arc made through 90 degrees from upright
posture and that the two movements are identical in total angular diplaccment and in the angular
velocity profile during the movements. But one is made by bending at the nectk while the other is
made by bending from the hips. Semicircular canal information would be idontical but otolith
information would be different. Initial and final pitch positions indicated by the otolithic receptors
would be the same but transitional 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. Tile head traverses a greater path. Backward displacement
of the utricular otolith by tangential acceleration 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 utricular otolith membrane during trunk movement may reflexively influence
the differing muscle actions etquired in stopping the two movements, Such head movements initiated
voluntarily are substantially influenced by feed-forward preprogranimed mechanisms but it 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. ilead movements made in hyper-G environments yield both transient (Gilson i.L,..
1973, Guedry and Rupert 199 1/b) and steady-state (Correia JuId., 1968) effects that are disorienting
and the transient effects are confusing and nauseogenic, Ilead movements made in the Hyper-G
environment that occurs during the reentry profile of space shuttle following adaptation to the Hypo-G
orbital environment-. these head movements are likely to produce transient disorienting effects,

Canal/otolith interactions range from those that are clearly functionally effective, to many that
may constitute either conflict or functionally effective Interactions (advance in vestibular nuM•oscience
is needed to decide), to those, such as the cross-coupled angultar velocities, that are utnmistakably
sensory mismatches.

Interestingly, the clear canal/otolith conflict from cross-coupled angular velocities can be
resolved into benign concordant stimali by subtle changes in accompanying stimuli. The "Coriolis
cross-coupled" stimulus is produced by tilting the head during sustained whole-body rotation, 1l'lhs
stimulus has played a major role in 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
vclocities (Ouedry and Benson 1978, Guedry 1974, Oucedry 1970). At this instant otolith afferents
signal a pitch-forward head position chamge, a clear mismatch with the roll-right angular velocity
inforjatlon from semicircular canals. The brain has been asked to set-off oculomnotor and other
postural reflexes to compensate for motion in two different directions simultaneously. Perceived
orientation-change is paradoxical, confusing and unpleasait.

The subtlety of canal/otolith interactions is nicely illustrated by the fact that this extrem,ý
disorientation-stress reaction gives way to an accurate and benign motion perceptiotn if the head
movement is made di the angular acceleration of the rotator (or immediately after 15 rpm angular
velocity is attained). The accurate perception is explained by simple physics. During angular
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 pi(ched
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 gravity (Guedry and Benson 1978) Thus the canal/otolith mismatch is avoided, the
VOR is appropriate 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 delayed
until the yaw-axis canal signal has dissipated, then the highly disturbing catial/otolith conflict is fully
appreciated, The immediate after-effects of optokinetic stimulation can also be used to cancel the
conflict (Guedry, 1978) because visual motion can simulate, in the vestibular 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 a 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 gLu•L 1991, Gresty tILt., 1991, Guedry 1991/c, Paige and Tomko 1989, Raphan and
Cohen 1986, Raphan §L.•,, 1979).

Whereas the semicircular canals react identically to angular acceleration, , irrespective of their
distance, r, from the center of rotation, the otolithic receptors, which are not respQndve 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 acceleration.
For example, with the head fixed in forward-facing tangential heading, but displaced radially from
rotation center, angular acceleration, yields tangential acceleration, r. With continued angular
trcceleration another vector, f 2r, that was negligible initially, increases rapidly as angular velocity, Q2,
increiAses.

These two vectors are at right angles to one another and with the head positioned as shown in
Figure 4, they would lie approximately in the utricular plane, During angular acceleration, the
resultant of these two vectors is a vector that rotates in the utricular plane. Here we are not really
ignoring gravity, as it might seem, but we are attending to that component of the total linear
acceleration (gravity, tangential and centripetal compi)nents) that acts in the mean "shear plane" of the
utricular otolithlc menbrane,

This resultant vector rotates in the shear plane during the course of the angular acceleration in a
counterclockwise direction, depicted in Figure 5, while the semicircular canals signal (in this example)
counterclockwise rotation of the head, During deceleration of the head the resultant vector rotates in
the utricular shear-plane in the same direction as during the acceleration but now the semicircular
canals, Indicate rotation in opposite direction, Whether or not these different canal-otolith interactions
have functional utility In natural movement Is not kWown but perceptual effects on centrifuge runs
suggests that such differences in eanal/otolith Interactions may serve to differentiate turning-at-a-radius
from turning about a body-axis (Guedry, 1991/c). This interpretation differs considerably from
assumning that one configuration represctts neural mismatch while the other represens functionally
effective interaction.

-t-or - vt hbr
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Figure 5. Centripetal and Tangential vectors form a
resultant vector that rotates in the mean

S. ,utricular shear plane. During
acceleration, this vector rotates in the

. /direction signaled by the semicircular
canals. During deceleration, it rotates

9" "L. .opposite the direction signalled by the
s,'emlcircular canals,

SENSORY CONFLICT, NEURAL MISMATCII

A generally accepted hypothesis today is that conflicting messages fromn sensory detectors of
motion prodece motion sickness, This idea, which is not new (Guedry 1970, Irwin 1881, Lansberg
1960, McIntyre 1944, Oman 1990, Reason 1978), has gained favor over the notion that vestibular



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 exteroceptor conflict, may produce sickness
when their continued presence threatens the subconscious but pervasive imperative to control whole-
body motion relative to the earth. 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 relation 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 boat are concordant with
peripheral visual motion cues from surrounding dock and the visual/vestibuhur interaction aids balance
control, even though the vestibular and the peripheral visual 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 to find the source of alarm. A fairly large boat has entered the adjoining slip
and produced a large moving peripheral vision message, discordant with concurrent vestibular
information, Balance control is threatened until the person's spatial model and motor control strategy
are adjusted, A similar experience occurs when a person places the palm of the hand against at wall in
order to relax by leaning against the wall, which happens to be a sliding panel, not an earth-fixed wall,
Again it little alamn, a diverted gaze to understand and a postural adjustment serve to restore effective
control of motion and orientation relative to the earth, Both situations involve sensory mismatches in
the context of an operating spatial model and motion control objectives; they challenge built-in demand
to maintain control of motion and orientation relative to the earth, In these examples, the sensory
feedback associated with motion control would have remained below conscious awareness had the
conflict not occurred and in both examples 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 subconclous. Even for alarm reactions that penetrate conscious awareness
due to severe sensory conflict, the reason for the alarm reaction cannot be understood by quick
Inspection unless the observer is very well Infortmed on the role of sensory conflict in motion
sickness. This is the nature of sensory conflict In motion sickness.

CONFLICT VS. MISMATCH

The phrase sensory conflict carries implications that do not clearly tit a number of stimulus
conditions that provoke motion sickness, While conflict is an appropriate term for "Coriolis cross-
coupled" stimulation, a number of nauseogenic motions involve stimuli in which one sensory input
persistently calls for a reaction while information from another senisor is "abnormally" absent. Such is
the case for sustained off-vertical rotation in which a continual reorientation relative to gravity of the
otolithic sensors i.s unaccomnpanied by semicircular canal inlormation (Benson 1988/b, Benson 1974,
Guedry 1965/a), information normally present when the head is voluntarily turned about Lhe head's z-
axis while the axis of head turn is off-vertical. A brief natural head turn about a tilted axis generates
coordinated canal and otolith information whereas during sustained rotation the coordinated canal
information disappears. Head movements made durin g earth-orbit missions generate normal
semicircular without the usually coupled change-in-orlentation ilnornntion froin 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 linear 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 afflicted 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 perspective we prefer the term neural mismatch to sensory conflict in
characterizing 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 gaze 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 conscious 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 and 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 inaccuracy of motion perceptions cannot be used as indicators of the
presence of sickness-provoking stimuli, because vestibular sensations usually achieve conscious
awareness during passive motion. Accuracy of motion perceptions cannot serve as an indicator
because perceptions may be wrong but not at all confusing, An example is the post rotational
sensation of spinning following a gentle stop from low speed whole-body rotation In darkness. The
spin perceived is inaccurate but not confusing, disturbing or nauseogenic 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 any commonly encountered together
with an angular impulse to the muscles and joints that would awaken spino-vestibular interplay
(Wilson and M, Jones, 1979) despite body restraint in the rotation device, The sudden-stop test
provokes sensations that are immediately confusing and disturbing,

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

CONCEPTUAL GUIDES FOR IDENTIFYING PROVOCATIVE STIMULI

Benson (1988/b) has provided a conceptual classification of provocative motion stimuli, based
on the neural-misn:,t .h theory of motion sickness. We propose another category of neural mismatch
in the last colunin of Table I, il'crrud frioni the very different iractions to active and passive motion.
The perceptual responses, oculomotor reflexes, trunk and limb reflexes during and after sustwi,,ed
active turning differ markedly from theirc(,interparts 'uring and after passive turning.

A confused and rever;ed perception follows active ambulatory turning that is attributable to
feed-forward messages initiated by volitonal motor commands and concomittant vestibular afferent
messages (Guedry CtIl,, 1978), Prostrotation trunk and limb torsional activity, present following
active ambulatory turning (Correia zLi., 1977), is less apparent 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 standing, Thus the orientation perception and perceptual-motor reactions
differ from their counterparts following passive turning which is dominated by the semicircular
canals, Perceptual reactions during goal-directed voluntary whole-body motion differ from perceptual
reactions followirg kinematically identical passive motion.

VI



TlABILE 1: Identificaation of Motion Cue Misluatcli Englendering Motion Sickness

T'ype Visual(A)/ Ca~nal(A)I Vcstiolaulr(A)/
Vestibulal(llJ Otoiitii(B) l'mpriocciptor(li)
Misrunach Misinatch Misimatch

(A) and (LB) (i) Reading hand- (i) Crows-cuuplcd (I) Phas fe drence
slmuluallcoasly hold niap or text (Coriol Is) during low frequency
contradictory In tuarbulent stlinuhstion vertical linear
inforination f'light Ficad Inlovenmlent oscillationi

during rotation
about another
axis,

(Hi) Inspection (11) I-lead inovonent (ii) Aftereffect of
through bimuxculflrs in abnormial sustained
ol'ground or aerial force environmnict ainhulutory turn
targets front moving which mnay be stable
aircraft (for example, hyper-

or hypo-gravity) or
Iluclauting (during
linear oscillation)

Typo 2(i)
(A).signals (i) Simulator (I) 'Space (1) Su~dden Stop
without sickness'. sickness., 'test
expected (1) Pi'loting of IIcald 11ovemuint
signal fixed base hiwoightless

shltulator with environment
mnoving external
vi.SUii display
(VP7A)

(I i) lPrc.481r (11) Turning p~int izone
(tultenmolaric) during low frequency
vertigo high peO velocity

anrgulamr osci llatioun

Type 2(ii) (i) Looking inside (i) Low-frequencey (i) Null Class
(B3) signals aircraft when (<1.5 HIZ) linealr
without expezted exposedA to m1otion oscillation
(A) signal

(i I) Rotation abo~ut
mIo-vertical axis

Adapted fromi Beinson (1988h,)

Here we propose that vestibular.-induced itiotor response of' thle trunk Lind limbs come into
opposition with motor responses engendered by preprogrammted feed forward messages during
voltuntary movement and by forces imposed directly on the muscles aind joints by the motion itself.

This class of neural mismatch Is difficult to study relative to the ease with which controlled
changes in visiial-vestibular interactions can be imposed; its imploriance remadins to he detenninvd, All
of the examples in this column of Table I mnay be Type I r Type 2. and Type 2(11) may be a null class
for this form of neural mismatch. The sickness prodced In the "Sudden-stop" test and the immediate
disturbance that accompanies this ye~ strong semicircular canal stimulus may be partially attributable
to postural discord with vestibular ad u stme nt demands from this exceptional stimulus. D..~vu
low frequency high peak velocity sinusoidal angular acceleration, sonme sub 'jects report a paradoxical
and disturbing sensation near the zero velocity cross-over of the stimnulus--where the semicircular
canal turning signal approaches and vrosses zero signal. During this interval the Weber latio
(Stevens, 1951) for comparison of car .! and proprioceptor signals may be optimal--canal signals
a pp roach zero while proprioceptor sigr~is frorn toesional effects on the body approach maximum,
although they are niever strong in the seated subject. Similarly during low frequency vertical linear
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oscillation, the perceived reversal point 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 RULLS

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 usually stable and gravity doesn't
change in direction or intensity (at least in the perceptual world of inan),

Visual-Vestibular rule: Angular or 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 linear accelcration due to gravity.

Utricle-saccule rule: Any sustained linear acceleration is due to gravity,
has an intensity of 1 g (9.81 /sn2) and defines "downwards."

This latter rule does not overlook the fact that linear acceleration of the head in the earth-
horizontal plane yields a resultant force vector that is tilted relative to gravity but rather assumes that
the sum total of body linear accelerations including gravity, over any short period of natural voluntary
locomotor activity, average to the direction of gravity and 1.0 g magnitude, One obvious deviation
from this rule is running or walking in a circular path where the average centripetal acceleration yields
a tilted average linear vector. However when this occurs the vestibutar system assists in aligning the
'average" vertical 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 visual/vestibular interaction to
level the head, maintain clear vision and preserve the constancy of visual space,

Frequency-Effects and Stott's Utrcle.Saccule Rule

The utricle-saccule rule, used to explain sickness induced by vertical linear acceleration,
appeals to the fact that frequencies of linear oscillation that induce sickness are considerably below
those normally encountered in locomotion activity so that for example the mean 1 g intensity rule
would be violated on the high side for almost 2 s and then on the low side for almost 2 s in each cycle
of a 0.25 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, Motion 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 (Guignard and McCauley 1990,
O'Hanlon 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 significantly
lower than 0.2 Hz are in fact less provocative, then Stott's interesting I g explanation Joesn't hold.
Unfortunately, data on low frequencies of vertical oscillation is weak because low frequencies require
very geaat linear displacement to reach the peak acceleration magnitudes evaluated at 0.2 Hz,
Magnitude as well as frequency is Important (Lawther and Griffin, 1986), 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
that violate Stott's visual-vestibular interaction rule dramatically produce sickness at frequencies of .02
Hz, far below 0.2 Ii,- but do not produce sickness at a frequency of 2 Hz (Guedry ltal., 1982),

I;



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 0/s) are required to produce visual blurring for head-fixed targets at 0.i2 Hz whereas
low peak velocity (20*/s) piroduces equivalent visual blurring at 2.5 Hz. With .02 Hz the peak
acceleration was only 7.5 0/s2 whereas with 2.5 Hz the peak acceleration was 3141/s 2 . The
investigators chose to match frequencies and peak velocities that induced equivalent degradation of
visual performance.

Indications that flight simulators particularly conducive to simulator sickness have "high
energy" of display motion centering around0.2 Hz are interesting observations that require more data
for analysis 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 sup press vestibular nystagmus to obtain visual information
from the head-fixed visual display. The cyclic waxing or waning of the VOR in each stimulus cycle is
associated with ia waning andwaxing of difficulty in visual suppression, ranging from a maximumn
effort to suppress VOR of about -70'/s in one direction to minimum effort to suppress a VOR of 0'/s
and then to maximum effort to suppress a VOR of ~700/s In the opposite direction, If cyclic variation
in suppresion effort is the significant element, then the relevant stimulus frequency was 0,04 Hz,
since suppression effort peaked twice in each cycle, whereas if direction of VOR suppression is
relevant then 0,02 Hz was the relevant stimulus frequency.

I lowever if the visual display used is simple, a set of 3 single digits changing ach second, then
ver?, little sickness occurs, whereas If the display is more complex, such as a matrix of numbers from
which numbers must be retrieved when coordinates are given (Gilson .i1.,, 1977, Guedry and
Ambler 1973, Moore eLta,, 1977), then sickness incidence is high, Perhaps cyclic 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 a short time, a VOR gain
reduction (not attributable to arousal reduction) occurs. Recent neurophysiologi:al data indicate
cerebellar involvement in visual suppression of vestihular nystagnmus and ce'ebellar 'circuitry' in the
adaptive modification of the VOR, Moreover these same cerebellar components appear to be critical to
provocation of motion sickness (Brizzee 1990, Crampton 1990/h, Wang and Chinn 1956).

Sustained off-vertical rotation is it form of sustained cyclic otolith stimulation that induces
sickness and here the peak magnitude can be held constant. During whole body rotation about a
rotation axis that is tilted relative to gravity, the otolithic membranes should be displaced in something
approaching an orbital path about some central point in the sensory macula. The compoinent of gravity
directed in the mean shear plane of the otolilhie membrane is the effective stimulus. Irrespective of
rotation speed, the direction of this component is continuously changing. Rotation speed determines
the frequency of this cyclic stimulus, 12 rpm being a 0,20 Hz stimulus. With this stimulus form it
appears that about 0.25 Hz is maximally provocative whereas 0.10 Hlz is not, and higher frequencies,
e.g,, .37 liz, and above, tire less provocative (Koki,, etLa., 1991, Miller and Graybiel 1973), The
OVR data fall approximately in line with the vertical oscillation datit.

Visual motion stimulation without whole-body movement may be useful in clearing up this
perplexing question as to whether there is a manximally provocative frequency, irrespective of tle type
of motion stimulus, Perhaps cyclic otolith ýtlmulatlon, its opposed to cyclic canal stimulation, is
maximally provocative at 0,2 Hz, It is possible with visual stimuli to simulate whole-body motions
that would stimulate the otolith system exclusively, or the semicircular canals exclusively or the canals
and otoliths simultaneously. Simulated vertical linear oscillation at frequencies less than 0,2 Hz could
be generated without the excursion limits that are imposed by devices that actually move the body.
Some interesting information may be generated that would relate to whether or not there is in fact a
common maximally provocative frequency across different forms of motion.

To explain frequency effects, one looks 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
good rationale for deciding where to look. Referring to Figure 1, do we look in Stage 1, 2, or 3?

- .i
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PERCPETUAL-MOTOR ADAPTATION TO UNUSUAL MOTION ENVIRONMENTS

Knowledge has been developed in recent years on mechanisms of adaptation to motion
conditions that involve cons 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
ve3tibulo-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 niotion (Melvill Jones,1985). Before phase shift wits manifest, gain reduction
was prominent.

Subjects living in an enclosed rotating room (Graybiel ;LtA., 1960) show VOR gain reduction
fairly early (Guedry, 1964). The confusing motion perceptions that accompany each head movement
in a rotating room also diminish. After several hours of rotation exposure the gain of the VOR
induced by head-tilt movements during room rotation is greatly reduced (Guedry CtaI,, 1964; Guedry
WLal., 1962). And for several hours after rotation stopped, head movements produced confused
peiception, e.g., a roll-right head movement produced pitch-forward motion perception and postural
instability. After this short exposure, change in the plane of the VOR was not apparent In clectro-
oculographic tracings. After three days (or longer) in the rotating room, for several hours after the
room was stopped, a roll-right head movement produced a few beats ut VOR nystagmus appropriate
in direction for pitch forward perception of head and body movement (Guedry and Oraybiel,1962,
Guedry 1965), The effect that wits perceptually evident after short exposure (2 hours), became
evident in the VOR after longer exposure. A 90 degree change In plane of the VOR in response to
voluntary headmovement can be seen for several hours after leaving the rotation room, when the
exposure is of sufficient duration. The sequence of adaptive VOR changes in the optical reversal
studies and the rotating room studies Is tlrst gain reduction and second "recoding" that shifts the phase
or the plane of the VOR appropriately for the exceptional environment, The fact that only VOR gain
reduction was reported d" rotation in the rotating room studies is due to thL fact that in the
enclosed rotating room, the only VOR component that needed to be suppressed during x-axis roll was
the y-axis component; the x-axis component was still needed during head roll movements in the
rotating room. in other words, visual requirements for change did not demand a VOR change in the

lane of the head-movement; rather visual requirements for change demanded suppression of the VUR
a plane 90 degree displaced from the head movement plane. Also in the adjustment sequence

revealed by the post-rotation results, the perceptual plane was changed substantially before the VOR
plane change was evident, at least with the measurement 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 reactions (VOR and perceptual) induced by head
movements in these motion environments, changes in motion sickness symptoms also occur. Early in
motion exposure, symptoms begin to appear and then increase (at different rates In different subjects)
and with continuing exposure, symptoms diminish (again at different 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 same 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 re•,ersal studies and recovery
rates occur in reverse order;, recoding recovers faster than gain,

Individual reactions during the course of adaptation reveal individual differences in adaptive
strategy. In a rotating room, one subject in the course of a series of prescribed head movements may
stop, vomit and then continue on with head movements as though nothing exceptional had happened.
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. Recover is slow.
Some subjects try to resist emesis more than others, some recover faster than others and these are a V,

J• '. .



few of many differences between people that complicate efforts to miodel the mechanisms of motion
sickness.

NEUROPHYSIOLOGICAL MECHANISMS OF PERCPETUAL MOTOR
ADJUSTMENT

Most research aimed at evaluating the neurophysiological mechanisms of adaptive adjusutent
to unusual motion has focused on motion conditions that yield 'neural mismatch" but y=1=aijste
neuaLrniiiiaish. 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 same canal/otolith mismatch irrespective of heading in the room
(Guedry, 1965/b). Many recent studies have been described in Berthoz and Melvill Jones (1985) and
a convenient succinct summary is provided by Stott (19W0),

The Marr-Albus model of cerebellar function suggests that the
cerebellum learns to perform motor skills both for voluntary
movements and for reflex maintenance of posture and balance.
Essential to this learning capacity tire the climbing fiber inputs from the
inferior olive, The model proposes that the synaptic connections of'
parallel fibers to Purkinje cells tire mnodifiable in their transmission
efficiency and that this modification Is brought about by conWjunctive
activation of a parallel fiber and a climbing fiber converging on the
same Purkinje cell. This mechanism has received experimental
confirmlation in a series of experiments by Ito (reviewed in Ito) which
substantiate the concept that the clinibiný fiber inputs constitute the
instruction signals that reorganize the relationship between mossy fiber
inputs and Purkinje cell output,

Purkinje cell axons project to oculomotor control areas within the
vestibular nuclei, Whether the plasticiy within the cerebellum providcs
the sole basis for gain modulation of the vestibula-ocular reflex is not
certain, Miles and Lisberger, from studies in the monkey, argue for the
gain modifiable 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 mechanisms such a profitable area of research. 'T'he multiplicity
and variability of the physiological correlates of motion sickness render
the underlying neural mechanisms of this response more difficult to
elucidate, Nonetheless, it seems likely that neurophysiological
mechanisms similar to those involved in vestibulo-ocular gain plasticity
are involved in adaption to nauseo-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 mental capacities of
learning 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 systein, responaible for active
matching both between related sub-systems within the CNS and
between 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



passive sustained oscillation or repeated stcp 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 rt e1., 1976, Melvill Jones MtW., 1984, Jell QLu., 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 adaptive change that provides some defense against motion
sickness in more variable (and perhaps less stressful) motion conditions than are encountered in
rotating rooms or while wearing right-left reversing spectacles, variable conditions in which adaptive
rearrangement of sensorimotor response would not be functionally appropriate.

ASSUMPTIONS

From this gail reduction propensity and the early gain reduction in the vision reversal and
rotating room studies, we propose that gain reduction Is an early adaptive change to sustained unusual
motion that may be significant in highly variable motioun environments, Following are additional
assumptions underlying our conceptual model:

From the presence of optokinetlc nystagmus, optokinetic after-nys~tagmus, arthrokinetic
nystagmus (Brandt "l., 1977) and evidence for arthrokinetic after-rnystagmul, (Guedry and Benson
1983), we propose that the standard operating gain of the VOR is less than 1.0 during voluntary active
motion which is the raison d'etre for the VOR. Voluntary initiation of motion increases VOR gain
briefly, Then an optokinetic component, at lesser arthrokinetic component and possibly a weak
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. In short, the vestibular preferred operating gain is less than 1.0
and how much gain is contributed by the other sources of gain augmentation may depend upon
preprogrammed feed-forward tnessages 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 generated by sustained off-
vertical rotation or sustained active body turning by the limbs are manifestations of auxiliary
contributions to VOR gain in natural movement. The walk-in-place nystagmus of Bles, dtnl. (1984,
1979), may play a role in gaze stabilization during sustained ambulatory tunis in circular paths.

From the absence of awareness of vestibular sensation in natural voluntary movement, we
infer that optimal adjustment to novel motion 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 reactions very early in life (Smith and Smith
1962, Gud-ry and Correia 1978) we assume that a demand (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, a spatial model
of the motion environment forms. To permit optimal overall commerce with the environment, 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 fundamental
assumptions underlying the conceptual model illustrated in Figure 6.

In motion environments, it is important to distinguish between 1) voluntary motion relative to
a motion platform that is moving (or perceived to be moving [visual vectionl) 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 earth, and 3) completely 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 environment begets
arousal and (.orrective actions.

The first stage in the model comprises the motion stimulus which elicits immediate perceptuul-



mlotor reactionis which are compared with pie progr'laltl'ed sets of perceptual-nmitor parad i gis that il
turn depend upon the spatial model, motion control objectives, and previous experience. Even during
completely passive motion stimulation postural and motion control objectives are in operation due to
the imperative to maintain control of control of bxoly posture and motion relative to the earth. Figure 6
presents this conceptual model.
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Figure 6, Conceptual Model of the mriechanismns of adaptation to Untusual Motion and of the
relationship of adaption to the onset of sickness.

When match is detected, the preprogrammed perceptual -motor (PM) paradigmis are, reinforced,
the store remains the same, and the selection rate of appropriate sets of Perceptual-motor paradigms is
improved. The spatial model and control objectives detemiine which paradigm sets are itt immediate
access for comparison. When mismatch is detected, arou.al mechanisms operate through the spatial
model and control strategy, calling for response change first through gain-control and then it'
necessary through gain-control coupled with sensory-motor recoding. Mismatch begins to alter the
spatial model so that new sets of perceptual-motor SeLtiLenceS can he stored for comparison with
suhsequent reactions. But mismat h engenders arousal and continued arousal commences the build-
up of the neurochemical link to the sickness syndrome, As the matches improve, the model and
neural store develop prnmitting more raphi selection of preprogrammed perceptual-motor engrams that
enable the automaticity required for efficient control of motion without arousal, As long as mismatch
induces arousal, the neurochemical build-up for sickness-onset colntinIIes; big arousal con trilbtlthlig to
faster sickness onset,

Adaplation Through Gain Control

The literature on adaptation to cnsisen mismatches induced optically or itn rotating rooms
provides examples of motion conditions int which recoding of sensory motor responses serves to
repair highly consistent mismatch. Most of the effort to clucidate underlying physiological
mechanisms is centered on optically induced neural mismatches. Our cntphasis on gain change was
partially due to our perception that different mechanisms may be involve(] in adaptation to novel
motions that are [lot completely consistent in the neural mismatches they generate. Now we must
provide some examples of situations in which gain control would appear (intuitively) appropritile 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 the complexities
and variability of die motions they experience. When on deck there is some motion-control advtntage
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
automatically with some optokinetic and arthrokinetic assistance, in a normal environment. On deck,
high VOR gain is needed but arthrokinetic gain for oculomnotor control may need some reduction
because the leg, ann and trunk motions are appropriate fqr 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 relttive to the earth's
horizon but are the relevant visual frames of refi-rence for control of motion of the body. Laboratory
visual/ vestibular interaction studies suggest that 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 Mui1., 1979). When the individual enters the ship's
compartments, it would be nice for VOR gain to go down while optokinetic gain goes 1p; VOR effort
to stabilize visiou 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 illustrated by a recent study in which, through adaptive
conditioning, gain was increased or decreased, depending upon whether subjects gazed upward or
downward (Shelhamer etal., 1991).

Expressed in terms of the conceptual model, adaptation to ship motion would involve
development 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 influences whether
or not particular interactions engender sickness, With this in mind, it is appropriate to consider the
range of experience that occurs in everyday life with varied interactions between a) the semicircular
canals and the otolithic sensors, b) visual and vestibular sensors and c) the vestibular and
proprioceptor sensors. We include vestibular sensors in each of the interactions because of the central
role in motion sickness of the vestibular system,

Tho 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-
n-otion relative to the body can produce different canal/otolith interactions depending upon the state of
whole-body motion relative to the earth but a 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 relative 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-neural mismatches.

Another curious source in the develpipment of man lies in early childhood experiences. The
sustainod ambulatory turning that moc:t children gj.njy generates a semichicular 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. Functional 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 and turning that is generated by parents may also be relevant.

In contrast to the tight otolittv'canal coupling in the course of natural life are the more varied
combinauions of interactions between the vestibular and visual systems and between the vestibular and
proprioceptor systems. Coupling between visual and vestibular sq'stems is varied in everyday life.
Particu!ar head movements jelative to the earth can be generated with cyes open or closed. The eyes
may be fixed on a point in space as the head moves so that retinal images 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, the direction of retinal image sweep depends upon direction of gaze; fixation of far
targets prod)ches high speed sveep of near objects, In modern man, optical lenses demand visual-



2-1,X

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 modem 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 andl from muscles and joints is variable in everyday life, The same 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 similar 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 tlj., 1991).

From this perspective we speculate that visual-vestibular mismatches can be very disturbing
but that adaptive 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-labyrinthine 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 and Daunton 1983), is tranpsorted to the fourth ventricle where it reacts
with a chemically receptive zone in the Area Postrema (13rizzee and Neal 1954, Wang and Chinn
1954) on the suiface of the floor of the fourth ventricle. This reaction triggers a nea-by vomiting
center (Wang and Borison 1950), This sequence has recently been challenged (ablation of the Area
Postrenia did not prevent vomiting (Borison 1986, Wilpizeski 1986) and a discrete vomiting center
(Miller 1988, Miller and Wilson 1983) may not exist), but some kind of neurochemical link near these
centers is likely (Brizzee, 1990).

In considering this link, we must account for tihe fact that sickness onset may be very sudden
(emesis occurs in some individuals after I or 2 cross-coupled stimuli-- within say 30 seconds--and
nausea onset can be almost immediate) or sickness may be very gradual in onset requiring several
hours for build-tvp with some forms of stimulation (Homich rd._i., 1984), Analogy to titration
procedures in a quantitative chemical analysis seems appropriate--the chemical endpoint is approached
very gradually and slowly with very small droplets but the endpoint can be overshot with one big
drop. Recovery may be very fast or very slow. An alhernative to the titration analogy, expressed as
the model (Oman, 1990) illustrated in Figuc 7, proposes paratlel slow and fast pathways to account
for extreme3; in onset rates.

The fast and slow dynamric clencrnts 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 nausea and vomiting is neurally mediated, whltreas slower onset dynamics is
suggestive of humoral mediation, He suggests physiological mechanisms that might be involved:

The dynamic operatcrs may approximate the action of some humoral
diffusion or active transport process, or could be the intrinsic dynamics
exhibited by a network of vomiting center neurons to direct neural or
humoral conflict signal stimulation, For example, vestibular ,'onflict
neurons might work in synergistic pairs, somewhat as vestibular
afferent neurons do, and project to neurons (perhaps in area postrema,
AP) associated with nausea perception and vomiting. If the synapses
were excitatory and had the character that a burst of conflict neuron
activity produced a prolonged (e.g., I mini) depolarization, "leaky
integrator" dynamics would result. Carpenter etLa. (1990) have
described a class of AP neurons that respond qualitatively in this
fashion to a variety of directly applied neurotransmitter agents. They
attribute the long lasting depolarization of these neurons to a second
messenger mechanism. Slow path dynamics might be associated with a

4.. .
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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 much slower
response times. (Oman, 1990 p 300)

On the 'output side,' die mechanism for fast emesis is in place. Vomiting is a compIzx 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 Area Postrema. However physical traction 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 mismatch
or the beginning of the sensorimotor adaptation process that triggers the sequence of events that
culminate in nausea and vomiting? Triesman (1977) proposed 'hat toxins induce neural mismatch
among motion sensors and that vomiting provoked by neural mismatch serves to protect species,
Morec vet, 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 fact that
unusual motions generate neural mismatwhes that simulate mismatches that toxins generate (of Money
1990),

Money (Money and Cheirng, 1983, Money 1990) provided inferential support for this idt, a
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 single conflict stimulus produces

Insteneo0U nausea.

might be neurally mediated
neural nlLusea
mismatch magnilude
signal estimatesensory .,--- + ...

contlict Cotilcic telast path

fnctltiont-o-
tnreslrold

- [slow pth-,* powor law

other omutlc
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, Seta overall nausea threshold G /vag l ttllorence
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Figure 7. Schematic diagi'am of model for dynamics of nausea symptoms. Adapted from Oman
(1990).

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 and 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 oscillation 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
lengthy exposure to some motions is required before awareness 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 emests 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 orientation 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. Stress 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 general neuroendocrine response to sressful motion and sensory-rearrangements include
elevated levels of adrenocorticotropin (ACTH) cortisol, prolactin, growth hormone, antidiuretic
hormone or vasopressin (ADH or AVP, respectively), thyroid hormone, epinephrine, and

nrinephrine" (F-arm 1990, p158). However, individuals considered susceptible to motion
scnss do not necessarily manifest greater autonomic activity than Individuals more resistant 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
shifts in the balance of sympathetic and parasympathetic function underlies motion sickness
symptomatology.

EMESIS AND TIE SOMATIC NERVOUS SYSTEM

Nausea with its visceral concomittants and the somatic act of vomiting are distinct functions of
the emetic contiol mechanism, (Borison, 1986 p4). Vomiting is usually preceded by nausea from
autonomic actions but can occur without nausea, Curious characteristics of motion sickness are I) the
quick relief from nausea that emesis often brings as though whatever the neurophysiological
accumulative process that accounts for feeling sick were suddenly set back to a 'better' state and; 2)
the very slow recovery that may occur following brief exposure to a highly provocative stimulus.
Nausea, stomach uneasiness, fatigue, headache, and drowsiness may persist for 12 or more hours
following 60 seconds off-vertical rotation at 15 rpm, or following 2 head movements while rotating.

Rapid relief may partially be attributable to the Tact that many of the autonomic concomittants
of nausea such as salivation, gastric stasis, respiratory and heart rate changes are also part of the
organized reflexive chain of events that comprises the somatic act of vomiting. The reflexive demand
by the somatic vomiting sequence for change in these physiological concomittants of autonomically
generated nausea may account for the sudden change in perceived well-being after vomiting, A
sequential model (Davis eLtI., 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, salivation, gastric relaxation, respiratory contol, abdominal muscle
contraction...controlled by the somati.:c nervous system.

Ideas relating vomiting to survival of the species center on levls of defense against toxins.
Specific smells and tastes associated with nausea produce avorsion and an initial level of defense, It is
hypothesized that the first levels of defense are so effective in the rat that the rat has ,urvived through
avoidance of toxins even though the rat !innot vomit.

In considering changes in the physiological meawres associated with motion sickness it is
necessary to keep in mind not only that the -"niting sequence and the autonomic aspects are distinct
functions of the emetic control mechanism but also the fact that changes in orientation end stmtes of
motion produce changes in respiration and heart rate associated with changes in energy demands of
the body. The vestibular system is an efficient dletector of these demands during natural movement.
The paramedian reticular formation appears to be a site for the integration of cardiovascular and
vestibular signals (Yates and Yamagata 1990). Vestibular function is apparently important in
adjusting heart rate during Hyper-Gz exposure (Matsunami and Satake 1991). Frequent and sustained
exercise, i.e. higii levels of aerobic fitness, seems to increase susceptibility to motion sickness (Banta
tljj., 1987, Cheung ctal,, 1990) possibly related to neuro-chemical changes associated with
exceptional exercise regimens.

L4".•; ." ]
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Does willingness to vomit play a part in the magnitude of symptoms experienced 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 adjust to unusual motion environments. Possibly quickness
to vomit and hence feel better is partially idiosyncratic. Individuals who reflexively vomit with little
effort and with little disruption of performance may be willing to vomit whereas those whose act of

'e I p U the subconscioust strategies that brnante~ rceta-
vomiting is a major event are less willing. Whatever the cause, willingness to vomit plays a role in the
strategies individuals adopt in adjusting to a motion environment, Here we refer to strategies that are

more on an int ellectu al level th a the p rtal suInsi u srtges that bring on the perceptual-
tor djustment our conceptual model, Individuals in rotating rooms or in orbital fli~ht can elect
tavid ead em h a not absolutely necessary, maintaining a sustained malaise that may

h may opt for a more active approach that may result in more emests
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 symptom of motion sickness is nausea; the cardinal signs
are vomiting, pallor and sweating. Other responses are frequently
reported, but in general these occur more variably. Typically, the
development of motion sickness follows an orderly sequence, the time
scale being determined primfirily by the intensity of the stimulus and the
susceptibility of the individual (Money 1970, Reason and Brand,
1975). The earliest symptom is, commonly, the unfamiliar sensation of
epigastric discomfort, best described as 'stomach uwareness'. Should
the provocative motion continue, well-being tsually deteriorates quite
quickly with the appearance of nausea of Increasing severity.
Concomitantly, circumoral or facial pallor may b6 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 exacerbation of symptoms, the so-called
'avalanche phenomenon', there may be increased salivation, feelings of
bodily warmth, a lightness of the head and, not infrequently, quite
severe depression and apathy. By this stage, vomitingis not usually
long delayed, though there are some individuals who rmain severely
nauseated for long periods 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, wita '/axing and waning
symptoms and recurrnen vomiting, may last for several days. Those so
afflicted arm commonly severely anorexic, depressed and apathetic,
incapapable of carrying out allotted duties, or caring for the safety 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 charocteristic features of motion
sickness--pallor, sweating, nausea ,1nd vomiting--other signs and
symptoms are frequently though more variably reported. In the early
stages, increased salivation, belching and flatulence are commonly
associated with the development of nausea. Hyperventilation is
occasionally observed, while an alteration of respiratory rhythm by
sighing and yawning not infrequently precedcs the 'a'ialanche
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

-;A,:.,
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associated with exposure to unfamiliar motion, even if not necessarily
an integral part of the motion sickness syndrome. Typically, feelings
or lethargy and somnolence persist for many hours after withdrawal of
the provocative motion stimulus and nausea has abated. 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
(Graybiel and Knepton, 1976). The soporific effect of a repetitive
motion stimulus on infants has long been recognized, It may he, that the
drowsiness observed in the adult when exposed to appropriate motion
is a manifestation of the same mechanism, though it must be
acknowledged that the sonnolence in an individual who has suffered
overt motion sickness is frequently of abnormal intensity and
persistence. (Benson p.319)

RECEPTORS CENTRAL NERVOUS SYSTEM SIGNS & SYMPTOMS

CEREBRAL - NAUSEA
CORTEX ..- Dizzinnas"Somnolence

Headache
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Performance decrement

V., it iBU.LAR _f- . increased secretion of
EREBELUM PITUITARY ADH,ACTHGH,PRL
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.-- C1Z ' CENTRES '
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I CE RE IMotility Cardiovascular &roepiratory changesVOMiTING

Figure 8. Neural structures in motion sickness. CFZ Chcmoreceptive trigger zone. (From
Benson 1988b)

MOTION SICKNESS AND SPiATIALi DISORIENTATION

The combination of sensorinmltor systems involved in maintenance of spatial orientation
awareness and the systems involved in bringing about the onset of motion sic:kness arc the saime.
Motion sickness may increase the probability of failure to maintain adeqluate o'ientation awaretess as a
result of the distraction of coping with emesis or the depression and malaise associated with motion
sickness. Enthusiasm and confidence of the student pilot in learning to control acrobatic maneuvers
can be seriously degraded by the drowsiness, malaise and discouragement that aire part of the motion
sickness syndrome. If these symnptoms are not accompanied by vomiting, the student and instructor
alike may not appreciate that the ,i;udent's 'poor attitude' is due to airsickness,

Many flight environmettts and especially aerobatics generate niany mismatches that cloud the
perception of the maneuver and that also tend to induce motion sickness. Trainees adjust to these
nismtlatchcs atd in so doing overcome airsickness. Indeed the motion perceptions of actual flight are
,;o much a part of controlled flight that the experienced pilot disturbed and made sick by flying
simulated maneuvers in a flight simulator. I-lis perceptual-motor store for control of motion in the
aircraft is violated by the feedback from his control actions in the simulator, The beginning flight
student, without comparable stored perceptual-motor patterns, is undisturbed by flying the simulator
(Guedry 1988, Kennedy eta1., 1990, NRC conference 1990). From this perspective, motion
sickness and spatial orientation reactions of pilots are related,
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Many 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 ldvel 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 signal 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 I1 disorientation, in which the pilot becomes aware of his disorientation, may involve
mismatched and nauseogenic sensoq input. Type I1 disorientation accounts for a higher incidence of
aircraft and pilot losses in rotary wing aircraft than does Type I (Vymwy-Jones, 1988). However,
incidence of airsickness is lower in rotary wing than in fixewin communities, The frequency of
occurrence of nauseogenic stimuli plays a role in the probability of sickness and pilots would
obviously avoid repetitive Type II disorientation,

While the physiological mechanisms of spatial disorientation have a commonality with those of
airsickness, practical solutions for the two problems and even research into those solutions Involve
divergent approaches,

REFERENCES

Albus, J. S., A theory of cerebellar function, Math. Biosci, 10, 25, 1971,

Baloh, R.W., Lyerly, K., Yee, R.D., and Honrubia, V., Voluntary control of the human
vestibulo-ocular reflex, AgtL.QtoLarvn gol, 97:1, 1984.

Banta, GR., Ridley, W.C., Mcllugh, J., Grisset, J.D., and Guedry, F.E., Aerobic
fitness and susceptibility to motion sickness, Ayiat. Space Environ. Med., 58:105-8, 1987.

Bard, P., Woolsey, C.W,, Snider, R.S., Mountcastlc, V.B,, and Bromiley, RB.,
Delimitation of' central nervous system mechanisms involved in motion sickness, FEd. Proc,, 6:72,
1947.

Barr, C.C., Schultheis, L.W., and Robinson, D.A., Voluntary, non-visual control of the
human vcstibulo-ocular reflex, Ac OLarngol. 81:365, 1976.

Benson, A.J. Spatial Disorientation - General Aspects. In Avialion Medicinr, J. Ernstiig and P.
King, Eds,, Buttersworth, London, 1988/a.

Benson, A.J. Motion Sickness. In Asi i Mediscine,, J. Ernsting and P. King, Eds.,
Buttersworth, London, 1988/b.

Benson, A.J. Modification of the Response to Angular Accelerations by Linear Accelerations. In
Handbook of sensory physiology VI: Vestibuhll S mcfPrt2. honhvsics. Applied Asgects
iLnd. d Interpretatio-ns, H-I,. Kornhober, Ed. Springer-Verlag, New York, 1974,

Benson, A.J. and Guedry, F.E., Comparison of tracking task performance and nystagmus
during sinusoldal oscillation in yaw and pitch, Aerospace Med., 42:593-601, 1971.

Berthoz, A. and Melvill Jones, C., Adaptive Mechanisms in Gaze Control, Elsevier,
Amsterdam, 1985.

Berthoz, A. and Melvill Jones, G., A Review of an Unanswered Question'? In Aaive
Mechanisms in Gaze Control, A. Berthoz and G, Melvill Jones, Eds., Elsevier, Amsterdam, 1985.

Bles, W., de Jong, J.M.B.V., and de Wit, G., Somatosensory compensation for loss of

+ :, , ,+ ,



labyrinthine function, AcLaronagol, Stockholm, 97:213-221, 1984.
Bles, W. Sensory Interactions niunaaQ Posture: An Experimental Study. Doctoral Thesis,
Amsterdam, 1979,

Bloormberg, J., Melvill Jones, G., and Segal, B., Adaptive modification of vestibularly
perceived rotation, Exerimental Brain Research (in press).

Bloomberg, J., Melvill Jones, G., and Segal, B., Adaptive plasticity in the gaze stabilizing
synergy of slow and saccadic eye movements, Experimental Brain Research (in press).

Bock, O.L. and Oman, C.M., Dynamics of subjective discomfort in motion sickness as
measured with a magnitude estimation method, Aviat. Space Environ, Med., 773-777, 1982.

Borison, H.L., Anatomy and Physiology of the Chemoreceptor Trigger Zone and Area Postrema.
In Nausea and Vomiting: Mechanisms and Treatmeint, C.J, Davis, U.V. Lake Bakaar, and D.G.
Grahame-Smith, Eds., Springer-Verlag, New York, 10-17, 1986.

Borison, H.L. and Borison, R., Motion sickness reflex arc bypasses the area postrema in cats,
E, 92:723, 1986.

Brandt, Th., Buchele, W., and Arnold, F., Arthrokinetic nystaginus and ego-motion
sensation, . BrainRe, 30:331-338, 1977.

Brizce, K.R., The Central Nervous Connections Involved in Motion Induced Emesis. In Moion
and Space Sickness, G,H. Crampton, Ed., CRC Press, Boca Raton, FL, 9-28, 1990.

Brizzoe, K.R, and Neal, L.M., A reevaluation of the ccllular morphology of the area postrema
in view of recent evidence of a chemoreceptive function, J. CoLp. Neur., 100:41, 1954,

Carr, C.J. and Fisher, K.D,, A study of Opportunities for Research on Motion Sickness, Ad
Hoe Review Group Meeting, FASEB, Life-Sciences Research Office, Bcthesda, MD,, Feb 1973

Cheung, B.S.K., Money, K.E., and Jacobs, L., Motion sickness susceptibility and aerobic
fitness: a longitudinal study, Aviat. Space, Eniron.Me., 61:201-4, 1990.

Cohen, B., Raphan, T., and Woespe, W., Vestibulo-Cerebellar Control of the Vestibular-
Ocular Reflex. In AdWltive Processes in Visual and Oculomotor Systet 4, E.L. Keller and D.S. Zee,
Eds., Advances in the Miosciences, 57, Pergamon Press, Oxford, 277, 1986.

Collins, WE. Mani ulation of arousal and its effects upon human vestibular nystagmus induced
by caloric irrigation andangular accelerations, AcrospaýNtML, 34:124-129, 1963.

Collins, W.E., Task-control of arousal and the effects of repeated Unidirectional angula1r
acceleration on human vestibular reponses, At ct t loarynuol., 190:1-34, 1964,

Collins, W.E. und G;uedry, F.E., Arousal effects and nystagmus during prolonged constant
angular acceleration, Acta OtoLaryngol,, 54:349-362, 1962.

Correia, M.J. and Guedry, F.E., The Vestibular System: Basic Biophysical and Physiological
Mechanisms. In 1tjndbok of Behavioral Neurobiol-.g., R.B. Masterton, Ed,, Plenum Publishing,
New York, 311-351, 1978.

Correia, M.J., Nelson, J.B., and Guedry, F.E. i'he antisomatogyralillt:sion, A•iat. Sow
.nia•, Med,, 48:859-862, 1977.

Correia, M.J., llixson, W.C., and Niven, J.l., On predictive equations for subjective
judgments of vertical and horizon in a force field, Acttl OtoLtarngyol,, Stockholm, 1968.

Crampton, G.H., Motion and Spage Sickness. CRC Press, 1990/a.

Crampton, G.H., Neurophysiology of Motion Sickness. In Motion and Space Sickness, G.H.
Crampton, Ed,, CRC Press, Boca Ratoe, FL, 29-42, 1990/b.



Crampton, G.H. and Daunton, N.G., Evidence for a motion sickness agent in cerebrospinal
fluid, Brain Behay .EvoL 23:36-41, 1983.

Curthoys, I.S., Dai, M., and Hialmagyi, G., Linear acceleration modulates the nystagmus
induced by angular acceleration stimulation of the horizontal canal. Paper in conference on Sensing
and Controlling Motion: Vestibular and Sensorimotor Function. July 1991.

Davis, C.J., Lake-Bakaar, G.V,, and Grahame-Smith, D.G., Nausea and Vomiting:
Mechanisms and Treatment, Springer-Verlag, New York, 1986/b,

Davis, C.J., Harding, R.K., Leslie, R.A., and Andrews, P.L.R., The Organisation of
Vomiting as a Protective Reflex: A Commentary on the First Day's Discussions. In Nausea and
Vomiting: Mechanisms anTreatment, C.J, Davis, G,V. Lake-Bakaar, and D.G. Grahame-Smith,
Eds,, Springer-Verlag, New York, 31-54, 1986.

Fernandez, C. and Goldberg, J.M., Physiology of peripheral neurons innervating otolith
oegans of the squirrel monkey, Ill, Response Dynamics, f QLur -.. lolgx, 39:5, September,
1976,

Gilson, RD., Stoekwell, C.W., and Guedry, F.E., Conditioned suppression of vestibular
nystagmus with visual stimuli, NAMRL-l233, March, 1977.

Gilson, R.D., Guedry, F.E., [lixson, W.C., and Niven, J.I, Observations on perceived
changes in aircraft attitude attending head movements madein a 2-g bank and turn, Aerospace Med.,
44:90-92, 1973.

Graybiel, A., Structure elements in the concept of mot1un sickness, Ariospace Med., 40:351-367,
1969.

Graybiel, A., and Kneplon, J., Direction-specific adaptatlon effects acquired in a slow rotation
room, .rospace Med., 43:1179, 1972,

Graybiel, A. and Lackner, J.R., A sudden-stop vestibulo-visual test for rapid ussessment of'
motion sickness manifestations, AxlatSpace.EnviroLMed., 51:21-23, 1900.

Graybiel, A., Clark, B., and Zarriello, J.J., Observations of human subjects living in a"slow rotation room" for periods of two days, Arch., Naurol., 3:55-73, 1960.

Grayblel, A., Thompson, A.B., Deane, F.R., Fregly, A.R., Colehour, J.K., and
Ricks, E.L,, Transfer of habituation of motion sickness on change in body position between
vertical and horizontal in a rotating environment, Aerospace Me., 39:950, 1968.

Gresty, M.A., Bronstein, A.M., and Barrutt, H., Eye movement responses to combined
linear and angular head movement, £xnBrain.Res, 65:377-384, 1987,

Guedry, F.E,, Overview - Perception of motion and position in hypergravity and hypogravity,
paper presentation conference on Sensing and Controlling Motion: Vesubular and Sensorimotor
Function, July, 1991.

Guedry, F.E., Motion cues in flight simulation and simulator-induced sickness, Technical
Evaluation Report, AGARD-CP-433, June, 1988.

Guedry, F.E., Visual counteraction of nauseogenic and disorienting effects of some whole-body
motions -- A proposed mechanism, Aviat. Space Environ, Mod., 49(1):36-41, 1978.

Guedry, F.E., Psychophysics of Vestibular Sensation. In Handbook of Sensory Physiologv. Vol.
YI, H.H. Komhuber, d,, Springer-Verlag, New York, 1-154, 1974.

Guedry, F.E., Conflicting sensory orientation cues as a factor in motion sickness. In 4th
Symposium on the role of the vestibular organs in space exploration. NASA SP- 187: 45-2. Office of
Technology Utilization, NASA, Washington, DC, 1970.



Guledry, IF.E., Habituation to Complex Vestibular Stimulation in Manl: Tiransfer and Retention of
E.ffects from Twelve Days of Rotation at 1) rpmn, NSAM-921, NASA Order No. R93, Naval School
of Aviation Medicine, Pensacola, FL, 1965.

Gucdry, F.E., Psychophysiological Studies of Vestibular Function. In Contributions to Sensoty
Physiology, W.D. Neff, Ed,, Academic Press, New York, 6:63-135, 1965,

Guedry, F.E., Orientation of the rotation-axis relative to gravity: Its influence on nystagmus and
the sensation of rotation, Acta Q1tLo xnU& 60:30-48, 1965.

Guedry, F.E., Visual control of habituation to complex vestibular 3titmulatiot, in man, AQU
OtLayngol., 58:377-389, 1964,

Guedry, F.E. and Ambler, R.K., Assessment of reactions to vestibular disorientation ;or
purposes of aircrew selection. In AGARD Conference Proceedings No. 109, AGARD CP-109,
Glasgow, Scotland, September 1973.

Guedry, F.E. and Benson, A.J., Modification of pre- and postrotational motor activity of the
limbs, Ex.BanR% November, 52:190-198, 1983.

Guedry, F.E. and Benson, A.J., Coriolis cross-coupling effects: Disorienting and nauseogenic
or not'? AviatSpap Envirn, Me., 49(l):29-35, 1978,

Guedry, F.E. and Correia, M.J., Vestibular Function in Normal and in Exceptional Conditions.
!n Llijdbook of Blehavioral Neurobiology, R.B3, Masterton, Ed,, Plenum Publishing, New York,
1978.

Guedry, F.E. and A. Graybiel, Compcnsatory nystaginus conditioned during adaptation to
living in a rotating room, JAppiJ Phy~ioLi, 17:389-404, 1962.

Guedry, F.E. and Oman, C.M,, Vestibular stimulation during a simple cen~rlfuge run, Naval
Aerospace Medical Research Laboratory, Pensacola, FL, 1353, May, 1990,

Guedry, F.E. and Rupert, A., Expanded Criteria for 0-Stress Evaluation, NAMRL Report in
press, 1991 /a,

Guedry, F.E, and Rupert, A., A note on steady state and transient G-excess effects. Aviat,
Sp'ace Environ. Med. 62: 222-253, 199 I/b.

Guedry, F.E.,Benson, A.J., and Moore, 11. J., Influence of a visual display and frequency
of whole- body angular oscillation on incidence of motion sickness, Ava.5aeEvrnML
53(6):564-569, 1982,

Gucdry, F.E., Collins, WE., and Graybiel, A., Vestibular habituation dutring repetiitivL
comiplex stimulation: A studly of transfer ef~fects, LA L)1"i1 19-1(X)5-1015, 1964.

Guedry, FE., Grayblel, A., and Collins, W.E., Reduction of nystagmius and disorientation
Iin human subject, Asuospace Mod, 33:1356, 1962,

(luedry, P.E., Lentz, J.M., and Jell, R.M., Visual- vest ibular interactions: 1, Influence of
peripheral vision on suppression of the vestibulo-ocular reflex and visual acuity, AAY1-Pm~
linxix~on.Med, 50(3):205-211, 1979.

Gluedry, F.E., Stockwell, C.W., and Gilson, R.IJ., Comrparison of subjective responses to
semicircular canal stimulation produced by rotation about different axes, cta iOto~aryngo, 72: 101-
106, 1971.

Guedry, F.E., Mortensen, C.E., Nelson, J.B., and Correia, M.J,, A comparison of
nystagmus and turning sensations generated by active and passive turning. In: Vestibular
Mechanisms in Health and Disease, J. Hood, Ed., Plenum Publishing Co.. New York, 1978.



2-2/

Guedry, F.E., Norman, J., Turnipseed, G., and Rupert, A., Vestibular responses and
motion sickness during pitch, roll, and yaw sinusoidal whole-body oscillation, Naval Aerospace
Medical Research Laboratory, Pensacola, FL, NAMRL Report 1352, 1990.

Guignard, J.C. and McCauley, M.E., The Accelerative Stimilus for Motion Sickness. In
Motion an SpacrSickness, G.1. Crampton, Ed,, CRC Press, Boca Raton, FL, 123-152, 1990.

Hlarm, D.L., Physiology of Motion Sickness Symptoms. In Motion and Space Sickness, G.H.
Crampton, Ed., CRC Press, Boca Raton, FL, 153-178, 1990.

Henn, V., Cohen, B., and Young, L., Visual Vestibular Interaction in Motion Perception and
the Generation of Nystagmus. Neurosciences Research Program Bulletin 18, No. 4, MIT Press,
Cambridge, MA, 1980.

Hixson, W.C,, Niven, J. I., Correia, M.J., Kinematics nomenclature for physiological
accelerations, Monograph 14, Pensacola, Fl, Naval Aerospace Medical Instituto, 1966.

Homick, J.L., Reschke, M.F., and Vanderploeg, J.M., Space adaptation syndrome:
Influence and operational implications for the space transportation systems program. In AGARD
conference proceedings No. 372, Williamsburg, VA, May, 1984.

Igarashi, M., Role of the Vestibular End Organs in Experimental Motion Sickness: A Primate
Model, In Motion and Space Sickness, G.H, Crampton, Ed., ('.RC Press, Boca Raton, FL, 43-48,
1990.

Irwin, J.A., The pathology of seasickness, Lancet, 2:907-909, 1881,

Ito, M., Synaptic plasticity in the cerebel!tu cortex that may underlie the vestibulo-ocular adaptation.
In Adaptive Mechanisms in Gaze C,;I..Q1, A. Berthoz and G, Melvill Jones, Eds., El sevier,
Amsterdam, 1985.

Ito, M., and Miyashita, Y., The effects of chronic destruction of the inferior olive upon visual
modification of the horizontal vestibulo-ocuhLr reflex of
rabbits, Proc, Jpn. Acad., 51:716, 1975.

James, W., The sense of dizziness in deaf mutes, Amer, J. Otol., 4:239-25, 1882.

Jell, R.M., Stockwell, C.W., Turnipseed, G.T., and Guedry, F.E., The influence of
active versus passive head oscillation and mental set on the human vestibulo-ocular reflex, AyiaL
Space Environ. Med., 59:1061. 1065, 1988,

Kellogg, RS., Kennedy, R.S., and Grayblel, A., Motion sickness symptomatolo gy of
labyrinthine defective and normal sobjects during zero gravity maneuvers, Aer~pL.•dt, 36:3 15,
1965,

Kennedy, R.S., Hlettinger, L.J., and Lilienthal, M.G., Simulator Sickness. In Mj.1Q'1
pace .p.ks, G,11. Crampton, Ed., CRC Press, Boca Raton, FL, 1990.

Kennedy, R.S., Graybiel, A., McDonough, R.G., and Beckwith, R.D.,
"Simptomatology under storm conditions in the North Atlantic in control subjects and in persons with
b:lateral labyrinthine defects, AtaQ ,gQL, Stockholm, 66:533-540, 1968.
Kokia, E., Rupert, A., and Guedry, F.E., Frequency dependence of sickness incidence
during off-vertical vestibular stimulation, NAMRL report, Navwl Aerospace Medical Research
Laboratory, Pensacola, FL, In Press, 1991.

Lackner, J.R. and Graybiel, A., Elicitation of motion sickness by head movements in the

microgravity phase of parabolic flight maneuvers, AyiatSplace tivir.Mr, 55:513-520, 1984.

Lansberg, M.P., A primer of space medicine, Elsevier, Amsterdam, 1960.

Lawther, A. and Griffin, M. J. The motion of a ship at sea and the consequent motion sickness
amongst passengers. Ergonomics, 29, 535-552, 1996.

......................7 ,..: •



282

Lisberger, S.G. and Fuchs, A.F., Role of primate flocculus during rapid behavorlai
modification of vestibulo-ocular reflex. 1. Purkinje cell activity durin* visually guided horizontal
smooth pursuit eye movements and passive head rotation, J.NeurQphysoL., 41:733, 1978.

Marr, D.A., A theory of cerebellar cortex, LJ. 1hysiol., 202:437, 1969.

Matsunamni, K(. and Satake, IL. Comparison of monkey cardiac response to long and large
centrifugal acceleration before land after labyrinthiectomy. Paper presented to A'JMA 62nd annual
.scientific meeting, Cincinatti, Ohio, May 1991.

McIntyre, A. K., Notes on airsickness, Australian Flying Personnel Research Committee Report
FR 10, 194 1.

Melvill Jones, G,, Adaptive Modulation of VOR Parameters By Vision. In Adaptive.Mcghtiinismsin
Qa1ze Cntrol, A. Berthoz and 0. Meivill Jones, E~ds., Elsevier, Amsterdam, 1985.

Melviii Jones, G., llerthoz, A,, rtnd Segal, U1., Adaptive modif'ication of the vestibulo-ocular
reflex by mental effort Iin darkness, ENVBranLRes., 56:149, 1984.

Miles, F.A. and Lisberger, S.G., Plasticity !in thle vestibulo-ocuilar reflex: a new hypothesis,
Any., Rev. Neurusci., 4:273, 198 1.

Miles, FA. and Eighrny, 1B.G., Long term adaptive changes In primate vestibulo-ocular reflex.
1. Behavioral observations, Lij"Zl 1soI, 43:14(06, 1980.

Miller, A.D.,, Motion-induced Nausea and Vomnitiog. In lai t uiM oiting: Recent Research
and ClinicailAdytincs, RK, Harding, J, Ku~charezy, and D1,J Stewart ds., 1988,

Miller, A.D. and Wilson, V.,J., "Vomiting Center" reanalyzed; an elecrical stimulation study,
1klitanRes., 270:154-158, 1983b.

Miller, EF. and Gruyblel, A., Perception o1' body position and Sutscep~tibility to Motion
sickness as functions of angle of tilt and angular velocity Iin OFF-vertical rotation. NAMRI. Report
1182, Pensacola, FL, June 1973.

Minor, J.JL., F~reedomi of deaf-mutes from seasickness: Its bearing upon tile, theory of sea-sickness
and its treatment, MtpiL ,1:2.52, 1 889.

Monley, K.E., Motion Sickness and E~volution. In M~ptiQ~uA Uptnas5 ai esý, Gil. Crampton, Ed.,
CRC Press, lioca Raton, FL, 1-8, 1990.

Money, K. F., Motion Sickness, 1ýiysio cloakkw,5)l3,97

Money, K. F and C h cuitg, It .S., A nother i net io ii ot thle hinller car: facilitation ol, thle enlie tic
respo~nse to poisons, li 25inoML 54:208-211I, 1983.

Moore, 11. J., Leiitz, J. M., and (Guedry, F. le- Nautseogeniic visuatl-vestih~ulir interaictioninii
a visual searchl task. NAMRL- 1234, March 1977,

NlRC Conference on Wraparound Visual Displays. Brandeis University, Waltham, MA,
June 1988. Ballistic Rescarch Laboratory, Contractor Report I3RL-CR-629, Aberdeen Proving
Ground, Maryland, April 1990.

O'llanlon J.F. and McCauley, MYE,, Motion sickness Incidence ats It fufctionl o~f the frequency
of vertical sinusoidal ntotiont, Altw~e Mjti, 45:366-36S), 1974,

Oman, CM. Motion sickness: A synthesis and evalutation of the sensory conflict theory. CQamp.
L Phys'l.PhLUiiiracol., 68:294-303, 1990.

Paige, (LD. and Tornko, l).L., Eye miovemniitsanld visual-vestibutlar interaicticns duirinig linear
head montion. Proceedings of the Centre National de In Recherche Scientific Sympo~sium onl Head



2-29

Movcement Control, A. Berthoz, Ed., 1999.

Parkes, J.D., A Neurologist's View of Nausea and Vomiting. In Nausea and Vo'iigMechanisms and Treatmeal, C.J. Davis, (iV. Lake-Bakaar, and DOG. Grahame-Smith, 8d,
Springer-Verlag, New York, 160-166, 1986,

Raphan, Th. and Cohen, B., Multidimensional organization of the vestibulo-ocular reflex
(VOR). In A .2ptive Processes in Visual and Oculomotor Systems, Keller and Zee, Eds., 285-292,
11986.

Raphan, Th., Cohen, B., and Henn, V., Effects of gravity on rotatory nystagmus in
monkeys, Ann, NY Aad S, 374:44-55, 198 1.

Raphan, Th., Matsuo, V., and Cohen, B., Velocity storage in the vestibulo-ocular reflex tirc
(VOR), L-xperimenltal Brain Resear10, 3S:229-248, 1979,

Reason, I.T., Motion sickness adaptation: at neural mismatch mudel, J.R~y1l SooMod,, 71:819-
829, 1978,

Reason, J.T. and Brand, J,.J,, Moio~nSickness, Academic Press, Lrondon, 1975,

Reschke, M.F,, Statistical Prediction of Space Motion Sickness, in Motion tind Space Sickness,
O.H. Cranmpton, Ed,, CRC Press, Inc., Bloca Raton, FL, 1990, 263-3 16.

Reschke, M. F., Bloomiber g J. J., Harin, D. V., Michaid, L. J.1, Kulecz, W. B.,,
Peters, B. T., 1Head and Gaze Stabilization during Locomotion: Near and Far targets. ASMA 62nd
annual meeting, Cincinatti, OH, May 199 1.

Sheiharner, M., D.A. Robinson, and S. Tau. Context-specific gain switching in the human
VOR. P'aper in conference on Sensing and] Controlling Motion: Vestibular and Sensorimotor
Function, NY Academy of Sciences, July 199 1.

Sinhu, IL, Effect of vestibular coriolis reaction on respiration and blood flow changes in maln,
Aerospace Med 39:837-844, 1968.

Sj berg, A., Experimental studies of the eliciting mnechanism of seasickness, Acta OtoL~aryngol.,
13 ,343, 1929,

Smith, K.V. and W.M. Smith, Pý-rs~pjiQn~jtid Motion: AnAliy-j-o 5,%_rLý
Ichuavlr. W, B, SauLnders, Philadelphial, 1902.

Stevens, S5,5,, Mathematics Measurement and Psychophysics in H-andbook of E'x1)Crinientul
Psychology. S.S. Stevens Ed John Wiley, New York, 195 1.

Stott, J.R.R., Mechanisms and Treatment ni Motion Illness, in Nausea wi Votnitinx: Mechnim
=tlgzqU~ni, C1J Davis, OV, Lake-Bakaar, and 110. Grahamie-,9mith, Eds., Springor-Vorlag,

New York, 1986, 110-129,
Stott, J.R.R., Adaptation to NaULSCOýCnic Motion Stimuli and its Application in the Treatment o1l
Airsickness, in LAQtjo ndilnSpace Sicknes,ý, G.1-1 Cranipton, Pd., CRC Press, Inc,, Baoca Raton,
FL, 1990, 373-390.

'lriesman, M., Motion sickness: aii evolutionary hypothesis. sjvene, 197:493-495, 1977,

Tyler, D.B. and Bard, P., "Motion Sickness,"bsoRv, 29, 311-369
1949.

Vyrnwvy.Jones, P1. Disorientation accidents and incidents In U.S. Army Iluelicopters 1 January
1980 - 30 April 1987. USAARL Report No. 88-3, U.S, Army Acromedical Research Laboratory,
Fort Rlucker, Alabama, March 1988.

Waespe, W., Hlenn, V. Neuronal activity in '.hc vestibular nuclei of the alert monkey during
vestibular and optokinetic stimulation. 27:523-538, 1977.



Waespe, W., lVIIII, V., Conlllicting visual-vestibulal' stimulation and vestibular nucleus activity
in alert monkeys. Exp. Brain Res, ,33:203-211, 1978.

Wang, S.C. and Borison, II.L., The vomiting center; a critical experimental analysis. Art[h
Neural, Psychiat,. 63, 928-941, 1978.

Wang, S.C. and Chinn, II.I, "Experimental Motion Sickness in Dogs: importance of labyrinth
and vestibular cerebellum", Am, J. Physiology, 185, 617-623, 1956/a.

Wang, S.C. and Chinn, 1.1., "Experimental Motion Sickness in Dogs: role of abdominal
visceral afferents, Report No, 57-112, School of Aviation Medicine, Randolph AFB3, Texas, 1956/b,

Wang, S.C. and Chinn, 11.I., "Experimental Motion Sickness in Dogs: functional importance
of chemoreceptive emetric trigger zone", Auij, Physiology, 178, 111-116, 1954.

Wilpizeski, C.R., Lowry, L.D.,and Goldman, W.S., "Motion-induced sickness following
bilateral ablation of area postrema in squirrel monkeys. La•ngosccp , 96:122, 1986.

Wilson, V. and G. Melvill Jones. Mammalian Vestibular Physiolouy., Pleium lPress, New
York, 1979.

Yates, HII. and Yauiaguta, Y., Convergence of cardiovascular and vestibular inputs onl neurons
in the medutlary paramedian reticular fotnation, Blnilh Rsearch. 513 166-170, 1990.



3-1

PHYSICAL CHARACTZRIBTICS OF STIMULJI PROVOKING
MO0TION SICKNESS

Michael J. Griffin
Hluman "actors Research Unit

Institute of Sound rind Vibration Research
University of Southampton

Southampton, SO 55111
Eng land

Toe physical characteristics of moti ni stimuli responslble for
motion sickness are reviewed in two parts. The provocative stimuli are
catego0rlesed and their nauseogesic propexirtes discussed qualitativel~y
in terms o1f the sensory conflict theory of motion sickness.
Qua nt it ative information available from osperimentel studies with
specific types Of Imotiol is then nunestarised. 'Tho motions of the b~ody
considered in this review include translational oscillation, swing
motions, rotation about a veiticel axis, rotation about an off-vertical
axis, rotatilonal oscillation and' cross-coupled (l.o:. Co I ~o IlIs)
stimulation. Conditions produc.ing visually-LttduosJ m~otion sickness at~e
also sotnmnarised,

1. INTRODUCTION

motion sickness is studied primarily because of Lbs ptobiosus It, cýa-non h, jopouh
travelling in a wide variety of environments (see labia 1) . The rnotoions dazgy'lalei wAIt
,sickness in the various environmients are difierent and often complex and eo H.ti, Inot
immedialtely apparant wit ch mull ons are priimarilty roapons Iblo for: nAckiesu. LVow ýi Ituii I in>
conducted it. reul environments have mtade, useful measuremeints of butt, rie tmu. Ion and 11112ý
ct)sequent sickness so as to estaiLish cause effect relationships.

Table I Some examples of enviroranionts, activities and devices, whicit call caunnsymtlo
of motion sickness (fromn Griffin, 1990).

moats Caetul -Ideo
Ships Eliephintt rides

Hlydrofoils .:atr
Hovercraft
iiwiniminq Eel rrjrouncl devices

Vised-win nq i rc ar af'CtItip rash
IleId In p ca '19n inverIt In/i In n .Il I tI I I'-!;
Spal.' k. mi 'ic::rfi cd" re-tdotlt

13 L n c:; ~Im -Ii I tIt -, uklicy 111 Lins it'll mil

lixponlment-al studios have si:t)wn Ilthato loivci:y lijil: mt ntis cart oaunt' okim h
Iouoratury condirtions. 'ttose motl itrill have h oor: tso-l In c runLn y r) a inr) nI o 1-j I 21 i
p!-;yvhoi oq1:a5 iarorrplal.es wirti I twIjvi'.e,I i iSCOlIt 1111 lily I~ C1i11t bi(t sjic.knessJý. itr'1y lttvi'
tort, uttncc to tent. n tturtttivo 111ti-111tcinti Eil uktiHW1 rtq;, nr hIanrat.tr'y i iivteostill iitt3
ti-vv' inotttIf led a rnia~t inn betwt'eit the t y1io of 111tit011 nwXt' tot ' .1d tho' (orno:IFcnL1tt Into i ni
nlics itetzis

EV idnlice tof the calustint oi an1t [ot slckttrss come-5 fromrt Ial'tat tory iexpthe-' nta1(91it lu, I.-'
Liutdy, antalystist ft ttteoretircal I idtels al(d phtlosotphicatl tcti~its dotiut j 15 (ItII tIc" JId lW. 11
0:1 .inliris't "he rt tJ'tul 11)0 in lentriot- 0t , l atar~t ftott lalt:.ratotry !ulot

1.1 The causes of motion sickness
Stun soitetinq e It on nmotiort uS rokttoit tlhter Int a t~onroetn:y hnt ptoiihit to at ti Ii hutt I' I lie It

irnctli ti tot fc actora it ho.r tltact ito m tnt oti o~~'ra t'. til' Inion clthlitItI ' 11ti' 1,t11ty
ni ther nont-rot Ian factortrs are Ilaiiato ft>r 1221125 tj i kobese. Mcd t.,tt ir'kttu.'it- 'ii ,thell; h i
vasnilv atittribitd orLo astol psychologiucal weakness.

'V['- no ld 0st ilaul I iospottit ble for aickritos cantnot be out. I Iy (dent IIlr': Ity Itton oto~
perornt. itt transaport oriv irotiutttolt titore Is mu!.o bitn maniy di roctlults and tihe I ravelhlt (it

'isable to. att~ribute t he s ickness 4,n mot ion In any onie direotion . tstian- vony gentle
Ituovoenetla ire (:aabtltl of proclucitY sickn~ess - li itoce toICCI~ln thei r (of ltttt31Ce stay sIcnt a a ttL1

of weaknvtotts . For sosie-,onvcrunmntnnts so lent. ((t study has yet to identity '-Ite antL )it
prncnrpa Ily riaspottAiblo fur sI okitens ,I



rho 10I00SO 1:el atL i nish [fis entab iti shoed btic worse toot i ott rinc mot joi an icriretn a I I ow t.o fIt e-I n

iderit Iif jltioo of Culres. 'There are mtany, unpr~oven rettedies off-ered for moot lots zri:itittrr

1.2 Signs and Symptoms of Notion Sickness
A consido ta i ott of the pthyticL- s tntimtoli IcautiLog tnoottoin sirckneni atlso InvolIvets ,

c7.oortifeat ott of Illeans of quantitfyinrg the effect a. Vomit rino i.; t~he mi-itt! obvioitr aign cif
riol jotisiecktortas but. itý its tro t he only effect t vomoititng may ito neither the must. serisai lv's
nor 0io soot. I importantr conseqtuencte of motion siLcknetss. Whet-re the Intri deoce of mtoirlost
vckt~irtit s low, t-he recording of stotne leotiq drunati-c effetct Whith Irt iav i)1:, ptsentst fits rji oato

tinaritilty WillI be a more nietnsIt Ie lindicator. The various a gtrand oymptsoms rof motiLon
sikor mltirayrts differ itt their dependence on the characteoristilcs of moti.onr and ot~hetr Iat soI's.
fHowever, studies at tiea reported by Kanda et al ()9771) atnd Lawt~her and Gtilffi ti (987)
ouclclest: witlid and todorlrotis ymptorns of sticknerts macy bo predicted front tthe rel~atiot. between
voritLt i g riotidenre and ih ip toot~iono nagoitirdei

itrvtrti~garora ot motion sickness ha-,g oftetn chosen to usn rating scales which give
sorte weight to ef fects other than vostifti tag. 'tants sutch an 'nausea' arid ' sickness' have
dIffereit. mroanitngs in differerit atridiet no It In attractive t.o niandardine ott t:he ratltin
scale. One of the most used nttalett in that pr-esented by Graybicil et; ni (1968) is:. which Uite
acut~e effects are given poinlts (Tabl.e ?.a) which are thert aggregated and Waed to artItVU- at
ai lovol of sevority of mrt otio sickrnaci ott a t iv pci nt sctale fromt "alght: malaise'l t~o
If tsatrk sickrtesstt (aee TLable 2ttf , This treeI " has beetit usedi to categorise the syriptoing -,f

mtotIiotn unicknect In sante. of the Peaper otot-itt treII~trItra d no n itject tona' . to 9 bet iw.

Tahi 2I 1 i ilaituost ic ciateyor I at-iort of di tfr ettt leve ic of severit~y of acute,- toot iotn
nir!ktsesn ts dlefinled bn~t tirtyisil cit. a, .1968. (Po ints accosnulated frots the aignis
andi ,Iymptorni in thtis iabf arts usied to detertitino the, to tevast degree, of niet ott
sicknoss sevotinty givent by 'labia 2b).

Category pattonrttoitottic Mta jot Mit n or Minimial Additional

Ii frolIni!I A p~ointsfr A polntts 2 pitonrts QusaIifyte rg

Na utrca rirririt. i og or Nause t 1tr 1L, Nausisea I E.4r ija St r Lto Np igcantt 1to o
nytindrorti ret cit I nrj III dis.cotritort awarenness

Skint colour - lPallor III Pa~l or 11 Pra 1. isi)r I PI oSIrI rig

Cold - III it
:,weal-I i

111ictrea a -d - JII it I
saliuvatiotn

itrows.irtess - III I

P'at! it - -Ieadacrh-j~

C' t i ) I 1 1) - -ý It i I rotor

tyrit tarta Ž1 I I

iT'ilu 2bs Ivolti itt tttrverit.y ort rtute, rtit. rut sicktuein:t art fttitr'.Lic by tiraybloL ut i.l., 19gill.
fPolir t e 'I ut isirtiat ru frittit T'ilab l rt2 utile tsr deter ittI~ itie t o o 3r1 ri ot tons o ini t
ri Ink~: teIr nvon If.y utlowt Itt t itl it .airo i

ttjit.stl~ Iýo itf roverIt V Sickttetris t'atetqory

? Ii (InFankr suu:lrrt-ti

H to .15 Severe Maliseia M 111

'I Mndsirttat Miftlo,ris A Mt ILA

I to 2ratlq Mcilaine 13M ]I

I~~~ itIIh W c s
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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 motion sickness theories have
been proposed but none is yet capable of providing quantitative predictions of the degree
of motion sickness to be expected frost a range of different motion stimuli.

For a few types of stimuli, presented in restricted circumstances, it has been
possible to determine empirical relationships between the motior. and its effects tsee
Sections 3 to 9 teloi) . These relationships may contribute to a general model of motion
sickness hut they are not, in themselves, motion siokiless theories,

General theories of motion sickness are currently qualltativa rather than
cjaimuntltatl ve. 'They provide a rationalisation of existing information but make no precise
statements of what degree of ection sickness will arise in specific circumstances. The
'sensory conflict theory' derc.rbed below provides a useful quaJlitative introduction to the
characteristics of nauseogenic stimuli,

2.2 The senesor conflict theory
,Several theoprles have been based on the idea that motion sickness arises from a

conflict bntween the-' information received via two or more sensory systems. However, since
the mean:!nq of sensory information is being continually re-learnt, we vary our responses
to stimuli, There is not conflict between the stimulation of the sensory systems, only
conflict between the interpr,,tstion placed upon this stimulation. Any measure of conflict
between the physical stimuli wiii be fixed and so such conflict will not explain
habi tuation t.o nauseogonic stimuli or the after-offeuts of exposure to such stimuli, The
extr.nordinirsy adaptivs 'apabliities of the human body are involved in both causiing and
overc:oainq motion rickneas.

A conflic' between signals received from different Lenses is more easily considered
a conflict with what is 'expected' than a conflict with what is 'correct', The combination
of s51gnaLrs %dhich is expected wril be largely that which has been learnt from previous
expor:lIIce!rt. The concept of sensory conflict has therefore been extended into a theory of
nnle 1ry tI'lai ransnieleit (sec RSc ron, 1970, 19171) ,

The aerruory rearrangement theory of lw- ion sickness states thatt "alJ oituations which
provoke motion sickness are characterised by a condition of sensory zearrangemrert in which
tUre mrrtion .iignmIs transerillttd by the eyes, the vastibUldr system and the tion-vestibular
Pro 1r boci'ptor's are at: iatirarice either with one another or with what is expected C'roa
prariorrn erperieco" , Reason and Brand (i9g35) suggest that the conflict may be
coxvesrliuntly sald sufficiently considered in two categories! inter-modality (between the
eyeii and the vestibular receptors) and Intra-modal ity (between the semi-circular canals and
ctulithis within the vustlbolar system)s. For both categories it is possilhe to, identify
th4,c' typos of s ituatio[nin which uorifl i:t may occur (seer Table 3)

'tabL I Tyi' esl and cuate orieo s of serliar r itt

Type of Category of conflict:

conflict Visual - Vestibular Canal - 0uoltth

Type I Vldr ,qt 111rr'r V'rIr ibtrl1. ,r mr) r Cunal,3 and otoliths .tLmiLrtaneously
Silill iar,'ronly r lr l flrretrt signal lifferent (i.e,
(i ,,. r: nil ' "Idlitorly ,r conrl.tradiCt.ory Ol unrcorroiated)

Urrrortr irnli" erd) [iuforiat o la Informatilon

Type Ila Vlitual systemlr signals in the Canals slyr-al in the absence of an
abiuon el. airll exp.cIed vesLtibular expected otolith Signal

Type lib Vest iutrlar aytI..eri slgrnjrrrl In thie IOt~ol[t.hr s ignal In the absernre of
abherlco of all rr oxpc

t 
ed v.sta l rOin ap,'otied ctanal signal

Mrrt. iih ,tievi ornntipn's car, rnvolViv rorste r ira one cont Ili t r there is genierally sore
:Ul. Iir rit y lit drfr:idinrrr wh(!r,' the varilous cni ronsients sliour d be enit red than whether thoy
C'.lrr Iho tlteoron withlLn Lhis Tab.iteogotisation 'fable 4 ilutintrates the division advocated by
Aoi.rirnirri (1984). Thrie tollowIng 'x'sp an,;ttIons are derived fSor s rriffin 1990) ,,

C .'
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I~l II 1i'~'rI2 I ~o ii oic .iorol l~ .10-1.1Cd hý' van-ili! I.tCVe- Ilo o ii - N I' ihIllii. (Adotpt (,it

from Hfenson, 1984)

Category of motion cue mismatch
Visual (A) / Canal (A) /I

____________Vestibulai: (a) Otolith (3)

TYPE I Watchirg waven fromn a ship Making head movenientei whiiut
A and 2 rot~ating (Co,:iolis or cross-
simultaneously give Uae of binocuiiarsi n a moving colprlad stimulat~ion)
Coantadiacto:y or vehicle
unoortelated Making head r~ovomelit. in an
informdtian Making head mnovements wheni abnormeal acculeration

vinqion As distorted by environment. which may be
optical. device constant. (L.g. hyper- or hypo-

gravity) or fioctuatligq (e.g,
'Pseudo-Coriolla' tatiiiulat.iun linear oscillati1on)

Space sickiness

Vestibular clino::dors (e, g.
Mftncire' n dlseatie, acLe
.lahyrint~hit is, tr aneri
labyrint heciornyl

TYPE Ila Ci~noraini 1ackleoq: Poe titional aicohol ri'rl.agmiun

Asignals in absence
0. expected B signals SIiieiuietor nic~knoine Ciloric !tAr iisuat~ion of an11il-

Hauntad awing"'iclr ait

Ves~iI.iular Uitiorcduts to~g,
Circu,tar vlhitoiori pronsure verl io

Type Illb 7oonkiý insjide a movli t~ow-ftieqlikoncy (<0.5 IN.)
3sgignala in absence vehicli, without. exi-.Lcmnat rtzl~~ I raeitccte In lilt,.on
ot ex~ated A signals vliuaim ref~era.lnci-1, uq bel ow

dvok in boal.) Roeta tingi I.Aiknor ar.rrti
vocLar (13. 0 h-'n-e;'

Reeding in a m1ovingj vCehJL o roULIe.ion, rol-at. in abhit en
off-vartical agisl

2.2.1 Visusel-vestibul~ar oonflii't
Type I

Wi.toh leg cueathy Waves F romn a ,heh ItomI-il 11 In n~aol. Vow1 I hut or and nacne. 1,otnat -fonsoney
lecp Ion of fic meot.ion of Lteu etip reaidlye 1.o the g~ravil~tationla Hinld (it (Ai 1at';ar

wh ile nlel~lili( only7 tho uloi rort aititn mo1(112101 ill thu wave~i rit at Iv( tri 0 h 1 tic- i ll'(. 'I'll a!
.9 [t eltýIori may he rulcdtI y placed eia, a typoi iLon I L [i.-t It i t-d. 11,111 b-! nelillllelJ 0t01. Uri-

wi)', 11. -ll a N! 1e '-1ott byi wo,111 ln i. l, tot.i r ~ v hin w t ,:._ l.11 A

nu It b e 11u n Iud ad i c-it t hy l .a 1 i ll 11110 u n c-l i Loau : 1 lo l n j iki u a1th I ii iA 01 o I- Il , I id t VI :111.1] t ' .11
r11 ill 110111 tii hc-to 1:;Lll~i 1 11' 10111. II llh11i'' I'l llllll lIt't l~l 1 in (1111y.11:j h.on .1Til

vi11.1clciitIorl tr c ot ic taune 101111- ma n ic -I 11 c-tl .% i )lw h Vel Wli Ii. uli:; t1 leuvIlli

Jti ho 011.11)1 1111C. Vii.a 10111 ncld t W ic-r %f. tiotlyt r mo at, ~ l, I inodo itum t" cvil and lboI-t III .011von

Type Ilb

Ma-il ny o tl m11 l it n ' 1 1mava allokove' Ihu1 hloo i: Il- ti il y rImiiltl-' In1 11o !;il' vut~l- ~ call101

ilatc till111. inhie byI H i Ai M e on li -11 00( llh vil I111(1 11011 ,: ou a v c .l 1110 ii'IýJ 111) i 0lll1 VOIl l -h-i
pito.ucvi111k a s od in ii Il hu viti tiol 111

Type Irb

Many folill f ' rav l. a ckn arr may be t lvist 1,-rt'iil~y itt'r butmi 1,, h,,vn4.-ib lai
I~~~~er~~~~~k'j~~~~~~~i~~~~tl~ ~ 'I lx''"Wi e 1i ltljd 1 t O? LL! Ilit ol 1e s i cry 7~tl~ rt o
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2.2.3 Canal-otolith conflictTypo I
The cross-coupled, or Cornolis, stimuiation which occurs when the head in rotated

about an axis other than the axis of rotation of the body is said to be a Typo I canal-
otolith conflict: it is usually assumed that the atoliths tend to signal the correct
information while the canals provide a false signal - see Section 8 below.

A different conflict occurs if the head is moved during exposLure to abnormal
t~ranslational acceleration, such as high G aircraft manoeuvres, zero G in spacecraft,
acceleration and decleration in cars and oscillations aboard ships. In these oases a til.t
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 sickness has sometimes been considered to be a Type lie canal-otolith conflict
since head rotation will produce an appropriate canal signal without the normal changes in
the signal from the otoliths which occur when they tilt within the gravitational flael of
the forth (Reason and Brand, 1975). However, voluntary head motions which are associated
with space sickness are thought to produce accelerations sufficient to stimulate the
otoliths and so it may be more appropriate to identify apace sickness As a Type I ranal-
otolith conflict (see Benson, 1977).

Some disorders of the vestihular system caused by disease give rise to symptoms of
motion sickness due to unexpected Llontributions of signals from canals and otolitha, and
so say ais,' be classed as a Type I conflict. One example is MNinltre' a disease in which
both balance and hearing caln be affected.

Type Ila
A signal from the semi-cIrcular canals in the absencs of a signel from the otolitha

can arise from tre convection currents set up during caloric stlmulation of the canals by
irrigation of the cuter ear with warm or cool water, Similarly, a difference In the
specific gravity of the endolymph and cupulae which may arise from the consusiption of
alcohol, or 'heavy water', results in the cuplase being deflected by gravity, Both of
those situations can produce nystagmus, dizziness and nausea with the greatest stimsulaoln
when recumbent with one ear down. In this position there in a strong feeling of not being
moved from unchanging otolith signals and somatic senses but maxiteal stimulation of tho,
normally, horizontal semi-circular canals.

Type 11b
Constant speed rotation of the body about an off-vertical axis results in a change in

otolithic stlieulatios with no change In the signal from the canals (see Section 6), This,
is said to be a Type Ilb canal-otolith conflict. With rotation about an forth-horizontal
axis at about 10 rpm on a 'barbecue spit', nausea many be produced in a few sinhtoe, A
similar conflict, occurs if the body is oucillear in translation at low frequencies, such
as on a swing, in an aircraft, of abnard a ship (see Sections 3 and 4)

2,2.,3 Signifi•mnce of the theory
When providing a qualitative explanation of the causes of motion sickneos, the sensory

conflict theory is, often sufficient: all known causes of sickness are accommodated by the
theory and it suggests some useful preventive measures. Its greatest value appears to be
the identification of the relevant sensory systems, their interactions, and the foundation
that this provides fur the concept of sensory rearrangement.

Mhe sensory conflict theory dooe nor indicate how sensory conflict can be measured end
At therefore provides no quantitative Information. TL cannot be used to Iden'.ify which oI
acveror posuible conflicts' in an onvironment is miost significant. The sensury corf lotA
theory might be used to ant to) pate whether some combination of stimuli is likely to be
nine•oqenitc but it canoot be used to predict the extent of. any symptoms, or how they depend
on the m.agnrit ide of motion, the type of motion or the duration of motion.

A d(relopment of the sensory conflict theory, employing control theory asid based on
the means whereby the visual world appears to be stable despite movements of the head and
e,es (i.e. 'efference coppy'), has bebn elaborated by Oman (1.982). He proposed that the
site ot visual percepticon receives a 'cupy' of the efferent signals sent to the eyes and
contains a model of how the sensory pathways operate. If the model fails to account for
the received sensory information it eventually adapts but, initially, 'reports' conflict
and produces signs and symptoms of. motion sickness. A separate system model of motion
sicknesas was evolved by Riedel (1980) and is also based on sensory conflict,

2,3 Other theoriee
Somo mot ion sickness theor les have incriminated somatosensory proprioception of joint

or vlsceral movemeht while others have blamed the 'sloshing of the blood' or the
flucLtuat ing smechanical pressure of blood or stomach (e.g. Wollaston, 1809) . Such
uuggest ions are generally discounted by evidence that an impaired vestibular systets imparts
immunity to sickness and the tempting corollary that the vestibular system is 'responsible'
for sickneas. 'Overstimulatron theories' attributed sickness to excessive stimulation of
the vestibular system and orientated the discuaaion towards whether the otoliths or the
semi-circular canals were responsible.

2.3.1 Otiolith tilt reinterp etation theories
A 'tilt-translstion reinterpretation' hypothesin (Young et al, 1984) and an 'otolith

tilt-tranrlatios reinterpretation' hypothesis (Parker of al, 1985) have been advanced in
the context of space sickness. The absence of a gravitational field in space means that

11....jf[
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otolithic signals only arise from translational head movements - unlike on earth, whore the
most common cause isi assumed to be the roil or pitch of the heed through the gravitational
field of the Earth. Roll and pitch head motions In microgravity will give signals from the
semicircular canals, and relative movements of the perceived visual scene, without the
expected signals from the etoliths, Astronauts have commonly reported that, early In a
flight, pitch motions of the head provoke symptoms of sickness. Immediately postfllght,
astronauts who have adapted to microgravity exhibit decreased ponturat stability with their
eyes closed (Young tt al, 1984) and decreased ocular counterrolling during tilt (von
Baumgarten at al, 1984) Both observations are consistent with adaptation to microgravity
resulting in a failure to interpret roll motions of the head in a gravitational field as
rotation. It has also been observed that immediately following spaceflight some astronauts
perceive roll motion as horisontal translation and that roll motion induces more horizontal
eye movements (Parker et al, 1985). A 'prophylactic adaptation training' procedure to
encourage the appropriate micorogravity relationships between otolithic and visual signals
prior to spaceflight has been proposed by these authors. These hypotheses may be
considered as lending further support to, or refining, the al.l-embracing sensory conflict
theory.

2.3.2 Ratlmn-rssponse theory of motion siclnesu
It. has been suggested thr" the causation of motion sickness might bd partially

explained in terms of inappropriate (i.e. unnecessary, unnynchronised, delayed, or
opposing) reflex responses to movements (Griffin, 1990) . Reflex responses normally aris
from the interpretation nf signals from the various sensory systemis capable of detectinq
motion. The standard interpretation of these signals will. be incorrect in some situations
and new reflex responses wLiI, need to be developed. Motion sickness is assumed to arise
from the 'conflict' between inappropriate reflex responses. * The theory is thnrefore
centred on response conflict rather than sensory conflict. It is suggested that while
sensory conflict cannot be measured it may be possible to nmeosure indicators of response
conflict. Nevertheless, the suggestion appears to be broadly compatible with both the
sensory conflict theory and the otollth tilt reinterpretation theurles, ' The reflex-
response theory may contribute to understanding the time-dependant nature of the
development and recovery from motion sickness. It may also suggest some measurable
parameters of both the motion and humnan response. This theory does not discount a role for
somatosensory perception in motion sickness,

2.4 Application of motion sicknehs theories
The sensory conflict theory cannot be tested by experiment tiinoo, while It provides

a framework for what has been observed, It makos no preclse predictions, Since the theory
cannot be diasproved, it may be assuniod to be eithor broadly cDrrect, or irrelevant, The
theory does not make qunLitative prodicions,. indeed, it Lmplies that such prodictions
cannot be made. The effects of changes to the quantity or quality of motion stimulli
cannotL, therefore, be inferred from thu sensory conflict theory.

Any explanation of motion sickness in terms of the sensory conflict theory is
therefore qualitativo and does niot pruvide an explanation of the physical causes of
sickne•ss Although some latkr theories attempt to move the theory forward thoy are also
insufficient to make conftident predictions based on physical measuresients.

In the following sections some of the available quantitative data are presented. The
occurtorece of motion sickness with the individual atimurL should be accommuodated by the
seinsory con I Iict theory, arnd all other theories. flowevre, currently, onlty the exporimcental
data show quantitative r'' aticrh-ihie between the .'hynicat oausesol ot anickneus arid Him,
various aylgtis and aymptoins.

3, TRANSLATIONAL OSCILLATION

3,1 Vertical oscillation
t!:udcies havo shown that 1()w ru'l(tmlr'cy Vcodl I r:a] o, ri ],at lotr, :oni 'tune u 'Iaunno (iti ( In Ii

anr arid arrlmalsa ,

3.1,1 Human studies
Morton et al (1947) report exposIng f[vs subjects Lo up ard down si,)tion ri a I ift; 'ver

a distance of about 5 metres with an accelert ion of approxistatiily 2.1 sis ' and a emaxismim
speud of 4I mst. The exact charaete(ait lcs of the motfion were not sitatad but It was
ripot tend Lhat four out, of the five siubject a became nick In a period of 10 t ) 30 mnilil.ens

The first, major ucries of systemiatic lattoratory stui,lrcs Of the t productl ait of Itl otil
in[cknesis ins man by ver Lcal itscl cLatlon wet e coridu1l-ed wit neveratal hiindred Naval ,,tdet.5

and are aor'times referred to an the 'Wtleleyari Univerasity attudiru' An a)1rvatn, # or ifft.
capable of 5,5 Isattret n f di spit lacesinit (peak to poeak) wa usaited no Lmt art" 2)0 tiLnit. '3 eX(l tiCa

to all ernating periods oi oorisitantL ascelerat Lon nild constttaot w4evity at that the risil u:lttng
dispiactleerit waveforms were, ve4ry approXintat.ely, UnitItiudal . ''e I fret st.uAdy investrigated
four different frequencies (0.22, 0,27, 0.37 and 0,51 Hz) and 'roduced the citthiusion that
the hlhoer frequencies resutted in less nicktesa (Al.exander of al, i945a) . Th' sectnd
snundy showed that I:teresa ing the manuytiItUde Of the motion (at. about 0.37 lV) increased the
itcidertce of sckneuss (Alexander et aýl, I945b) . The third study msed similar frequent uL
to I-he first Study bitt coh1Kt t'qe a the per Inds at constant acceLe rat. Lon aliowed t.he.
generation of d[ffe1rent Lmagnitudus of motli0 , The data again showed greatest sicknes, wilth
lowest frequencies. However, comparison of the results with those from the earlier studies
resulted In the concl union that moderate magnitudes of moteon produced ithe seat tiottion
sickness and that the highest magnittides produced least sickness (Aiexander et al, 1945c)

. ., , .,



Tbs I:Ok rub at Iidy incest !gatc( t.11 Qo tli cit kl irusysseo1t rind~ w acevu I.ris (AlexKanrderi et asI#
I 945id) .A Iliter Study produceod furthot dJata with1 the same frecluoentoea (Alexander et al,
1.947i

'The above results f:rom chit Wouleyss y am tlng Irtoldenoe (%)
Univen ally studies have been rioasalysod !to as 60-
to express the crustriltin iocit dunce as 'a fun tAori
of r~m,,e. accelerationr for eac;h Freqriescy (see - 0,22 Hz l 0,27 Hz
F'upurni 1 and Lawt-her and clitt E fit%, 1.987) Wh ite
thfe re i ts sca t tarj. Isn t he result1.ts I.t Is nappa reont 40 - 0.37 Hz ~0,80 Hz
Ithitt vart: Ins) acn-e (oraltioe at 0. $3 I-IV. pruduIOerl
less v ornitin L.s han the asenre acoref r et ori at
0 .37 liz, rin I bo(.h f rusquintu. is p)rodnoed less u
vomitting th.ban s~ons s at icr. at U,21 tV_ Otllher U
pehllI nattonri is thm serl[(is tepo ut ntis abitnuts~
of s rel lab]. effort of I [sue of day ono si okritese
l5153 I ho lt levat or', a1 crtcloin etwoeen 20
nil cikoi3Sa or rte Iia ucILator arid npresto ina
quet fonrmoual ji- h Lstoayy o f mlo Louio suelonoesu, as
atemLrplt lo find effects of motioon nil c-krisse on 10
task per rita rie nii d t how the absetrie ciif ai 1
rrig ai t I atj ofcJ o1-1:1 f temyrrnpratti ro on sottori
31 !knti cuts Isn t he LIoi'nafcrct, Stiu d Is ma of t.h1e
olfinairy of ani -unr1-it on ri..cokrionst drugs were
slo inn rde rtikon. 0 1 2' B 4 8 6 7 8

furoi re hrt tboonu otnly rine u)1111 inajour no l Acceleration (ma'-2 rma.)
I lahborrr- VCt )lYiI Itcvoart. i qat t.rrint olFho I n Olq rat;Jýl riueIVii~ui il ottn

iteitwuri pbytilcat itlin arsd or.s Inni.ts of cod t'sfiurt in:llttr i oiilr
tint ,utii aind sot inn slinkri 'r iii htiuains. Th urn) dunce Witlli acaole ratt I e 1rargnri I.licitr

A ~ ~ ~ ~ ~ ~ ~ ~ o Ica:ia i uei wroirrckŽub tiunWtoe tur f requ encie o 3 lf di storted
H.nriven rch ti-run (up a2, inst(aler by aquran Ftol ned C nsta .crtice1ai mtiori, (Daute from

etilmicepportred by ani iiydtraill motit I oni nyuratv Alxwior tsb197
uailiirit- of I,. sirtrtos of v~irit ma I dtifiavresert,
1 ii deyjres~i of roil enrl Ii'i dorgjroos of pi c~it (thle axjes totaltioe ware ipprom.i maturl1y 0.4
enotre3 1urlow cic ( lterof 4. Llieiii T11031 (I it1 ul tidy uXPisJUcI cgrnnfIS of 21) to 33 subjects
t~o easch of 14 oxperinisnlol onirudltiosri Iscolincl nuq ¼rrnuu ragnitmlode of. cent (cat siniusoida I
iiotioii at 0,1)83, 0,167, 07133 arid 0.1500 (0,1 i'lettrio end NiCtsuliry, 1974) , Sealed soubjar.tle
r111t ci th LAioSr ()ii M 1H.Ocirrrrsi ciiriricr on_,slpciinof. up co 2 (inurei withr rio oxternici c~le'w.

Vnrlcjta tie qrolLeIn~o at-rri fron 01 fililte xlriii hieti l uaiit'uduet flof artls eatiortý hol innri
ron' t i.'od I to gene d tn Ic cI Ik u .ao~s Iti nqwo Inht i req use is atqn Lu a oh "il r :ucfui Y til cuy mat x cli IIn

meri~titt ity tinrot t70.ori nickrsumci won ticitnI i~ ii hr.f 161 (ltit *The urotho rs proponed a forirt (c
for it urial li: a~nymt ion slckreiai, uncidoacci IMS'11 icer. 2 (tents hasert1 on h~is ititegriil of a o4
mcmiwl 1lind.! liii it lridrlr clfro ioll. This writoi calue of rthe I irwil: inn arefiint ted the awccoleroniort

tncqti (red -At cI partti c'iiii Itcol~.uwlttity to ouituniitoa jillý comtrii: Oug(se Seotnt (3err L7 i (nnltw).

t'lCiauu fey of alI YV ( 7) inxtruridiii the Ltii t tot. tudicilu to trifroueiirtlrte] uboccV 0,5$ lie.,
canl vlicgl.atd r.0815i0l11a tr . 13 litl anrd in). unito aitnrd exsiruiti d habitusat iotini Ce i'Pt a Sled u it'r

wuit (Ji", 0.6* '1 sari itI tis sowed I Iurii iiiot (cii lo lire ii i mi dormsCIU CoittinrueditI o decrease air the

Va0inm t Intqr ig%i v'10arn~t~ng (%*) ____

900- 2.2 ma~jnrm,s3. go -* 1 h Gaposutite

at) r .,Gi me-, tint. 00 - 2 It axposresie

70o 70 -- Alter 6 day Interval

60 - 60- Allte 6 day Interval

60- 60

40- 40

20 20

10 10

0 1 2 0 4 5 1 2 G 4 bI

Day of exposure Day of exposure

trigur* 2 Ilais 1I tat btui lii two gucuitpi of Frigure 3 (ubitti I cia ci ill ~wii cliinuli ci
qutilincAtte expuriurt on I(vs ecarlne ie nubt Jcots expueauc to 1 .2 liz cutrvrt Icuri I
tlrtiep exposed Ina 0,25 lIt at: 2,.2 ins r *rna. al tniuoidl m not tort at. 1.3 ins i -ni-, s. onr 6
and tle thurr rrrccup exponen t u (1.235 Ilz at. tiornnIt (niir , N~omt.t I rig iiIti~enie shown
1.7 sirE' rsin mm (tilati fr-inil W~ailsuy sit sliceir I ti tf nint~lorn eapoautre, Da.ls foiner

ar I (9711, Hurfxuliiy en al.*, t9lt).
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frequency was lircreasec it1 tee accuiet o... a, is1,ýqtil mdk Was iiitcl..ttiijo. -j11 y I jjcI -:1 . t
41-) became sick with 0,7' HL ve~rtical, molt:! at-. 55O ms' tins. a.With roil or pitch motion:
(at OttO5, 0,230 or 0,345 HY, with miu!'-.,dss of 5.5 to 33.3 deg o'? romss) addted to a
vert1ical. Motii onftL 1. 25 1 -it 1,.1 n~ rm.ts,3. thle. ircidernvof ut sir~ktess wa s not:

1. Lgtiicsaz.tLI y d Ififfear e jt f ree s ic Ano' e .! thLI thev e'sr t ical motion aloneo. Ni subject vomited
wit~h roll. motion alone (33.3 d5(, , at 0,345 Hz) but two subjects Vomited with this
maynol ute of pitch. 'teauthors infor trhqt the results support the conclusion that
vertic.al mnotion is tile cause of seasickness Ard imply that bract ccc Ion duri:ng vertical.
osclillation cay not contribute to sickness.

'three osxerl[mental studies of. huih ituation Vomiting I%)
areo reported by McCauley of al (1916) Tb" 100
f irst rw-poritscent involved exposilog 20 sal''
subjects. an fi~ve occasions to 0.25 INi vertica'l 0.8 -4-
cnot itotl at: 2 .2 inn r in. it, 'The sub j-ct s had all
pros I eta.). y vomniter) when exposed to ,1e tie Sot Lont. 80 4- 0.25 H7
TtheI iiic donce of nict Ion sickness tell doiring 70-
tite Fiveg experitlontal sassoions ft rot l5% to 30%. - 0,333 Hz
'the soccttr and I: bird experiments wittt siiqhtiy
ulitfereot exposiures involved ants ii groups of 60' 0160 Hz
isa Los and fo! i.t I 'ýSo stid shlowed Ialsmila r 50.
habkultAtoo si trot but, after a pecriod of 7
daIys wit but co1t Ion, slu:i~ci~pf liiI Ity i ttirntised - 40-
t-u'jyetti~nc that: its Inilerval was stificlenti
to r scuhj i ct nts ro ltise settle protction firosi 30.
teclIon slckoleso i'igttre 2 sitawl; that the nito
of liiabtt 'at lri wea- qrnetar in oxpe r tenKn 2 20-
(withi 3.3 Inn' , thenl in expotltinict 10-
(wit) 2.2 inte -' ýs.na.s) - the autltor~s aitytosted 1-o
that tiin lit tyc, lhobrcetiso haitn uij tios Isý rooster r)~-''-'---'-----
when tioe atlaiulus Is ttore teuneogenic. DFigure 0 20 40 630 80 100 120
3 ahotiws littat the ra

t
:o of habituatiott was Exposure timne (minutes)

utrnattlt (In tie f'i s-s hour: of eltporilcilt 2 (2
1it1.1r exposttri(3 iLicnitn oxpor' litont 3 (1 hour
eýxposuyesf . "'hos ra~tant io was als.o greater: In tligur. 4 Increase Int the n umiber o7ýaf
tue (tum xpi cJod to 2 (touot oil' iioto Iottpe d-ty, pm r'tors to have votmited xliii. increasling

Aqiln, the tio.C 'C tiS uqtl!Oi'! ic exaoXPO Strsto-'lt i L duratiott of exile eite. La ted11 t rOqttelitci
(Irat-r ~dunte-nof von btAci siinuucidat ntotion. Wets'

itt irear~rhuh suris .frost Mccati itty or al. 19716).

Ii igtr 4 i lititiratn lhu t .hr is i ri the
IttuIlkt-t: .k1 Co or1 cItiort rkin.1ch tossnn w ilI I tirt rett'tlttcg du rat ion enfl exposu re toa four rtrtsritienoi orn ofr
silotI ottill r; tpoi- tii bIy M'c-.aule y of (Li I I 1'316) , They retuosi that thet custutative miotion
silctknont Iit Inoiieiittt ektl a ftttctfinn of. expissil o tirne call boeoxpressoei In tories oiý a log norttalI
cliii ti but] tie All nmet] ottl is ot~fetuiito expte.its motion ttlckncoot as .t futnctioni it
I requoitiry, Ftituc rt t nd expcisitro L ltite (stteiSoctiott 3.,3.1),

thin '- m-t do utjic I loiL itli Fnt'(uititcy r't, snot. let ttickttcus in ,diowti Iti liuiqartt !) For 2. houir
-Itpottiii i-I In Vi -I -ite.~ It'~piago o () hus [tniot, I oil . 'liTtr'e dalia show a rtioat dttcrcaso hir rte
v"idst[ I itItj I nut iiiets uc' (itodririld by vort ittiI l niunltto cic lcit lorittbitn with Incrcas lnrji tiiusluticy
I miii i I2..' 0,'ti lie . VI" uruQ 6t !lir.wt-i Ithat. dt treritiinIino hot~woet 0 .1I)' aend 0, 0 Itie t ho
It1'.1 -tsnt' 1i 11 ussl I Iu iii' 1 -- l'ir'iioe w 1.1 it 11" itir iit lI flict' aq. turl'- ofi t hor mot lots wer' tont i Iy

10 Vo---ri IOU-- -iltn ------ - - ------

rnlit
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F euny(Hz) Acceisretlon (tns-2 r~me.s)

Frigurile 5 Vat I at Itotn it vosltnitn iq aictidence Friquxe B Variatilon in volisit innl I nic Jdettee
Wit t.1i iteIri'(~ittii.:y cOt Scti:S anUncr'idi whith the miagnitude iof vertical sintusoidal

nlo],ii tot 2 (oira Ibspoourea to Variouls motion for 2 hour exposuiresi toi varIous""ljtII i]el't t (D:lii lat~a [ruil tMciatily freriuettoiea of motifon . Utat:a frrom
. ¶lal,!T/) McCauley elt at. 1976t,
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linear, 'Tie iidlil-!r ins which voalt]tilg incidence varied with buth the ntagiLtude ar;.h the
frequency of vertical sinusoidal motion is shown in three-dimensional form in Figure 7.

Inoidence of vomtling (%)
Guignard and McCauley (1982)

investigated the effect of adding
harmonics (at 0.33 or 0.50 hiz) to a
fundamental frequency of 0.17 Hz vertical
sinusoidal oscillation. The authors
report no statistically significant
difference in the incidence of vcmiting
ptudu~..d by the five conditions studied, 0
The motion sickness incidence varied from
50 to 78% in the five conditions and are 40
reasonably consistent with predictions of
40 to 58% using the motion sickness dose
value procedure defined in Section 3.3.3. 14 II

While studies with artificial stimuli
have involved sinusoldal and pseudo- 0,08 al,1 0.16 0,20 0,.5 0,83 0,42 0,6 0,6 0.7

sinusoiddl stimuli, several investigations Frequency (Hz)
have been performed with reproductions of
recorded motions from versels. For Figure 7 Variation in vomiting incidence
oxAmple, Malone (1981) and Anderson et al with the frequency and the magnitude of

(1984) summarise results obtained with vertical sinusoidal mctlon for _2 hour
reproductionj of motions predicted for a exposures. (Figure derived from Grirflfn
surface effect ship travelling at various 1990).
ape eds.

3.Si Animal studies
Sjbberg (1931) made dogs motion sick using vertical oscitlatton getierated by a seustaw

arrangoment, an elevator and a crane, Studles were alno undertaken with human subjects
(aste I tiberg, 1968). After trying a four-pole swing ind a complex turntable giving
continuous rotation and pitch oscillation, do Wit (1957) found that: vertlcal csccilat.loli
of 'egn in a cage euspendod by a spring (0,33 I-hz, 2,5 metre oxcuusion,1 4 Illsm'r ll,) Wes
morc effective in causing sickness in dogs. Exposures of 20 minutes were s8inticienlt to
cause sickness,

Using a scans of, ostcillating cats vertn toally, McCabe and dilingha (1964) woere ib.h
to cause siclkness in all anhtnals with en approximately sinusoidol accrLelartion of about 4
mia ; ,•"s, . (frequency unknown) , There was no apparent di f oretince ii siLckneesi between those
free to move, those who rested the]r heads en the floor and those whose heads wore fixed
by a 'tooth bar'.

Suri et al (19719) reported that 0,65 1Hz vurtical sinusoidal sciliatiuou at 4.3 In;'

rm~s. produced sickness inI catst 22% vomisited wi.thln 20 minutes, Boriso oir l otniI t
(1986) produced sickness in cats w)th 3.5 msat ra,.s vertical osd1ltation st Ahoul 0,5 liz,

Twenty ui nutes vertical silnusoidal 0,6 IcZ oscillation at 3 Mi n rm ,, has also been shows
to produce vomItitng in cats (Fox ot al, 1987) . These authors found that thLs frequency ci
oscillation with a displacoment of 0, j1metrsa (2.,,! mis ;' rut,s.) also caused vumilting,

Usilig vertical sinusoldal osc)llation it1 tlIe r.nltqc 0,17 to 0.3'3 itz, wii-h ackc:ehratiuntii
I n the ratige 0,23 to i . 3 ins- t'its,, W.lpi zeski VI a I ( 1 'Ta) fuenid 'qt i [rr m1l01kr-'ti
r tn uilstllnt tin motion si0!ti ,,.1, t 1 tI lhonkeys] 1 ti(liy f;Lt'.ie)I)t Itle. to) nit lt toll o, il a
terL(ccl axis, only 1 vomited whein exp:qntlteho y' r tata c[te) tletn'e. fliTh. oilier! wi-rI,
oxposeid to 2 hours pet day for up to I0 daysj without 1igm ii of snicktens . Wi pl z-ski et i 1
( lt31b) report that vort.tcýal s niumnutoid l d ,tiaci i t. t ait 0,2 (hi lItuugh ,'l din(ilf'+, lI t 'ni ,t

2,1)0 metresmsIe . ,Ilt,) p'roduced iAkli'htlOsl i only tea iqiuiutitle ioriket'ys t withil tW.

The house imuik shrew appsailrs .+ tie leas auscLpt ible to rotl, oni ,i c•tkies: with verticoi
osci[lolatio than htoritintal carti'.ittlon (Kai, et: ai, 1990), I'Lfileeti llimo1ta VxpioSiU!a io
Lrequencites between 0,25 and 2,0 Hz with a di placeilsts of 40 Isis reslilted isr . t.l]e or lilO
vusiitl'ig at 0.25, 0.' and 2 Its, but signi.flcarn: problems with I iii veALtcaJ ost:ct atkline,
Nevertheless, the overall effect was less then with 5 Ininutu exp-,sras to slhtnl tat
magnitudes of horizonital oeachilatboln (see flect In '1.2).

3.2 HUxizontal osillatiaon
Anty suostantLlal studles of tihe extont t.o which horlztrectal oi:i 1st]ot 01 huotans caulesj

siotiJon sirkness have yet to be publi abed. It has bueeni report ,d LIla' the house musk ihrew
(Seceun niULinuie) caii be made to vomit by 5 inorlnte exposures to horlzmnitaL onic]•[atbit of
25 stm dinpleceinent at 0,5, 1.0, 2,0 and 3,0 111 Ueno eat. ad, (988) , About 20% of aitim'.L.-
voultetd at 0,5 Oz while 65% to 80% vomited at tie three higher Wirtqhenc a, i 1i (Is
uacnllaui~t, a sliliilar purcentage vomited when tl-, asuIcLatlion :spiaceomentt was reduced iU
10 mm but aii an iials vomited when the dispiacuniemti was increased to 40 ma, tt hfert waq a ''t
habituat Ion to motieon with rapeeced exposures anId nsome dretgs aerm found to teduce s.otLi,,
snicknessn in thin anmlaels, Other :itud les showed that with a displacemnent of 40 sin ind a
trequenrcy of I tIw, the house tasPn shrew was cmittilarly aiffcted by fot.et'luld-aft mciliet,
lateral motion and a circular motion (formed from the stirtusation of the otller mtatlons with
a 90 degree phase shift:) . The anliel was more susceptlb.pc to horizontal esmclitit lon thas
VerfI- I l o :)JItaLtnto (KiJi ef al, 1990).

. x ,.- ,
n!J., 4.tQ', 4't
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3.3 Standards for evaluating translational oscillation
ALI cururent etandair tie ory ovoluatin i no ot ton with r'sorrcet:l 10 tit tr ICKlIOCli -31

restiricted to the asasesseer. of von-t jol Ott i.l Iat ion occujr r'tri in ,ur zi-ox is of thte bodly
(e.All fihe rientr-to-hend Or' foot -t' c-hood ixtIs) .i rinco i:r ttislttiiioncral tnr*d ii it Itor in cubt~l

axes, Cooit tetrouo rotot tori (wl tii or without- head iw -veownta,) , oosrlar. Irhe Vi trodt 3 'rle
etc. cart cause motiror si,'knosq It. ehOlol 1tot he arterimed hovt the uric o(f heieo oten~lairde isý
a sufficient mieants Cit prellii rI Iq rtimluso ritkotes rIna ti cuivirorrrnttcrte. 11t iAs trit. ele-ar,
wh ith environmeants can be aerir'asu0 a tr these ci artdtrds but they oire main]ly applied to
boeto arid ships.

3.3.1 McCauley et al studies
From the results of laboratory studltee of rmotionr sicknaerri causeed by vai -11r20A1a

ocillation, a series of formulae tot predlicting notion sickness incidence ISf) wtore
propolieo by 0' llanion and McCauley (19'74), MrcCauloty anti Kenneidy (19316) irA, I'rutautny Lt. al
(1076) . The method applies to motion Io tire frequeinoy range 0,08 to 0,63 H7 il. tt mraximrum
erie .1-ivi ty to accoieratfon at ahoot: 0. 16 11-c. The a'issrepf on t'hut MflI wi . very .41 h

acceleration and with tirme In ogivat tors (i.e-. a curiulativer toriral diet rtbthiosrn( resul ted
Ain bomiwhhar complex mathemratical. operations. [lot' cin qit .. ktwior itroidence (MINS 1 cxprearaod
ais a pretgIs assiumed to bu the product of a terrr ir.pieleot~i eg thcr I rfltrner of
riotiton ilagrtitrrde arrd frequency, P,, endl a to 'itt expresaing thbe ofet et of, mtotion duirailon,

M"1 1 170 P1 PT,

'The tarts 1P. in caicuici 'sd ftoer a ~erilt, ztm qoanti tyi ng the etffect ct mflqsitudo and t reCqrilncy
arid a toerm dericribieg tliii fotrm of a c~uxulattyc liormati d;.et ribt. torthltl Lin pracLi-ju tsites. sta~y
he obt aiErred froum statijr.toutl teibA ccl ,The 'iffort, of: magnItude arrd ft cifuoticy wan doterm ifnod
I'' rm a aurse doenrileting 1.[th accrr (rita: i er retquiu toOI C producei ioreltmg atit. viarlAottl
tttt(ciCOlerti Itt 571% of porsotrin do r iny iwo (torir expwirilresl

L-2.1,3 og,,rl12 i~il 5.81 (iog,,f'l. ii

Whero 1 ire fHie r *nire a1cocierstion in q/ f is the treqoency En Hy.. Tho tiorit Iii isj
ouetite ueif urt to give a? voiceo tot ;fr

Where 1: 1.8 the eopowsit c titele in 111.1frtotee

Valuna cit Ph arid 11r Itt out) ')t. 1 frie byI
coiief iin taboi cir. of ir rnormttel. dovi.t'o v, coeleroflson (m.9' tm. e.

-it the valirrin if '.,~ end e re.spect fcc ty.1,- 10 '
rl illi~p In, aN. Ii.b a 61) isnr *. 71. xporiti re to &I -
ac-Irrydoo: toe 'atf 2,) Irisl I rrifIo. 0.21 q

r*,t.,verticlc s1winraindejI rmotions at. 12
]I;?, z., - 0.19 aInds. 1 J'( tnlro i', "- 0.5't, arid
P:. -- 0.81 Yiv irq i (It ''ti tied IttI' Intill lltk e'r-
I rtr'dc'nc" cit 46%,

3,3.2 International Sitandarid 2621 Wart. 3 10 - miln----
(I1.35)

Prý, I 'I I, I n rt itatd ru ct :1l a itt
Itt.q t. Itt I ' I"tit-' , F o 11 ellrA. ( trI , i ý l ia it t I t11 1 I ie( 2 housl 8 --

17,1l' I),,A t t, ý . I l6 ] oIiV. 'CI I r t 1,1 t -' 1
11)1T I w I dert lit Ll If tal, i.tiitt fin : It. I 10.7 ot

ote nidinrq t It. Vttliit tllet oielt 10.l titii t; " Ii rrtti, 8 hotira * -
t-11t.10 NOcuY, ail 8 11 ex)'orutr'. '1'tte
staqrt.tllonlci ettd drrr'ei uns are Ln art Anvriet.i.3n
eiquine t:l jult ir'. rit (p eci flt'' It A i tttitjtt It tiilr't
tot 2 tutoirs ire double t:. 'ci o frii st0 ci. 0.1
''ll, - trtsct'u Iutulids. I i t :,II t r~~ Ei- If 10,V"1tttt I , opl In 0.01 0.11
'11 tIn lln lttt ji ;`S h, i It Andit 8 lu ýio'ttr : art sown All
l."i' 3lire rt * 'bertIt . it~y Io tjl!InAkiiri ti1 lti Frequenny (Hz)
q.'cafieet. trot ,li 010t 0.315 IN', [irist I at F~igure 8 Maqrit odes vit ye t]I cal 'iz-a xisItii'titrn t.fr nquertu L es Fio t.hat1. avccete I irt (tilt n ec i -'I tadtiort eXPrcted 1_t centrMc 10% Anirrotienc
rnay lit ut.itt aceqe fred it' pr odiwi le aInk e cart at vm~n neparo f3 iue,ý81,6 Ic7 are 31.15 t ienet gonteir thinir t~hose Nofl cumn ii tei~ ltcs~tiOau r6 hof 11 s lutes, 2i
I i'tl~niro' 1.0 produce nrlrckr'css at. 0. 31Slr [.Incld tlo nttrs artd, tar .it.Ively, rd 2bi Piaiortl riat loweo re enl', The rcontente cit this (toiter nat i 0Ia I Organize I:ionl for
11 oti r 01.d wesI e fi refs publ i. s hed usn Adde ndust 2 it flo tl I i a Ll. nt, I1)115

toU.K 2631 in 1982.
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Figure 0 F~requencoy weighttlog W, tis &tFLned rigure 10 Voo..cani. z-uraitn oonci llt1aiAm
iii British stai'datd 6(11 (19611. (Graph expect'ed t.o callse 1 0%, 2C% Prod 410%
nhow,. 138.1qritý .1Line as uryrrIp t f) I ( Ircideolci of voinit:n dulyritn. o 2 h oxpoaurcIon
approxinat.Jtmi.ý' I- t 1hao I I ucaI.at. r~id a cora rd i riq to 13tr it I1s St~andarrd 634 1.
v!,*i I 13301.1e wet ghtriny dio r Ieti ky Itle incidetnce will doubt e !L' manlrit ode fi
HLAl ld ir'f Foi: 31.338 1i1 Iti3113 prta31101ti,3rin). double at81 nxpo X~30no dura tri.ron is Lnriealrl',

hy a Earitor of' four.

3.3.3 Br~itish Standard 6841. (1987)
Britlish Gtanct...d 6041 (198'1) duresici a 'lotin.o toi ocknoerr dcls value', MI3DV, Latr".t no3

a frnequmno1(.y we .itI133 (ie. 0.I f3iltur)'i 83d a t:1l 3111iopLdrrdInu . "to f301'.~ requency
wtalghtit q, WIT, can fie lroprrln.initd by im a13ymIplot 1 approxirrintlco haiv ing all afttenuat )If
whiroh y r lem with frequency At I6, 0, and -IP.:'it per ou Lavo , Table 13 1.1 ~at Lh at L rLoiuat iriii,
of tihir;asnymptotic approx~imationr an3d Ilytrre 9 coilparae ttii malymptot;,Lo -ird reur.Itirirlpe
frequency we (ghtriqnc, "' hi ertalidard fully clofilo 3313 he con3311 lable wel gtI rtg tot-
Imp Ioveiot a tic n by a ourlogtio o3: fiqt.ia.i tI.ern~, T'he qreatntoiit 3303,1 ot 1vity to accolllritt (un
.1,3 ], then rangeqi 0,1P5 tou 0.25 It., WWIh a rapid todircit.orn .0in ll~ Icmt iv ty at. higher
frequonulos 08 he 13gX108LtrC do rittion, t roeocridul, andt thr3 [1 rcqU(Jay wcniifjit rid ( 11J
1300korot ion, a,,,, iWrco' 1.333., many ho3 iised to :omrputo 0h m.33rot. lon sickreonr d11311 vaurnho

The1. iare tertage of uondapt-odal uroita wh~o haty vomit i.e ItIhen gi von byt

ill10C~t :~.la ( 111 Who may1 vol 11ii -, 1/, 3.1S)V,
lti:1 relation La1 blindc on uxpo'itrro.nr Lar11t1111 Li~ aO r ihoit 2t0 i.Ein to abon-. 6; 11 with .r
pruiveloerre of: vomit~ing Lip to '10%. * Iiqtro 10. 8ho)wr tile preddmnrod maj~ tpituoll of vert ii:,
osncil lation iequrirind for 101,3 20'(. rind 403% ul pIr1troolu Ic, voitilt 3witIn:13 2 htiolrv,

w I i3 t~re mot1. 03 ar n,1:ktlearr Ii n:!I 1c'rrnce (MS I ) Irvfttlýd mllI.3i3 t Jnod L.3 Ie.t1 t ori .1:1. 1 . 1It wom1 ii,.wr
thllt IthElO 1qolririnv WE. ght: 11111!1 WeIn e13 :f3 11itI11,I1n' that L.3ho dnmll'on,13,10o3 111l 831 1 1 ml 'I, I If,,
I1t1i13111 t nlrde arid duta Ira r L im mo1l,[t 1133 WOI :3 f

trI tarI. tfo, vIlugli dll 1111t. k~ip,I Ibollrt III3 .13 ' .11 1. and1
to ill '11 ini lip3 t I , > 1 .?r llt 63 1,31131

I 13"15 ']if,) fil tvr cga.if of friujuefiCV "y w lytl. 111 Wg Useigd ffor 1aM : rrri. Ig ly V k I a
0003' t.331tlii wltlhtmutr 1331110 3,1 ilt.o n31lickrio.4ml am1 dcivfird iry lfl: itt I sr1-inidardt 8,913
11967)1 ( Values shrowni A111 103 Life afllyrllptot Ic .134300w mat:1113tiit o3 Vimnivi 3.3311

Wriu~lny, lIN, 0. 100 1 T0 0.3 Oh7O 1.3 0 o7-(, 3711 0.0 )i.

1.10111~i001 0,813 1,1 1.100 10,00:0 E1.0113 "T 11. 7 131 O

4. OSCILLATION ON SWINGS

Vetr Iniousi I vl3Vs tlIgat31 I o 3llV'13- dlli~ldid that %.he rmlons.i ofl 31 :wi.r-n may 13e a 11031V313leilt
13183111iii of elerattn moug r 1111.01 0103083. 'iwo princi pal calt(310 3133 of aw.t ig have beer,1 urredi 3I)
liroie secunred 10 1 Lirt. tire pLatort 313 sIPPU;.. t 337- 1 ht. hbonY 0Wligri5 F,3 a !3[110 ltjpenlLI 133311133 3d
(ccL1.-108 cIritdOL the a311'lo of: tile aptil ted fotcea (e.g. 2 pole 13winrg.) and (il) parallel
r9wilign whlich are Locoed at eIthei 'v331 so thrat they rei31313 trot .izoita 1 131 rigy swinrging (e .g.
I pole swinqu)r . Pflgure 11 ill untrateir typical 2-poLI' and 4-pole Swinge. T'ito motions0r
roxpenricineod by obeiervere on the awitil are different-min 3 the two 0338831 ant] 318.31103 i.31dr1.r1a unidi rectional trarrslational accelerat. Ion. For d simple swling of rauluir v, the u1iting
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WhereI q i~s rho1c ac'!eturctrniiim duo to Irciv 1Ay (9,t01 iris

0n5 I iWopoi I.cnw i rig It: eei19 heassiumed that: thu e irtijoIi I: I I.s WIfith rho plIatfort:il
a~lt-hough tti.b may rlat. be trueC ioi~ thu bueId Ullii ns it. In r.Lurttaiiiod by at hedesThe
subject iii oxposrrd to rotcit-ionat. ilcctolratiitii at thu awrirrg frequency iii add] 1'ioh to
trarenlat(ioria I accelortrrIioe. In tho abifrinrire of niochlanlcal IMirpor fecrcons, Like icoiuoratLort1
pairallel i~o the plat-foiii (bilt Lho x- or y-axisi of a seared ioubiect.) i~s zurir since thr.
a''ceteraiftiot Inl thii li roctAIon fni oqtit antd ottio:'tito to -be, acteul orat ton comp . onet, duo to
grav it y atis Inrg rout the t i trigq or' I.ic ho 2).13.toti. 'The iic~o I rti: [Lott pcr(iorpclcuat: to iii'
plat-formIin (i-ti 'so-axsi ,I' a seated stihbjettt isl pri'(mat .1 y 'huto to theO 'iltih a iolortti
Ii it.aIweays aIcts 1ii thIl post Itivo dii oc t t.oe (keofti og 1'11' rillI P ten onlI the ;ist fois iid
osctiatos ait tltice tile froquorrc:y of ttiutt witig.

or, a tooi:-pois liwirg rio pist forts
urea Itilf ho ci .:oei ~at arnd i~t. iulmi ho tsuriulm)I
1:haft L h (in 1 subject neitia J.e1n . in t Iil o faute
orioiittiti-oit t-rotighortilt? 1'iOar of swingi flf
(alt bough Inl (2 ot. .ica h hia say riot be t.hot

case wi tiiout hued restraliiiti . 'Thorn Is
I:tierefo re n0 tcttatloriiit E.'ce Lerat-Im tr, Ill
thre (tori sorith at direct ion (i . e. pa raYlotl to
ti-'I' lit [fnitS and tin the x- or: y-axis of ai
seat~ed iiutjuct:I ther is IIs)L0 itgiriloant(14r
acornI erat iloc witIicii iis floei-s InuitEoli al I, 'file Two pole swing Four polesew~ng
v (If i ca I tio~thon I s a .1 s3orioa:i s3dcI

Figure 11 t)i ags.aiiiat Ic 1.1 jlao ire o of 2-
(inpol is oi Snirino ctudivi' dou riot polo sod 4-pcl to w irngni

clearly describe tho f.ormn ct wng u n sod
anld it1.:il cV irti a] ways rie co r.rect. tcc
cairnulattthe so 11t ions expel i oriccic by siiibjoi.-t if btiect On ic c1t: egOAjr i tlatitort 0rid 1.t11'mniti11t bit
p ttciijlt.ud holow,

Ilttid icim Ill rawilog t Irao Wuren coiidt IcuýI t c fori two Ilisa 01 pi t:pottt'C. ifI to cfi 5055is it h
u fuct ivuensa or- drugs or ilovitto a (:oocitdurir ttct: oi lt.it tiit.1tj lstiveupt U.:( poritStiS wititti hn Iig
IXoCl cood tet till I Itay aurv~i 'to A la-zw situdio (iS v (tmeoiigitt Ito det~oltiltito t.h 11 utbeof t.1tie
IA/fin lit) I d "ct I r ot t ot f ittor cit. oli iiiotu iott nl oh totoiti

4.1 Two pa1e swings

JaW11. awin 0Iot bItj .IuijrUoctti Ih'stbtigwey Ii9'I, b1946)1 Iticotctaijated riot.ios sicknrots In stir. INttt
ri)upti of .x 1s ortij jitd a ootil: rot group dorn rg 20 rtt itlev nxottflittI'i Ill the ,!olit rol group
'Y0. oectttmt ItI I arid 24 ., o t titone votti teId. Amongq uirie g toutpl oft a]ic low known t.o hit,

tqit Forliri ft ol mot tort sic-kness Otrero woet o9 'iit) ttf 1 LI1 wit tt 3117. It, 6511 oi tit'25u voirliti I
I .-'r t(mc 201 titr~itti en. T'he r1/ !hitimi cIi en in tit crow riot. r~ultilltn I ric frtom riot101t,101t1 ~

lWow cit i i ott- It itor. I wt'I Wictlit It11. t" t P.0 V '11ch1in l ( - tiit Is', In it It hir, no ic

wi ittd vi raiitr !11111r i( .29 iotrtt iqiciteg,1 a I rtytec oaoti"'ui',J C,2.-il') ('It "id lo swiltil ac:A 11t ý .i~u

wit.il l tb - lttit t wt-p iee ,[) Lioln t It W1-1r1 u a "t 1irth I~ - 1 i t n'j cttp i'ri cit 1 Ii 'It 1)'1 cillc' r u' .0t :1
wil t II ib Stlm '.~tte fltilt t.110 11 tttý Itici ii t ite : tit out httill-1~ y o14f nvit . p t iloti ilie lyl'sy (ctr'tI c~)l d id

tatt yptIll I m'tyI~ ciikoimno ~tti r vi-taiod Ii ,i -t Il by ie'1'iltn'in: d"Inton Ill Pvt),IT~
Il, t'I -111- wt i I V i ov10 I,- Itc 'it Iw , . ltrV' ti os i i inaI tls mt i' ft'iIot i

t't il ITVO Itq ot:tiii. I ci hr lii I~i t icpt m I: le mini lt I, i~i -. dinrwi, oit w~ I I e -iinw y I wI WIi itlm q'i I ,(i k i tI
.1tw an~ 110 it' d - idetit t o I tittlitittiiai( .1y,1-uT~ttit o1h 'Liti1 rt aip l 4lest: t r itet sll W al 1 111iti' t 'i I

wc itt . 'ci cwi hirt 'ill bi t fto rk I eidii t ott ':tI' c o ii r it yli itet o: a't~ im i rit r ilriti t't( ul nwt 7 t it itt
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vertical semicircular canals".' They recommended the supine pozilIon, or any other: position
in which the 'vertical canals' are horizontal, for the transportation of air-borne troops,

Uting a iwo-pole swing, Fraser and Mannitng (1950) systematically Investigated the
effect of swing radius and swing angle on motion sickness in seated men during 30 minute
exposures. With a 90 degree angle of oscillatlon, increasing the swing radius fros 1.8
metres (giving a swing frequency of about 0.37 1-1) to 3 metros (a swing frequency of about
0.28 I-z) increased the number of men with signs and symptoms of sickness from 4% to 501,
A turther increase in the swing radius to 4,9 metres (-0.25 HI) increased the sol:oness rate
slightly further to 58%. With a 3 metro radius (a swing frequency of 0.28 Ftz), inct(easirtg
(he tugle of swing from 50 to 90 degrees Increased the incidence of sickness from 22% to
50% while increasing the swing angle further to 130 degrees only produced sickness in 46%,
'Tlhe authors give some consideration to the accelerationts received by subjects ont the swing
arid conclude that rotational acceleration was not Important since sickness increased when
rotational acceleration decreased as the radius of the swing was increased. 'They conclude
that the 'tangential' component of acceleration rather than the vertical acceoleration may
he necessary for Siokness, or that at least two forms of motion ire necteesary for sickness.
Using a simlple owing with a radius of 4,6 mLetres swinging through 70 degrees at a frequency
of 0.26 tiz, Nitnson at al (1951) found that the greatest incidence of sIckness occurred
aemong subjects making the greatest head movements.

Other studies have been conducted ont swings of various types. For example, Babkin et
ad. (1946) produced mnotion sickness in dogs using a swing with a radius of 2,4 metres whilh
swung through about "70 digrees at 0.33 Hz. This was reported to produce definite signs of
morion sickness in about 609. of dogs tested; the use of a shorter swing radius produced a
lower -Incidence of sickness, Babklin and Bornstion (1943) had earlier found that bilateral
iabyrtnthoctomy abolished symptomls of sui.kness in) two dogs previously susceptible to owing
sickness, Johnson (1951) reports that fIve dogs who all vomited on a swing within 30
miniut ites did not totl t when their heads were fixed, Chitan arid Plotrlk off (t953) fourtd nittht
using it owing with o radius of 4,3 metres (a swing frequency of about 0.25 Hz) with a voing
crc of 120 degrees, 60% of dogs vomited within 30 mittutes artd 25% off men vomited in 20
trltlttte, Some drugs were able to reduce the Incidence of vomiting. Wang and Chinn (1954)
tietd the sanmte metionr and showed ,a conniddorabi.o reduction itn vostIlting among doqs aftr the
auctrgical removal of r:heir 'cheittoceptl.ve emetic trirgger zott'

Money and pIrlOdborg (1964) produced votoiLing .In rentrained dogs atanoing on a two-polo
swing of radius 4,1 metres swinging through a '10 degree arc at 0.25 Hz. Of 57 dlogs tested,
17 vosnited w th.ln 25 intadtLtes In thelr initial teat and 16 of these vontiLed within 25
minttes during three subsequent ftists. Surgical procedures to itlactLivate the semi-circular
cotials while ieavring the otol.itha inlact, greatly reduced tho ausceptlibility of tlhe dogs
to motion sickniess on tile awing Later investigations with dogs involved surgtccl removal
of the astipullao, toe utr~nl.a atd the tsacculo (Money and Chioong, 1983) . The same two-polo
ewilht tost restllted J1n seven out of ,nltght. dogs vomiting within 25 rIti.nLtes '•ot four separate
occaslons prior to the operation. Following surgery none of the dogs vomited during the
swinIg test , Th-o ellsetic respon1se to sontie drugs was also greatly dirllnished by the surgical
retnoval of tie vestibular system,

Usllug a two.pole swing w(th a radius oLi 3.7 met-res osc. ilst-Ing through art arc of 90
degeroon, Uramptolr and Dauntoni (1983) produced motion sickness in cats within a clear
plastic bno, Mean duratiotts before retochildg or vomltting are givain as approximately 16
vi nutes. toti.)auon et ad (1984) reprirt experitments in cats exposed to various motiont s
Ircliuding those generated by a iwo-pole swing with a radius of 1.8 metres swinging out

itltlt 60 dog re rs with a ftrequettcy of 0,317 Ilz arid a vert0ical. displacement of 0.9 met •r.
TIlli awlttg wan placttd witl.tii a stat. iitit y il.uttinatred bto so that. during switugi rig there was
traib) itcti vi.sual and vestibilat riciieu1lat ion, St itiulati.on by vitisal movemSent only was
procvidod by swlinging the box (0.25 li.z, 6Ii degreres) over thr stati)onsry animal.s, With tLie
ceintbioil visual and vest lbttl.ar dtillilal. ion, 25% Of cats vomlited whereas only 10% vomiterl
w I t I t Io ulit ll Ell imultit. Iott al nir, (:oi lechl iont ll) ,

It1 i-;.ttuniat Iotu with the trall].,.ttiotial studites reported Inl Sectioni 3 It catn be shown
I Itll t hIoI ablovi swong atdn cil as with tie•+t. eotad peatriont htvey prodruced a groa tot hienidence of

itt- lI I -kiesr titan would be predicted frosm the it-axis accolerat ion ( i e. rad al
ict:uh ilttat iont prodtiod by a combiltation of centripetal ar:celeratlon and a jrt-avittiiioal

.."111p,1I'lt ) . (,'wo--pole iwirign produce Z--cais accei-.ratloni of seatned sub.(ect-s at twice the
owing freqetincy so, for this axis, the frequencies quoted in the text above should be
diolltltr.) - I'liT Weal yan Univer•sty satudles and the Humiunt Factor Research Incr studies

ti'uw,,-hl (l nlotkieel- • tic.ildence decreased with incrueaslng frequency. In order Lo obtatn
Ii:kI, nu (t lc idenlce of 50% within 30 minutes, the z-axis accelcrar.1Ion would need to be

-jr'-aii, than that Occtirring in the above studies. This could be achieved with larger
,inlot!t -tf ewieq arid lower trequeno las of swiag - both difficult to achieve, F'or exasple,
th i mtitt, t Hirknoss done value procedure indicates that a freqguency-weighted acce Lerattlon",I t.1 Iti tt I . wtritt would bhe requtired ill older to achilevei 50% vosi.t i t n i 30 minutes, Thl I a

WtiUld t -gulrc ,k clitgery. tiwlng than has been used in the sttdlest a taditis of 15,9 in.tets
(ow Ltrigig at. 0. 1-25 l, so an Lo give a z-axis accelerat ion at 0,25 Hz) wlt.h an angle of
nw iq tt ot ...ulti 145 deglrees would be needed, It Saeetis ressona'Io e.o conclude that A-axis"! - lat II)iti! "tI itt'W l'atLion are not alone the cause of wickutesa on twu-pole swIngs,

Ftl ,it •'tnll rcmii- ralintd to a two-pole swing, the only other motion is the rt at .ioeal
Ici lat I oi, ThItoe Itttli t.udes ot toll (or pitch) oscillation used in the swing t-tudles are

larger t tan t hote lound toc produce onLy minor motion sickness in the McCauley et al (1976)

. . = = = . . . . . . . . . . . . .
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seesaw was not affected by tlieo annA io of oil no -,IItt.tition of op tc 25 de rnotellt (It Wall
assumoed t:hat th11 ve r.t ica I notiAon, notr Lire p.It ch not i on, in fItire seesaw act.s toapofrir Lb e foir
itI kna'iserr - pcassAb)ty booauair' thle gJrrolq- I i CsaItni I and i-i1 cit nretr orntiIII it- rItild st. lid ion' ft .I
,1 leval o r Cont fi rtnoed that Icart ICal toot.leo -1 coocrn'n mot. loft El0 cklor'Ia) I t- therefore rcttrrontl~y

inomsns it u nce rtroin oh ich characterlstlcs of rhe not. loon (on toe-polo awno I nqn ar p rfitnril15
reffotfoslble for clcknnrcto Icee. tiect ort 4.2 tel owl

4.2 Parallel swings
A serlas of stunle IOn f dregs foot prevetitiig rootloot scki ekss Iin dogti and tarl want

rtottdvccid on n porrn lid awing orf rtoniltro 4,4 ttet trt qjivlg nj n fterqueoncy of- uros-liatlor titf the
ltorc--arrd-'tt axis of t 0.25 Ic. (Nabohi, 1945,a, 19451,,, 1946, 1 fi48j . The heodoi t of le mnot troro~
1). ,tlnotroof abhtvo thne ntw Iitt t rs.cirdr rductst and tree well-! tirade s ick b o1tgie
L-itt nrtgt 90 deniroet angiles bctwionet 55% and 60% of 369 mori vomtited Lnth i n'soofrae of 30 mnrlttte
axpntitron Leo thin motiont *It Wart totted that, looser dtfgtoi OF noing oere sufficient to
Cautin' VomtnintgIt amtotrg c-ite. trtrn0 tircjt ie1 doayt rind tree. Mt titht tft (of t on tinrtncop~tb ti menrit
voini ted l'notn the olctoer two wtetre very' taisoat'di wobo exposed to 30 degyree swivns Willt art
ice rage ti[ntr to n'omitirng of 14,5 tot ~t;to comiptared toI M e 1.5ttilttnt wI ith tjte 90 dt-tor'e. ff0Illtr

Johitsric cad TIay lor I1961) fom~parteri tire a to1nos yottnjto rat ad by 2-pete an cr '-p0 e row If s
- bethl howlitg a rad~irir Of- 4.*6 01t (to the heads of atrh-joots( , ore rtno (laoti(ot frnreq teny of
0.2 211ti. anid a 50110 arc of "to deqrncea, Usintg 9300 yotttnra 11Ic, crubjocts flacl on tito HIic tort Iorot. twitirf (no as too Produte) intlootirrn the foro-and-afl axfis anti LIP to Ilix ntilittifittt of nrltn tori
I. bony invotlriatad tire differences between the colenga, fire, effe~tcts tof H.81.110 the itoiani rittd
the effect% of cloning the eyesa. NItP grer rotti percottaoge nrt sickness :,ytsptointtatO 'no stlth
Oleo inootri fto and tito oyesrt oe (itcalI35% feli 111 off tite 2-pocrI aotffn and 207. fult it1 1. nil lteh
4-polo tswlng) . Resrtric~t inn the Itead, opeit. not rho ey-on, or nottlt racicoci ict ong Htio h.,-:d anir
tipetting thle yerretsulted fit a ~omaI nierab~ inp-erntjiseto Litti ntkttass tint I nioco lor hot.),o rot ttqo
'['h c ut hor to or. t Atdad thai t: nkto-o oft weao cat nor niy iv '' ,'totngt tO- CIIý. 1 a to J rt lft toS t f ft; to otntl
tftft'ffftrt nod trlon'efitetf of firo hiotid'" VToe Loiater i CII tn ff'oct ott. viýIiof (tor 00 at I. r lbrilrod to'-
ttttlreitm brolnff abltf to usico riqlit to ttsslsi Itt LI-o itairttanatton oI ri rotnorirfy head. Theo
Octcurreonce of tip to '1% siokirntaof wt- rho heatd fixedo warte t rlibtrori to Iertniop Inite
Ittnoobiiisnatlon of the head.

4.3 Other devicess
A floorrist whee~l olvirte bat' benor urrnod t.0 ptloroko! itt0triOtt f tc-kitntt Itt tcclri iflnfotmtolof atit'i

llotto , 1985; Peaox adt intl' 911 fi1f00t andt trlffiptcoit, I 961,I( .tnttn rt al tfi Cranilptoti aitti
Ur10tet, 19911 , (lal-ri Wore P3ini aen Nr Or ci oar -runes ohich'l hnrnq l-tt 0 eifithe efld of 1Faic
olttin0 rotatved about. a ot i icoitical I xi iijttfsi tarotjq' t ViI-frl 'Vitoe tjo.j.ijr ftlir aIQ1tto owoti t o o)ff
r0LtAOtti to thi-t pci ff1 of tfupartt(iI[ott Of taclt Ito)X Wait (1,445 lto. CrOftI ttttttftN Irtll n1t 01 f tiff-'
froirte caurnoti iteo otticpneitailot of. nCttf ibox to0 rttev'o itt a vont'o -Itntn'ko] i' W It f1t ho t
ft aoi y aitapetildnt, t Iny hilt itono -nitnfd to noitig outwtao rds ttndtr rhtn tort: (Ift of: canitf r pi ft-l

a ctt ort icen-a thtey afire rlinn t"Ind neat'.0 tded.-'' Thne tll km tor0xoi-o tolloot rc by t hur~ oci IsWat inn
storedly voct1 a utttuttoldal. c00cA 1-61ti1t11. Unitnt-I (ltit-t [tttt I .1tf tt to.wo-olri 0.10 ll l111/ 1 0.tn I Stt lint
all. md Itoful.i cautned vibone i~ontkrer btit 0.*28i IN (l0 rpln rrti~ totfutot fIt-l cit, i Iar lost- tttt o rt. lsA ofI I ottI)l
otivttrn'rot onid Iit appoiarod tchat. 401.tn ofn: .!, t . oulIr votrll t 01 ithlt 301t ml 1tritror wittoir om'xorortr lI
1:itI.a ft 0ron ent'fc-y

5, ROTATION ABOUT A VERTICAL AXIS

5,1 Constant speed rotation
trornin g is (i19014) dofiotrlioeot ftoitrr 0t trt tf Ill whit h It-i i' Waso tint 1' I 'it ft to lf':IryultttIot toot f

Itt, Itim tot lit Wirinoto ' If "ot Witihl t ioot t f 'o-ffr' fftrrrt ito ttft'f ltI t 'tO'-i
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r oe e r irt' Itr l ifotftt ti) to .po I. iri ft i 1tt'o.'11 n ft oti tt tt totit t it ffno ftl ~ If'l Itrr I .'w t ort -:Ir &'' :'l ItO'lli
lyIt ll~ritp0tt 'Itlotr of Ilo tit i-fito oil(rift .o it'ti w '' lttr l l Wit' i ttrrf'rj I ro lt lot f lol ''dl royffot 'ottt

l'If, tjn-'tc of . I" 11 41 1.) 10 'notitr I Itl rro t lr-t 1 l'I ,:ittt o dtt waft, mitt. , otetttrr ir rfftr I fof 0 'tor roforti tttt itt

tnt 0 fflf t ot .1 otti ff l lt'mott nidV-oI tc,tl mot f-i t t wttt ttt d 1qtot jI bi ilf ottott e tyt Iot-ttftrto of rit'''
Lo )0Ivia T rttontci- ify d oit~tt 0tyrtttttrtt fin-tot-'ir thi l't .torlo siotc-tot 1 irco ~l d -- tt t't (f i - it(' toI ' f t 1irtrr' 1

tr I fiff oV.1o a I (19114 17oto'o-rroMeriti f itt fll ttn:1l ritlot t fct rtf itoit ro1 tl'tt ,1r1et[ot i i ojt I f In to ori 'o
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conditions. Nith 10 rpm rotation of the visual surround around stationary animals, 82%
became r ck within 30 minutes. About 77% became sick when only the animals w,:re rotated,
95% were sick when both the animals and the visual surround were rotated together and 45%
became sick when the animals were rotated in the dark, With c, higher rate of rotation (25
rpm) the sicknoss rater: increased for all three conditions involvi n'y motion ofT the animals
but decreased for the condition Involving only movemeant of the vinual field. The animals
were free to move within a small cage during the motions.

The effects of various restraint conlditions 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 laborstory all of the monkeys exhibited motion sickness within 120
finutes when they were allowed to move. When the torso was fixed, sicknens full to about
50%, and with both torso and head restrained the sickness fell a little more. With torso
and head fixed and a blindfold, no animal exhibited signs of motion sickness.

furing continuous conotant velocity rotation about a vettleal axis, the sensation of
rotation diminishes and nystagmue does not persist after the onset period, On cessation
of rotation there is a sensation of counter-rotation and nom- horizontal nystagmus, Motion
sickness induced by the above exposures to constanip jpeed rotation about the vertical axis
may have been caused by the apparent movement of the visual scene (see Section 10),
movements of the head (see Section 8) or the acceleration and deceleration before and after
the period of constant velocity (see Section 5.2).

5.2 Rotational acceleration
Severe, or sudden, rotational acceleration about a vertical axis can produce moi.on

ricknesa, A test for pilot susceptibility to airsickness developed in 1922 tic 14l4 has
been reported by a former Director of Medical Resrearch for the hcy~i Air Porce (Pluck,
1931), With ayes open, subjects were spun onc a rotatcinq chair through 10 rotations in 20
seconds 30 rpm) . This exposure, which is reported to have been capablo of causing
vertigo, nausea and vomiting, involves acceleration and deceleration in additi-on to the
period at constant speed rotation.

Lackner anrl Gravbiel (1979) describe i 'sudden-stop vest.ibulat-visual in.eraction
test' in which subjects are accelerated at 20 dog s" to, 300 deg a" (50 rpm), maintained ml
this velocity for 30 seconds and then brought to a stop in 1,5 seconds, The procedure was
Lhe:' ,speated until a motion sickness end point was reached or 50 stops had been completed,
'or 10 subjrrcts rbceivJng their first exposures with eyes open during the test, an average
of about 14 stops wns required before slight nausea occurred. With eyes closed an average
of 38 stops was required, A similar test with aubjects viewing within a stationary stripen
drum was used by Graybiel and Lackner (1980) . 1u has been found that susceptibility to
sickness with this test increases if the gravlto-inertial force level is decreased to zero
G or incruaasd to 2 G (Lackner and Graybiel, 1983).

McCabe and Gillingham (1964) placed cats within a mould, so as to restrict movement,
and subjected them to rotation about a vertical axis followed by high rates of deceleration
(up to 38 rtd s '; 2160 degrees &3't None ci the cats became sick with this stimulus but
clho-y were made sick by vertical oacilatlon (see Section 1,3 . J) . Yhis led the authors to
con 'lade that the otOlirths rather then the semicircular canals were responsible tor motiont
sickness.

Osseikopp and Odseskopp (1990() concluded that 20 minutt, periods of body rot ation on
, LUtnritble at ')0 rpm with 15 seu in os n rand I seconds off caised motion sickness In gucirica
pjigs. Corcoran et al il(10) c'mpared succept 1l]Ity to si(ckness o•f rhesusnc moikeys and
:cqi• irtel monkeys wlhen cc;pcsed tu corni irious rotation (45 mLnutes at 25 rpm) and when
,.,ijcrd to sudderi-stotp corat.ior (45 minutu s wiLth sudden stope every 30 :econdri). Nonec of

hc. rhesus monkeys hecame sic-k in eltor cocidlt Ion but a
1 

I of the squcirel monkrysl hijc:=rme
:[k1 in boI h corditirosa. (The squicri,1 ircrnkcy is in the same taxonomic ordor nit man cnd
lia; bec,i used is ci scrrouate for humans in scany exprimental studies.)

hu monot|io bscknens arising from rotation;, acceleration is greatly Influenced by the
eirual field (see Section 10) . Head movement may have also contributed to the reported
signs and symptoms in some of the above studies (see Section 8).

5,3 Co alem rotational motions
'Double rotation' has beer, used to study" some behavioral responses of rats which are

thought to be indicative of motion sickness (Morita et al, 1988 a, b), Rats are unable to
voidt arid so some other indication of sickness is required, The expostures to doableb
rotatiuon were qeneraLed by placing the rats on a small turntable 25 tei off the axis out
secord turntable. While the smaller tipper turntable rotated continuously at 80 spin the
lower turntable alternately accelerated to 25 rpm and then iecelerated to a stop tihe
responses of the rats suggcsted that this double rotation was more nauaeogeni, than -pin
rotation of the ripper turntable alone. Removal of the vestibular system appeared to
prevent the rats from experiinciiig sickness,

Another complex form of motion used to provoke sickness in animals has conrbineti
constant speed rotation abc jt the vertical axis with vertical oscillation (Ordy and
Bizzese, 1980), Using a sinusoidal 0.5 Hz vertical oscillation with an excursion of 152
mm (about 0.5 ms' rm.s.), squirrel monkeys were rotated at either 10, 25 or 50 rpm for 61
mientes, They had a clear view oi the labiratory and were able to make small movements
within their cage. The 25 rpca cinditi.on caurpd the greatest sickness: 89% vomiting at 25
rpm compe-ad with 21% at 10 rpra and 71% at 50 rpm. Covering the rage to eliminate visual
'cues reduced sickness and there was some evidence that., mn'a mr'keys suffered slightly more
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from sickness than females. A separate experiment indicaLed that ablation of the area
iostremn of squirrel monkeys ibnh bited their motion slokness response to this type of

t.)tion (Brlizzee et al, 1980).

6. OFF-WRTSCAL ROTAT ION

Rotation about an off-vertical axis produces a 'rotating linear acceleration vector'
from the force of gravity. Unlike constant speed rotation about a vertical axis, this
produces sensations of turning and nystagmus which perniatst throughout the rotation# but
little ot no post-rotation effects. Rotation about an off-"ertical axis can also be highly
nausuogenic. When rotation occurs shout a horizont axis, the term 'barbecue-spit
rotation' is soaetimes used. Jchnson (1,954) found tha hne use of this type of rotation
combined with head movements in the covoral or sagittal plane could produce sichknss in up
to 95% of persons within five minutes and that sickness could ue induced within 15 seconds
in some,

Pennor. and Bodin (1966) reported that rotation :,f subjects on a stretcher about a
horizontal axis 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 120 second periods of rotation about a
horizontal axis with rates of 10 and 3G rpm, Correia and Guedry (1966) report that twelve
of 20 subjecis were unable to complete the experimental sequence due to imotion oickna.a,

Graybiel ard Miller (1968) rotated normas subjects and some with labyrinthine defects
on a chair tilted by 10 or 20 degrees from the vertical, All but six of 66 normal subjectn
reached moderate malaise A (M t1A) (see Tables 2a and 2b) with a 10 degree tilt and a
sequence of rotations incrementally increased to 25 rpm over 65 minutes, More then half
reached this end point by 12.5 rpm over about 30 minutes. None of five subjects with
labyrinthine defectn developed symptoms of motion sickness. Graybiet and Miller t19)0)
report similar results and show that there was a high correlation between susceptibility
to sicknes& with this test and susceptibility to sickress as indicated by the Co.iolls
Sickness Susceptibility index, CSSI (see section 8..),

The effect of varying the rate of rotation (from 2,5 to 45 rpmn) about a 10 degree off-
vertical axis, and the effect of varying the angle of tilt (from 2,5 to 25 degrees) at a
rotation rate of 17,5 rpm was investigated ii a small number uf blindfolded subjects by
Miller and Graybiel (1913), There was little or no sickness with either a 2.5 or a 5
degree tilt and some subjects were insensitive at rotation rates above about 30 rpm.
Greatest susceptibility to motion sickness occurred in the range ]5 to 2C rpmr with all four
subjects reaching 'moderate malaise A' (tie, M IIA) within 15 minutes with A 10 degree
tilt. The authors note that this tange of frequencies is similar to that giving greatest
susceptibility to vertical oscillation, As the angle of ti.l increased from 2.5 degrees
to 25 degrees an increased susceptibility to sickniss was shown by reductions in the time
to reach M IIA,

Graybiel and tackner (1977) found that 60 eilnuteuj ot rotation about. all narth
horizontal axls at 30 rpm caosed sickness but that r,tating the body 10 degrees head-up or
10 degrees head-down did not differ from tGtation in The horizontal position,

Lentz and Guedry (1916) describe the "I'll riti-Aki it Rot,itlion Test' (TAkT) in whc•ch
blindfolded atandinit persons are rotatetd bnutitt Iheir z-axis whi ir, they (and the axis if
rotation) are tilted at various angles. Ii t lie inltiai trh.aL, a vertir-ti nob h ect wuts
accelerated at 25 dug.' to at tipoked If 60 dcl,-1  jt00 rpni) in the ci, cki1aqis. ii ruct tori.
After 90 s at cisltani velocity hit, ulh)eci was tec,'1ii•[iau tt atA p, at. 25 d.kqu, ", I' i ;
second trial the rotation was thu sanie exc-•pt, st. ion was it tLhe counteurctockwise i(itiect.tori.
In htie thi id ar,, rourth t11ials Ihi axhit wii W I t It-,ito 0 M { i'lreoo ittf-voi-t.[cal. in ih,11 flit 1i
cnnd sixth tlrial the device was acceilrratd lt a !') Og, ' tkI 102 tiqes ' (Vl trpm) . 'PIhnt( wast
art ' iit'arval oit n minates between tit a t uen d (iiiiuei ,y stateý that. it. wan riot. titcoitstttOll
f a , subj)ect-F to terminate ti hit ht l, pi {. itt o , i.',titi l a i i'

Leger em al 1:981) exposlet suijects to '0 is tuti peritts (i f 20 rpim with rnt ation Ibo,,ui-
a horizontal axis throioqh the three axes oif thie tody (thl x-, y. , anid s-axes) and wLtn
three visual conditio.ts (hi indfld, intt at e fIhri , itf o ) r oirt'ieevo arid uxt urnri fr~imm ,oh
r,!reti'e) . There, were epporta of i nfat:e as thin ii 95% of the ;q condittuna ,ciperienned by
11 subjects. There was rio signi [ir!anw. di[et minc ,.,', rtiiLiij to whethe:" itsh rttation about
the horizontal axis occurred about. the x-asi., the y-axis, or the z-axis of lt,, sutbjoct.
Thare was less sickness with the external visamu it i am of referertc,.

With totutton rates between 4 and 1'; rpm, Mowrey and Ciayson (1982) use•d the
pruvocation provided by 6 minute uxpouuiret hit acin icl med nstatling chair to assess t.hy
effectiveness of gitiger as an anti-moti,)ra rikr.eas age't. They state that nrtne of the '16
subjects was able to stay In !-he chair for 6 mrinutes when cliven a placebo whereat; half of
the nub (euts so rvived 6 minutots exposures after c'onruminq Irgowdered* ginger,

Otff-vert. lat rotationn (25 r'pm :or 30 or 60 minuteu at ati incl)inatill of 20 dicirees to
the vertical) baa also Iteen used to study unutiton sickness On thise at. rsae Sutton et al,1988). .

Thee percept Inns of z Ay moveriment during rotation about an axis inclined to the
vertical are dimcussed by Denias et al (1988) . These authors reported that using a
rotation ilete of 7.5 rpil 1-iith inclinations between 5 and 30 degrees, most subjects reported
sickness after a del.y ranging from less than tao minutes to more than 45 mtniltes.

-': C.4 >
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Cheung at al (1990) tumbled subjects head-over-heels about an earth-horizontal axis
at a rate of 20 rpm for up to 10 minutes to determine the effects of fitness training on
motion sickness susuepttbility. They found no difference between males and females but an
increased susceptibility to sickness after fitness training,

7. ROTATZONAL OICZLLAVZON

"7.1 Oscillation about a vnrt•.al tuaa
Moore et al (1977) describe a 'Vlsua±-Vestibular Interaction Test' (VVIT) in which a

seated subject is oscillatrd in yaw (i.e. about his z-axis) sinusoidally at 0,02 Hz with
i peak angular velocity of t155 deg~s'. (This corresponds to a rotational displacement of
approximately ±3.4 rotations). furing rotation, the subject identified the co-ordinates
of numbers shown on a visual display within an encloa-d cabin, Lentz and Guedry (1978) say
that the motion itself, when experienced with simple visual displays or in darkness is not
disturbing. They say the problem arires when the motion-induced nystagmus is superimposed
on the sacoades required during shifts of visual fixation and that nausea tends to build
up slowly on successive cycles of motion, Lentz at al (1977) repcrlad that a five minute
exposure to the test was -ore provocative of sicknesa than the Brief Vestibular
Disorientation TL.. (•.u±, - uw-j Section 8.2,1. There were significant correlations
between the results obtained from the WIT and the BVDT. There was also a low, but
statistically significant, correlation with results of a motion sickness questionnaire
indicating experience of sickness in various forms of t:ansport,

Guedry et al (1982) presented seated subject.s performiig a head-fixed visual search
task with 5 minute exposaras to two types of sinusoidal yaw oscillsi Ion: 0.02 Hz at ±155
deaga'" per second or 2.5 Hz at ±20 deg~s., 'hile oscillation at 2.5 f-i produced no
convincing signs of sickness, the oscillation at 0,02 Hz was highly nauseogenic, Six of
51 subjects failed to complete the 5 minute exposure to 0,02 Hz and 4 vomited) 75% of the
subjects reported some relevant symptom, The authors also exposed the subjects to cross-
coupled (i.e, Coriolis) stimulation producedl by ten 45 degree head movements during a 5
minute exposurn to 15 rpm and found this somewhat less nauseogenic (see Section 8,2,1),

Igarahli &I al (1966) provoked sickness in squirrel monkeys by oscillating them about
a vsrtioal axis (at 0.25 Hw. wi.th an amplitude of 90 degrees and velocity of 141 dogs'')
whhie they were within an optcIinettc drum rotating with the same motion but a 45 degreu
_hnase lag. When the motion occurred about a vertical axis there was vomiting in 13.3% of
the anllmals, whereas when the motion ocrur:ed about Che horizontal amis there was vomi.ting
in 50,81 of the animals,

Lackn•r and DilZio (1989) exposed subjects to 40 dego- constant velocity rotation
altout a vnrtloal axis with the direction )f rotation changing (at 300 deg.sa1) every minute.
When tusted wearing a helmet which doubled the inertia of the head, ail eight: subjects
e:!prr!enced nail!'a, but when tested without the helmet there was no nausea,

7 2 Oaaillation about A horizontal axis
Morton et al !194") used a 'roll-pJ.ch rocker' to expose subject a sli11]1 tanously to

roil notion ('trouuh 25,5 degrees) aiid a combined pitch an I vertical motion through 1,6
tl'etree at the end of a 4,9 itrnte irrm of a see-seaw, Oscillation on the see-sew alone at

'25 IIz rvulted in 40% of subjutsri "romltinq, wiltreanli wiLth thLs mnlieir corel'end wit), •to
mzic'r. at 0.08i R., 33') r t stb ': vomlited. Tho Hi lrnlt rte en were nim)l.• H i both

rotidit.i['l.J ,in) the authors 'our Lute.d that venrt i,,a mot ion from the sgovsaw was rum calii', of
th." oickneon, A,snioii, ., stvinidil vert ical snot on, thei notion 1•t•knoSt It d.11?i vii lJ
'IIo'eodii.' -#ouI d ,t) p r I(Iul about I6 W o I prei nliTl imc! lonlilitq 'ick d'o I'[I1J ,. 1 h(ou t (MJ)t u ti1, tul .(a ui

mot ion. Ilrkness wis si lqhtIy qreater whenll t(Ii n ..ilaw )aniI le,1 ) Fi It -'iatalblu ). I ( Ill., ,lhd
IoWe.l whieii I o ci.1j Iat ed aIt aboul 0,09 iv,. If the iul I 3,b minrot ru of dinpML,:- e ieiit Wa i ls-.d
.i all ifeqgue'irles, these changeu: wl h frequency arte connI .tri.t, with ll),totio ilckrlen Ol m Iut!iLj
clal asd by Ve t-ici l r oScillatinti and pussibly coniLsteel- the moti tin aircktif.ns 3losi, value

Igaushil et a] (1987) exposed squirrenl msionkeys ro usrL Itlatory stlotion about in "nuth
horivontal axis while viewing within an opLokiticerio drum oslliastiug ita the same axis end
by rho saeme amount but with a 45 deqren phase diifcrence. (.me litilon at 0,25 fHz wilth aLn
inmp litue ot 90 deqree,, provoked slcrknuss in ni. rtnal mio°ikeys bit w in de•or-used In those with
inuriiieal removas. of otolith end organs.

McCauley Lt al (1976) [lnýesetiateId response to pitch acod roll moulern at 0.115, 0,230
or 0.340 Hz with magnitudes irt the range 5), to 3.3.2 deg.s" r.m.s. Mlien the rotational
miitLons were added to a ver)csaL motion .)f 0.25 ih: at 1.1 es

1 
r in a,, the Incidence of

!51 kiest was not siqnficartntly different from the inciJe.ice of alckt)2ss with the vertical
mi-tion alone. No subject vomited with roll motion atone (33-3 den .as at 0.345 Hz) buL two
subjects vomited with this magnitude of pitch. The authors conclude that the results
support te view that vertical motiona i threuse Of seasickness and infr t.hat head
motion during vertical oscillation may not contribute to sickness,

Yhe effects of rotational oscillation about an earth-horizonmal axis ac 45 degrees to
tLh x-axes and the y-exes of seated sub.Jects was investi'ated by HoleJuk daid Blea (1989),
Over 35-minute exposures to oscillations (iO degrees peak at 0.025 

1)z, 0.1 liz and U.025 Ot
1 0.1 lIr), iubjects performed varinur tasks and rated subjctive symptums. No subject
vomited but symptoms increased with exp)osure time and were greatest when there was no
cuts ide view,. The provisio of an artificial horizon reduced motion sickntrss syoptctna.
The ticks included a requiteiment to maks 45 degree head movements and tme authors speculate
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that CuriolLs eJtects may lave contributed to sickness.

e. CORZOLZI, OR CROBS-COUPLUD, STIULATZON

8,1 Principlos of axoss-ceupled stimuli
If, while the body undergoes constant speed rotationt the head is rotated about an

axle other than the axis of constant speed rotation, nausea and other classic nymptoms of
motion sackness nmay appear, Moat commonly, the subject is rotated on a chair about the
vertical axis and required to make pitch or roll movements of the hnad, In the sensory
conflict theory this is assumed to arise from the otoliths sending the correct information
on head movements while the semicircular canals give a false indication of huead movement.

The 'false' indication of head motion produced by the semicircular canals arises when
a canal is rotated so so to change tne extent to which it is within the plant&' of the
constant speed rotation. Consider, for example, n vertical canal with constant speed
rotation occurring about the vrrntical axis (Ie. in yaw) so that the canal is not in the
pine of the rotation, Assume the canal is then rotated forward in pitch, so as to become
horizontal and in the plane of rotation. The rotational velcoity of the canal will have
changed from zero to the velocity of the constant speed rotation, The fluid within the
canal (i.e. endolimph) will need to accelerate to reach the or .d of rotation. Until this
speed is roached the endolymph will deflect the cupula and so indicate that therre has been
a change co rotational velooity in the plant of the canal (i.e. in the yaw axis of the body
but in the roll axis of the head, for pitch head movements). However, the only movement
of the head containing the canal his been in the pitch axis. So, while the semiciroular
canals indicate pitch and roll rotation of the head, the otoliths and proprioceptlve
iJnformation indicate only a pitch motion of the head. In summeary, when a person Is Sxposed
to continuous rotation about onu axis and makes a rotary movement of the head about a
sacond axis, there is a veeling of being rotated in a plane approximately or thogonal. - the
two true motions.

The above illustration it only a simplified intrcduction to the cross-coupled effect,
tor example, it Is also necessary to dotialder the signals that arise from cmnais that leave
thie plane of rotation. For a canal orientated horizontally and exposed to rotation at
constant speed for about 30 a or more the endolymph in tile canal will ne rotating'with the
walls uf the canal and will then cause no deflection of the cupula. Suppose that the oanial
is now iotated in pitch whiLe still undergoing constant spead rotation about the vertical
axis of the body, When the canal becomsa vertical there will be no rotation in the plane
of seits~iivlty of the canal . the decrease in rotational velocity will result in the
endoly.mpi daeflcting the cupula,

For pitch head motions while exposed to constant speed yaw rotation of the body, the
behaviour of canals in the roll and yaw axes of the head may follow the above general
explanlation. A canal sensitive to motion in the pitch axis io thu head would remain out
of the plane of rotation at all times and would indicate head movement as If there was no
constant speed rotation, Tf the head were to be rotated in roll while undergoing constant
speed yaw rctation, the 'erroneous' signals would arine from canals sensitive in the pitch
and yaw axes - a canal sensitive in the roll axit would give the same roll signal as in the
absence of constant speed rotatloni, In practice, the semicircular canals are not truly
orthrgunal and aligned in the pitch, roll and yaw axes of the head, Consequently, some
change will. be indlcatird by all three canuls during must head motions. It is assumed that
th', adapl.ive processang of slgnali from canals allows for the resolution of the signals
LnLe plIth, roll and yaw mTotions o. the head (see Section 8.2.2).

lhv sensnory :ongl iot explanatLion of sickness produced by cr05s-capled it-(molit-Ion
uinallIay nniulnen tfhat the olto}.ithn rilve a signal dependent otl their orientation wiLh lrespect
to gravity and are urnaftect.ed by the conetant speed lotation. However, as the otoliths
00051 away I ein Lhte centre ni roLation there will be centripetal orocen and translational

Iie •raltion. Thene mnghl qhe -itgni.firnt in nome canes.

Tiho direction of the illuaory sensation inttt'-duced when the semi-nilrcular canals enter
and leave the planri of rotation can be envisaged withouit mathematical derivations, Suppose
the constant apeed ruoatiluo is In the clockwise direction (looking down on the subject) and
the hlad h rulled to the left. An 'ideelimed semi-circular canal' orientated in the roll
plane of the hi ad I1i not. in the plane of conseant speed rotation at any time during the
lie-id niovement,•t Th,' signals given by th.!o canal are therefore the same as in the absence
of constant, speed rotation, A canal orientated in the pitch plane of the head enters the
plane of totattoo when the head is rolled to the left and will Incicate an increase in
pltch velocity. Signals from thi- canal would tot occur with this head movement in the
absence of the constant speed rotation. The yaw canal which leaves the plane of rotation
will indicat,' a decrease in velocity - again, a change which would not occur In the absence
of corstait .o;peed rotation, Tile overall impression couneo by a pure roll movement of the
head is a combined movement involving roll, pitch and yaw. Figu, s 12 provides a
diegrummnatic illustration of the signals that may be expected from canals orientated in the
rol I, pitch and yaw axes of the head Then making a roll movement of tile head during
contstant speed lotatlion. 'The Bemi-circular canals are not capable of detecting constant
speed rotation: in Figure 11 it ir assumed that the head has been held stationary during
e•rIstant speed rotation long enough for the effect of any previous head movement (and the
original acceleration of the turntable) to have decayed, The decay in turning sensation
after the roll movement is shown in Lhe figure.

:""L
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8.2 Nature ot practical crose-ooupled teats - Angular velocity
Various purpose-built devices and proprietary Angular

rotating chairs, often designed for vestibular veloolty Turnlng aeneatlon
tunction teste, have reisn used to generate cross-
coupled stimuli. The teat is usually condvotec'. with t,
qeated subjerta rotated about their vertical axis I oll canal
(i.e. yaw rotation about their z-axil), The
principal variabler involvud in the teat are:

%i) rate and direction of rotation;
(ii) direction and angle of head movement:
liii) frequency and duration of head Piton

movement: (%[ can.
liv) visual a onditions: I
(vM gravitational force;
(viO end point of test. 0

The full influence of all variables has not been WIS-
exhausitluly studied but some general conclusions Yawcanalaplpea r poL s .sibwcana

,2.1 Bifect c rate and direction of rotation
The nature of the cross-coupled stimula-ion is

nuch that qreater rates of toration would be expec;ted
to produce greeter magnitudex rnf 'ilusory mntlnrim
and, presumably, a higher incidence of sickness, Time

DUiny 90 degree movements of tha heed, Mil ter
and Graybial (1969, 1970la, 1970b, 19i0c, 19'4) fl'U9 12 Angular velocity of
investigatnd aicknas a as a funution of rotational semi-circular canals and 3ensation
vcloolty from I to 30 rpm (i,.e 0,0166 to 0.5 Hvi 6 of turning produced by Loll head
to 180 deg.s'l) . BLindfolded subjects maisd movements motion during constant speed
to th, front, right, backl left, front roturning to rotation about the 2-axis of the
the upright between eia:h movmmentt and holding each body, (Idealised canals in the
head position for I a, After completing this roll, pitch arid yaw planes of the
sequence ol' 5 head movements in 14 a they paused for head, After Benson, 19841,
20 e before repeating the same series or head
mtions. There were larn•e Inter-iubject differencens with aome subjects giving useful
results in the range 1 to 10 rpm while ot•otis could be tested over the range 5 to 30 rpm,
Never theless, for all subjr,:!ts the number of head mcvements required to reach both 'severe
malaise' (M 11t) and 'sioderate malalse' (M 11A), dacreased as the rate of rotation
inrctuaed, (The system used to identify and rate the symptoms of motion sickness was that
doveloped by Graybiel et al, 19681 see Tables 2s and 2b). Presenting the data on
logarithmic scales showed that there was at leant a 10:i difference in the number of head
movqrments required for moderate malaise by the most and least sensitive subject at a fixed
rate of rotation, Different subjects Oiaowed similar raten of decrease of the logarithm of
tie number of nead movnmentn with the Ilgarithmn of the increase In the rate of rotation,
'ITh average slope appears to have been such that there was an 1hnv•erse rlationship between
the .number of head mcovementa, N, before moderate maisise and tne rate of rotation, R,
ralsed to the power of 1.7.

Ml Iler and Griryb Ia dotermI rnd t} Ii 'average stressor effect' (E factor) of a single
hoed fovrmorit at cach rot'atIconil vIorirj'y tot, both moderate malaise (M ITA) and for severe
ti-.I [,I'it! (M .II , V-.i lun 1"I olrlint dcgrruoo ot! ma lei e wotre ailso deterl•mined (MLler and
,'h;ybito], 19"7c, I ( i1c" , rIo lojo.di L ri latL ,,iishjp betwween tliu P: factors and chair
Vt- rIC) Ii I c1131 lV 1 ,v I,,' C i icrinot n si• krlim aeverity Are. nhown In Figure 13,

Tihn ' Iiti ,,in ilki :u Fhi oltIO l d r I ii t ry [nd's, >',1t31, was doft[neid anr riLt prudul. of I lt,
,rCV r'I ii , ,in4or e• to-i of 't tiq lo wid i 1i nillvitrili (i; fact.or) W itLh the number of head
ilvtCi~ ii-t . [;l t I- I k i ltl r l ti I w ri]•i I i d ,it ion ýiri:kriesoi atdpi oit:

'Thi V i 1lI of I rait be obca.[l nod 1'ruin P, iq.q r •? I-3, Alternatively, C. 3 values can be
vrl olorlltt fd rotm the fellowilog injuat otto:

Sl Ihit malaise (M [): )(,8IM S 0, 0053Ce ' W x N

Moderate. m,1lale H (M ii1 131) I ,S:IM , , - 0.00.104 R'"' x N

Mdiderate Inal aise A (M IIA) : C"s,9N li 0 ,010201 R''" x N

£nv'olW ri,,lale ti C(M 1ll)1 SiL: , U,UU104 Rl'" x N

PV.,is A a :kinios ('C1 I CSt r•,. 0,00045 RH'"' x N

Ih-, Tindrx was a r ranged ii,) that pr act lci] ClSl values would fall within the range 0 to 100,
w. Ph Jcr,Ees I 1crerslog for less susceptible nubjecta, A value greater than 100 would be
ci iloried by a subjoct who req±itad morre than J50 head movements to reach moderate malaise
at a revutucini rate of 30 tm. High CSSI values indicate that a subject is resistant to
mot on sickoesir while, low [',,!3' values IridLraLe high susceptlbillhy,

The Cornolls Sicknoess susceptibility index provides a means of quantifying individual

" .i ..... .
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iguroe 13 Relationship between the r, factor and ohuir velocity for fivn lovei;; of
motion sickness severity, the ti factor indicates 'average streasor effect' of a
single head movement at each velocity, (see Miller and Orayhlel., 1410c).

6sinseptibility to sickness by determining the number of head movements required during
rotatlon at any rotation rate between 2,5 and 30 rpm to cause a defined degrae of iraldiae
(oil the scale shown in Tables 2a and 2b, Graybiel et al, 1968). If the CSSI value for 'A
subject Is known it becomes possible to predict the rate of rotatorn that will be required
to cause the required motiorri s.cknes; endpoint within a defLned number ot head mOVemLts,
M llor and Craybhiel (1970c) muggeeoted that moderat-i l aIaise (M [IA) yilnIld-.d tho h'mne
balance between subject acceptability and test confidenae.

The CSSI values reported by Miller and Graybtel (1969, 1970a, 1910b, _910!) wero
determined with b lindfold subjects and the pasternr of: 90 deugree hoad movomonts d-sctbhed
above, Other visual conditions or other types or patterns of movement may not provide the
same values.

For severe malaise IM III) , Miller and
Graybiel (1969) found a high teat-retest Percentage with 0881 value
reliability when C0SI values were obtained on 100

two occasiono, Using 250 normal subjects
(mainly aviation students and flight crowl thoy
found that the distribution of CSSI values was 80
highly skewed auch that while) the mean value
was 15.3, the median was 10,0 anid the mode 7 to
8. Fi'gure 14 illuatratoe the cumulative
die tribur:on of CSSI values In the group. 0
Millet and draybiel (19'4) repert aImcost
d0t loCal ciiLstIibuitionnS far cii tour levels Ut

malaise (M I, M I11, M IIA, M II1). Calkirn of 40
aJ (1981) used a logarithmic t.ransformatlaon to
lusd1 co the skew in the di.tlribution of CSSI
va Iues. They also showed that after ihe
appi ication of hils transformaLlon there won a 20
' eoapactable reliability' in CSI values as
Indicated by two successive exposure:; of
stubjects to the test. Mi ler and Graybiel ,r
(ig1lOo) showed that there was a high 00
correlation between the CS81 values of subjects 0 2r 0 40 S0 e o 100
across five motion sickness end points. Oorolls S1okness 8usoepifty Index

The CSSI index implies that a doubling of Figure 14 Cumulative distribution of
the revolution rate will have a greater effect C118 values in a group of 2S0 aviation
than doubling the number of head motions. For studenrts and flight crew. (The
example, a three fold increase in the rate of distribution is highly skewed - mean:
rotation is approximately equivalent to a sx- 19.3; median: 1d0. model to 8, ate
fold increase in the number of head movements, from Mt lir and Graybiel, 1969)

Kohl et al (1986) defined a procedure for calculating the value of the CSSI when
subjects have been exposed to a sequence of motions in which the rate of rotation has been
systematically increased.

The application of cross-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 (1970) explain how responses to a questionnaire may be used
to determine both motion experience and susceptibility to motlon sickness and hence select

S....... .•; :• Z.:•:
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an .appropriate revolution rate for each subject, They s'ate that when M Iil symptoms
(severe malaise) occurred within 40 to 166 head movements, the ig.qns and symptoms developed
gradually without the hazard of provoking frank sickness (vomitio;q), Consistent with the
data in Figure 14, they found that 50% of subjects reached severe malaise with a CSSI of
10.

The dependent variable in cross-coupled vestibular stimulation studies can be either
the degree of nausea produced by a predetermined stimulus or the stimulus required to
produce a predetermined degree of nausea, When the stimulus is predetermined, some scalo
such as the scale shown in Tables 2a and 2b (Oraybiel et al, 1968) may be used. It the
endpoint is predetermined, some measure of the at imulus severity is required, This could
be the number of head movements required when exposed to a constant rate of rotation.
However, with the wide inter-subject variability in susceptibility to sickness, it is often
convenient to increase the rate of rotation as the test proceeds ao as to be sure that most
persons will produce the desired symptoms. A cumulative measure (such as total number of
head movemonts executed before reaching the endpoint) can still be used so long as all
sub jects receive the same sequence of conditions. Ancther advantage of this type of teat
is that it is possible to prevent subjects developing severe symptoms by terminating the
exposure when the signs or symptoms are lees severe. Consequently, some studies have
chosen to use fixed rates of rotation while others have varied the rate according to
subject response.

some studies suggest that the magnitude of the effect (e.g. perceived t.iCit) when
making head movements In a rotating environment are linearly related to the rotational
velocity (Guedry and Montague, 1961), Studies in a slow rotation room showed that more
head movements were required before subjects habituated to Coriolis stimulation sti higherrotation rates if the rate of rotation wan increased by fixed steps (see Section U.3 anld
Reason and Guaybiel, 1970), More head movements were required to habituate to the ohinige
from 9 to t0 rpm than the chanqe from 3 to 4 rpm. Rnason and Greybiel (19'lU) recommend the
percentage st total head movements appropriate for each rotation velocity from 2 to 10 rpm
when using I rpm increments in rotational velocity, Using this information, Benson at al
(1971) deviaed adaptation schedule! in which the increment in rotation rate decreased as
the rotation rate increased so that the number of head rotations required was similar at
each new rate, They provided experimental support for the method for rotation rates from
3 to 5.95 rpm. Gelding (1989) compared results obtained with fixed and variable increments
as proposed by Benson et al (1971). He concludes that the findings from both methods ate
similar if the severity of the stimulus is expressed as the integral over time o0 the
rotational velocity experienced (equivalent to the product of the number of head movements
and the rotational velocity).

The Brief Vestibular Disorientation Test (BVDT) described 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 second), After 30 a at constant velocity, a seated subject with
closed eyes makes 45 degree head movements every 30 a in the ordert right, upright, left,
upright, right, upright, left, upright, forward, upright, On comnlet.ion of the sequence
(330 a) the motion is stopped and the subject opens his eyes after sensations of movement

have ceased, Guedry (1968) says that the results of testing 500 student pilots with this
test showed that observers judged that only 5% of subjects remained unaffected after six
head movements. Ambler and Guedry (1971) show that the test could also be conducted with
a lower rotation rate (10 rpm) with the benefit of lean subject disturbance, Banta et al
(1987) describe a modified version of this teatt the subject is exposed to coiLstant
clockwise rotation at 18 rpm with eyes closed and the head tilta relative to the plane of
rotation every 30 s for a total of 10 minutes or until the subject tutmirnates the exponul:o
die to symptoms of motion sickness.

Studies using variable rates of rotation Include a series of experimunts ill which th,
responses of the eutonomic nervous system reaction to motion sickness have been studied
(e.g. Cowings et al, 197'7, 1986, 1990). The procedure is oimil.ar to that proposed by
Mi Iler and Graybiel (1969) : blindfold subjects are Initially rotatod at 6 rpm and
incremented by 2 rpm every 5 minutes up to a maximum ol 30 rpm, At 2 s intervals
throughout each 5 minute period, head movements are made at 45 degrees in each of four
directions in response to recorded voice instructions. A subjective scale of motion
sickness severity was administered at the and of each five minute period while the head
movements were stopped but the chair continued to rotate, The time to reach severe malaise
)M III), or the number of rotations to reach 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 median of 19,5 minutes among a mixed group of 127 males and
females (Cowings et al, 1986). Stott at al (1984) required subjects to make 45 degree head
movements while exposed to a rate of rotation which increased at 0.1 deg.s' uitil 15 rpm
was reached (after 15 minutes)l this rate of rotation was then maintained for a further 5
minutes, Subjects who had not taken active dritgs required the motto:, to be stopped after
an average of 11 minutes.

There appears to be no particular virtue in using clockwise or antiolockwise rotatLion.
Varying the direction of rotation has sometimes been used to reduce the chances of subjects
habituating to the motions (e.g. Miller and Graybiel, 1970). Guedry (19651 exposed nine
men io 10 rpm of counter-clockwise rotation in a slow rotation room for 12 days, The
subjective effects (vertigo, naunea and stomach awareness) caused by head movements while
exposed to counter-clockwise rotation decreasrd. One hour after the end of the 12 day
continuous exposure, the effects of head movements while exposed to clockwise rotation were
unchanged from those while exposed to clockwise rotation before the 19 day exposure to
counter-ulcckwiase rotation, Two days later, responses to both directions of rotation were

A.
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dl mn it•Lsthd, but J monuiihs at itr t uponies were similar to Lhose before the 12 day ewl 'sun e

6.2,2 Effect of frequenay, direction and angle o@ head movemant
As the snmicircular canals are not truly orthogonal and aligned in the pitch, roll and

yaw axes of o-he head, the effect of roll and pitch movements of the head do not have
equally provocative effects and the greatest effect in not produced by a 90 degree head
movemont,

Whereas the Brief Vestibular Disorientation 'est (SVDT) u-eio 45 degree head movemente
at 30 a intervals, the Coriolis Sickness Susceptibility Index (CSSI) involves 90 degree
head movements at I a intervals, In some tests the angles coi head movement have been
measured precisely whereas in many they have been based on loose verbal instructions,

Lent., (19716) described a chair in which headrests posittu.ned the head either in a
normal upright position - with the lateral semicircular canals in the plane of rotation -
or with thu head rotatod 90 degrees forward and 45 degrees to the left Ao as to place a
pair of vertical semicircular canals In the plane of rotatior, This chair was used to
study turning nerinations (not to produce motion sickness) . Subjects maintained their heads
in one of the two positions throughout a 2 minute exposure tc 18 seconds of acceleration
(h dg.a'(), followed ty constant velocity rotation (90 degro-,s,st 15 rpm', followed by
deceleration (at 5 deg.s'•),

lavlor at al (1911) describe a test in which blindfold ntubjectr were strapped In a
supine position ,.ri a turntable rotating in the horizontal plane at 30 rpm. The head was
moved miechanically through a vertical arc of 36 degrees and back with a cycle time of 24
seconds. The authors state that this teat produced nausea and vomiting within 2 or 3
minutes in subjects unaccustomed i:o the motions of aircraft,

2,.23 INfeat of gravitational force
L.acknor and Graybiel (1984, 1986b) found thst the strength of symptoms induced by

cross-coupled stimulation were dependent on the gravitational force. When this was reduced
(during flight manoeuvres or in space) the stimulation -as less effective, When the
steady-state force field was increased the effects were inr-teased. 'They suggest that the
efiect may be partially due to reduced effectiveness of semicircular canal function when
there is reduced otollth signals, Additionally they suggunt that the changes in motoc-
control and sensory feedback required with different acceleration fiIlds may be relevant,

8,3 Slow rotation roam
Various studies have been conductld in which subjects have been placed in rotatinc,

rooms rather than onl a rotating seat, 'Slow rotation rooms' 15 or 20 feet, In diameter and
'I or 10 feet high allowed the provision of accommodatLor end the ability to expose subjects
fort periods of several days, The r-ooms were constructed to provide information for- Manted
orbiting satellites, lraybiel (1969) said that rotation at 1 rpm gives little or no
disturbance of vestibular origin but "at 10,0 rpm it is comparable to exposure on rough

It has been found that there can be adaptation to the ouculogyral illuslon in m slow
rotat'ing room over a few days Graybiel at at, 1961). There is evidence that hahituation
to motion sickness acquired while standing parallel to the axis of rotation transfers- to
the orientation with the subject at rignt angles to the axis of rotation (Graybial at al,
1968). Orayblel et a) (1969) fetind that incrementing the rate of rotation by I rpm per day
up to 10 rpm resulted in no overt symptoms of motion sickness whereas sudden exposurej, to
10 rpm Invariably led to motion nickneas amonq subjects performing set tasks, Attempts to
tintl.tuate to in rpm over shorter periods wor.n unsuccessful, UsiJng rotation rates of 1,5
and 20 rpm ilraybiel (1970) found no dl f forpence in siesre'Btibi Ib ity to mot ion sickness betweien
ii, icd and normnlly sighted persons - although sighted persons tended to be more suscept iblh
with theoir eyes open, Oostervehd et al (19'72) found that 19 sub-lects were more onusceptible
to nrilckrmen when making head movements irn a rot'ating roomi with eyes open, thrvee wer- nmore
susc-'ptribl,' with eyes closed and two were equally ausceptible in the two conditions,

The slow rotation r,-m hap also been used to evaisate the effectiveness of some .antl-
motion sickness drugs (e.g, Weod et at, 19661 Wood and Graybielt 1968, 19701 Graybi,-l at.
al, 1976, Grayblel et a1, 1981), In a typical experiment, subjects seated away from thi,
centre of rotation, were required to perform tasks requirirg head movements in roll, pitcti
and yaw. In a control condition, the rate of rotation was increased (from I rpm up to 27
rpm in I rpm steps) until subjects experienced severe malaise (M III) within about 40 head
movements, The number of additional head movements possible with this rate of rotation
after the consumption of drugs was used as the measure of drug effectiveness, Graybisi and
Knepton (1910) reported mixed success in providing habituation to motion sickness among a
small group of aircrew in a rotating room.

9. OTHMR COM•L•X NOTZON CONDZTZONU
The motions in many forms of transport are causes of motion sickness (see Table J).

In moat transport env.'.ronments there are motions in several axL.s of translation and
rotation and the motion occurs at more than one frequency, For many environments the
dir•ections anr frequenclea of the motion primarily responsible for sickness have yet to be
proven beyond reasonable doubt,

Seasicknfesa I.s often primarily caused by low frequency vertical motion (see Griffin,
1991), However, the vertical motion is partially caused by the pitch motion of ships so
the incidence of vomiting and illness is usually highly correlated w0th both the ve*!tical
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iiutLiul. alid Liiu pitch lrluliuri At Vu njjlij * i..I aui coirdittiliti which iniLrease the pitch adrd
the vertical motions of vessels also increass the motions in other axw,, there can be
statistically significant correlations between the incidence of motion sickness and the
vessel motions in all axos, The trrveller suffering from saaslcknesm may not be able to
identify the axis of motion causing the problem,

The 'ride' in road vehicles, and efforts to improve the comfort of person in road
vehicles, is dominated by consideration of the effects of vibration at frequencies in
excess of I Hz, However, there is no evidence that oscillation of the human body at
frequencies greater than I Hz Is a significant cause of motion Lickness in such vehicles.
The motions causing sickness must be at lower frequencies. It seems unlikely that vertical
motion i.s normally Lufficient to proluce the high incidence of sickness that occurs in road .
veiicles. Accelerations in the horizontal d~rectiovs are more likely causea of motion
sicknens but there are currently no dose-effect, relationships.

The physical causes of ai.rsickness have receiuved ioss investigation than the physicul
causes of seasickness, The complex motions cn aircraft vary greatly between aircraft end
depend or the flight condition. It seems probably that some forms of airsickness are due
to low fr!, quency vertical oscillation, but dose-effwct information is not available,

Various studies of motion sickness in gravitri-inartial force fields other than i ai
have been undertaken, In studies during paraboiýo flight in aircraft it has been found
that at zro G, movements of the head in roll, pitch or yaw increase motion sickness and

ehat the symptom' ert- greatest with the eyes open (Lackner and Grayhiel, 1984) . Pitch
wovcmhnts of thu head and trunk through 90 degreea with tire eyes open bted the most severe
aeLeciti. Similar results were obtained when the study was repeated at 2 0 but the symptoms
tnided to be more severn (Lackner asld GraybiLi, 1986a, 1967), 'Space ontion sickness' is
oft en provoked by head motion and was not a problem in small apanacra't which allowed
Ittlu or no movement,

10. VZISUALLX-ZOUOED NOTZON $IZIW01B

Movement of a largu visual scene gives the illusion of self-motirn in the oppouite
(ot.rection, Thu 2! i'nrl,'4  may be produced by translation of the visaul field past the
ohbsrvor (linoer voction) ou- "tration of the visual field around the observer (circular
v"otcu.non) 'These I ilusiona tay not, in themselves, cause sickness but the occurrence of
otbor mlotions (especIalII heati motions) while experiencing an illusory motion can be
lauseogenic, Circul.ar vection is more easily simulated and hae been most studied,

101. 1oseudo-Cool.,ts effect
The Coriolis effect oucurs if, while the body is rotating about one axis, the head Is

r otated about another axtis (sae Section 8). Di ohganrr and Biraedt (1973) used the telm
'paseudo-Coriolis effect' to describe the similar consequences that ariae if heart movement'i
are made during circular veorion.x

In the hicihgans and Sra,,dt experiments ,.ubjects sat at the cent re of a 1,5 :i diameter
cylindrical drum with its nmX-t vertical end having inner waels wit.h alternate white ond
black vertical stripeL each subtanding 7 degrees at the eye, (Tilis appa'. •,s is sometimes
cal.led asr 'optokinetic drum') . Using 45 deqree head movements to the right and left during
roteation about the vnirtoal axis at ¶5 rpm, they compared the number of hled movements
required to produce motion smickness in three conditionsi rotation of the drum only,
rotstion of the uhai r only an!d combinod rotation of the chair and drum, All three
rondit Ionn produced sickness with thie 'drum only I rotatlor, tending to require most head
,iovimnnits and t1ie combirn-1r ruriat Ion of chair aod dusi requiling the least head movements
taruve aioknenn, Thte nnrem'• eAnt-l oros 'er, experienced by nubjects An, all three
sonidiL t LOis,

i•ALnkni-r arid T0,),olr.a (1977) found ULitle difference in the motion sikness symptoms
uxp'oiI luocel whel nutibjeit I hull.J :Ire rhed ntaLtionary uo moved the head from shoulder to
srhoulder whi he viewing withiri ar optoknretic drum Wlth ratea of rotation increased
Incremental Ly from 1.66 tn 13,33 rpm. There was a trend towards fewer symptoms when the
head was hold start.irary Tiriy repo.t that symptrona were not the same as tho.se experienced
during Coriolii stilioulatiorn - possibly because the incremental charges in the rotation
velocity rkeulted in only a few mubjeotr expertencLng the pseudo-Coxiolis effect when
,nov rig th heead,

Using rtndomly posltionod black doto on the interior of a white sphere, Yang and Pei
(1991) investJgated the severity of motion sickness in seated subjects arising with various
directions of sphere rotation (at 7.5 rpm) end head rotation (f20 degrees). During roll
motion of the drum, freed movements in roll reduced motion sickness while pitch and yaw head
movements caused no significant change• relative to the condition with no head movement,
During pitch motion of the sphere, head movements in roll, pitch and yaw significantly .
reduced motion sickness zympt-ms. During yaw axis otation of the sph,.re, head mcvem-nts .
in roll and pitich sign.iticantly i, ncreased motion sickness symptoms while yaw axis head
motions ned no effect. The effect of head motiun was most, detrimental with yaw rotation
of the sphere and most beneficial with pitch rotation of tht sphere. This may be explained
in terms of the strength of the illusory sensation of turning (circular vection) beirng
stronggest with yaw rotation of the sphere and weakest with pitch rotation of the sphere
see Section l0.2t,

KI, i• ,.'
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10.2 Circular vection
Various studies have produced motion sickness iwithout head motions using a drum

similar to that devised by Dichgans and Brandt.

Daunton at al (1984) compared the incidence of motion sickness in 271 squirrel monkeys
expoaed to constant speed rotation about a vertical axis with A view of the laboratory with
the sickness that occutred within a rotating optokinetic drum. With a rotation rate of 10
rpm, 70% of animals retched tr vomited when they were rotated, while 74% retched or vomited
in the rotating optokinetic drum. At 25 rpm ell animals retched or vomited when they were
rotated and 81% retched or vomited within the optokinetic drum.

Using drum rotation at 10 rpm, Stern et al (1985) found that 14 out of 21 subjects
developed symptoms of motion sickness in a 15 minute exposure. Five subjects requested the
drum motion to be stopped before 15 minutes. HU et al (1989) found that symptoms of motion
sickness increased appreciably as the rotation rate of the drum increased from 2.5 to 10
rpm but fell when the speed was increased further to 15 rpm, Using a rotation rate of tO
rpm, Stern et al (1990) found that symptoms of motion sickness could be greatly reduced by
restricting the subjects to a 15 degree circular field of view or providing them with a
fixed visual target. Hu et sl (1991a) found that exposure to a circular vection drum
rotating at 2,5 rpm end 5 rpm for periods of 4 minutes reduced sueceptibility to sickness
during subsequent exposures to 10 rpm for 16 minutes, Using 10 rpm rotation of a circular
vection drum 0,76m in diameter with alternating 5.7 degree black and 9.3 degree white
stripes and a fixed head position, Hu at &I (1991b) found that symptoms of sickness
decreased over successive exposures of 16 minutes duration,

In studies reported by DobJe at al (1987, 1989a, 1989b) most subjects tolerated
appreciably less then 20 minutes of exposure to drum rotation at 10 rpm before symptoms of
motion allknLss resulted in withdrawal of exposure. Dobie and Mey (1990) report mean
tolerance times to this test In the range 3 to 6 minutes compared to mean tolerance times
tn the range 2 to 3 minutes fao subjects given Coriolis stimulation (chair rntation at 10
rpm with 45 degree tilts in the frontal arid latorAl planua uvery 40 seconds),

In a study of optokinetic and vaestibulo-ocular reflex responser to pueudo-random
stimuli, Peterka at al t1907) found that no subject complained of sickness when the seated
subjects were nscillated in yaw in a darkened room but 20% of subjects producad symptoma
when a visual Ltlmutlui, was rotilted abcu t the stationary subjects., The provoostion was
greater with the optokinetic stimulus even though the magnitude (.f the visual mot.ion was
half the magnitude of the rotation when the subject was oaoillated, The two motions had
sImilar, though not identical, spectra with all energy below 1.5 H4,

Using rmndoedly positioned black dotes ol the Interior of a white sphere, Yang arid Vol
(1991) investigated the severity of motion sickness in seated subjects erising with roll,
pitch and yaw rotation of the sphere at '1,5 rpm. The strength of the illusory sensation
of turning (circular veotion) was strongest with yaw rotatioln of thb sploire and weakrl,
with pitch rotation of the sphere. However, in the absence of head movements, symptoms of
motion sickness were strongest with pitch rotation and leant with yaw rotation, The
findings are explained in terms of otolithic signals reducing vaction for rotation about
horizontal axes, at the expense of introducing 'conflict' between visuaL ,nd vestibular
information. Pitch head motions are assumed to,be worse than roll head n[otions because
pitch head motions are more frequent and so more closely associated with otolithic
stimulation - consequently pitch rotation of the sphere produced the stronqeni contlact,

10.3 Other mootions
from studies Involvinq the swinging of oa'dts end the totaLtion of monfkeyn, i1aUiLtou] Of

al (1984) concluded that these animals could be made :ýilck 1y visual st.iniulation alone and
that arnimals most sueceptLh] e Io opookinet Li Ot iulr1sat)oll tend to beI t lose moist. cept [Ii.Iv
to motion sickness with bodily imtovment, 'r'hn tWo oploknrirtic mplot tin i w, oil( tiwiiniqi rg a
box (at 0.28 Hz) over stationary c.ats and plancInq nti Lioriary i~riitrre] nuonkoyum wILhin a
rotatiteg optokinetJlc drum (snen Slotltor 10.2).

10.4 Distortion or degradation of the visual field
Benfari (1964) obtained subjective reports of motion slcknuss symptoms while subjects

viewed four types of film projected with a wide angle lens within a 165 degree dome. It
was found that the combination ol peripheral flicker with a poorly structured visual field
gave moat symptoms of motion sickness, The presence of flicker alone or a poorly
structured visual field alone were noL sufficient. to cause significant problems,

The wearing of left.rlght or up-down reversiny spectacles while walking or lmtakilyg
other voluntary or involuntary head movements can induce symptoms of motion sickness (eag,
Kottenhoff arnd Lindahl, 19601 Sock and Oman, 1982), ackner anid uizio (1991) report that
susceptibility to sickness produced by 0.5 Hz pitch head movements with visual inversion
was less in a 0G environment (a parabolic flight profile in an aircraift) than in a
terrestrial I0 environment, Ambulation while wearing left-right reversing goggles has been
reported as considerably more naussogenir. than ambulation with up-down reversi.ng goggles
iTakahashi et al, 1991).

10.5 ltisulateo sickness
There are manly reports of motion sickness in simulators, some of which may be

attributed to distortion or other deficiencies of the visuel simulation. The presence of
inappropriate lags between subject responses and movements of the visual scene and the
motion simulator may also be responsible.

141 1,"
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11. OTHMR NON-MOTION STIMULI CAUSING SICKNESS

oymptoms indistinguishable from some motion sickness symptoms can be produced by
various non-motion stimuli. These inclide caloric stimulation of the outer ear, the
eScesmive consumption of olcohol, the consumption of heavy water (deuterium oxide), some
physiological conditions and physiological disorders, radiation and variouv h[ugs,
including poisons, tome of these may also accentuate susceptibility to motion sickness,

12. DISCUSSION AND CONCLUSIONS
Mot1on sickness arises from a wide variety of physical stimuli. Experimental results

provide a growing body of data from which predictions can be made. General theories of
motion sickness offer qualitative explanations of why motion sickness occurs in each
circumstance but they do not allow quantitative predictions of the physical characteristics
of stimuli required for sickness. General theories do not indicate which of two stimuli
will be more nauseogenic or provide prediotions of the extent of sickness with any form of
motion,

Head motion appears critical to the development of sickness with some motions. The
failure to control, or adequately monitor, head motions in many experiments limits the
interpret.'tion of some results. the motion imparted to a person at the floor or seat may
not be the same as that occurring at the head, The transmission of motion through the body
may be attenuated or amplified and there may be phase lags, MIotioa in one axis at tin seat
(e,g, fore-and-aft) may induce other axes of movement at the head (u,, pitch) , The
sub~lect may make voluntary or involuntary movements of the head in response to the motions,
With the extent of these depending on the type of restraint and the visual field, The
interaction between these head motions and the imposed motion may be a cause or sickness.

Ucudies of the efftets of head position and body orientation o" &ockness induced ty
the drug spomorphine, revealed that vomiting was far less when subjects were supine
(lasaos, 1957) , The benefit was shown to arias from the supine posture of the body end not
from the changed orientation oý the head, While head movements may be the cause of
sickness with some motion stimuli it does necesmarily not: follow thai the often reported
benefits of a recumbent posture in transport arise from the changed orientation of Pho
head. These studies also suggested that the action of apomorphine was additive, or
synergistic, with the sickness induqed by vertical motion, horiszntal motion snnr raloric
stimulation,

Visual conditions are also critical to the nevelopment of motion sickness in some
situations, Different degrees of sickness can arise with eyes rinsed, eyes opon vi4ewing
a moving environment and oyesý open viewing the outside world, When viewin(g the moving
environment (e.g. the interior of a moving cabin) the effect may depend on the visual
soarse. A task which requires eye movements may hav, a parhioularLy detrimrntal efsct on
subject well-being, 'fhe pieseritation of a visual scene which moves within a cabin (os with
some simulators) may ba expected to increase or decrease sickness depending on the eye and
head movements that arise and how both the extent and the phess of movements of. tht,
projected visual scene correspond with movements of the cabin or the pcsitLion of the
external world.

Future research will extend the set of relevo,.t experimental data, This will allow
Increased understanding of the effects of ihdividual physical, physiological and
psychological variables, It may then be possiblle to of ez more confidunt predictions of
the physical causes of motion sickness in specific environments.
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I11CINIVICATION OPURATIONNICILI DU VlCPIMMM POUR L'AliEo ,11UPACE R IA EURVIR
EN MRL.

A.LEGER
Division, Visualization Interface / Etudes Averted"

SEXTANT M~onique
33166 St M~dad on Salles Codes, MR

IiLMhi Sur un plan purement mnldical, Isi nal deu The testimony of representatives of the Ground
transports ou drndtase to pose g6nilrallement quo dos Formes the Army Air Forcms and the Navy and
problinios binlns dana Is vie cocranta. Er. rovayrhe, let reports from England and Canada suggested that
apirdtlono airlennies at spaidales dornnat un. touts auitr the incidents at seasickness In amphibious training
dimension t cott. affection relativement friquente. Do and combat operations had been high, resulting at
mime, Is syndrome do cintituse a une Influence sensible sur time in serious losses of efflelencyt that airsicktness
lIs conditions do .wrvie on mar, had become a problem of some magnitude in the

selection, training and proper elimination of Mir
LA perspective historique issue dos reeherches mondes lots force personnel particularly navigators, bombardiser
du dornier cunillit mondial permot do mists mituor Ie and gunnors; sod that operations then anticipated,
problime. Colte distarolts conduit entuit. k analyser les lin which very large numbers of troops would be

*reIntions complexes qui ortisitnt intre In drintoses at Ia carried by air and by small surface craft, might be
*performance psychomotrica dea opirateura. attended by at serious doegre of incapacitation from

motion sickness" Bard, 1948.
Llmpact dos cinitose sur len opirstions militsires

*ai~riennes comports do* aspncts classlques, rolativemont Ceal timolgit bion des prioccupations qul pouvalent
bien fiudl6& sut le plan ilpidimfologlque, Let problimes alister Ii calts 6poque, La question qua I'on pout
l ids it Is formation Initial# et t I i'ntralnismnte des piloto& ligitintoment so poser ait: "qulen est-l maintensont?". La
onsntituent toujouis oft print Important. Do mime, los but essential de ce document sort done do tentor do Maine Is
cLdtome pouvmnt 6vrontue~lhernnt tonrilbusr h accrottre as point sut las usepets actual& do I& signIfication
vulnirabillti da mile k terra dos combattants uircportis. opdratlonnelle dos cindtoses.
On relboe par autocrast dos upon@s nouveaun, risultant de
li'volutikn tochnologique du Warnot& ot dos systbrmos. 11 faut bien so rendris compte quo, dant Is vie couraite,
Moils, l'introdcction des "yifmel d'side k Is vision nocturne I'appsrition du syndrome do cinitaow eat cartos diplalsanto,
et du suiv de, terrain automatique amline des conditions do mats quo son netentissemfent Bur Iii conception dos myoyns
vol propics soa divelopponient dos cinitosos do transport at tour mise en oeuvre demeure gdniralement

asses ilmit6. On pout, par exemple, so demander quell sera

La retentissomentt du mal doa lespace sun le operations Illmpact dos cindtosu. icr ia dciclon dos passagers do
spatale noso pss it u tut d I&mim faqn slonquo ciolsir Is bateau, lavion ou Is tunnel &out Is munche pour

aunt gonsidinis des i~jouns courts (navette) ou longs i udoo oam nmi 1etpoal u ot

(station spatisae habltable). Las rdsultatA dc loexploitation question demeurs duc second ondre par rspport suit
contslddnatlons tarlfalroi, On pact 6galoeont voir contalins

doc Sy~tbmo do Transport Spatial (STS) constituent Is constructeurs automobiles alintonrogor, Iots do Is
melilecre source do doiindes sur co sciot, conception dos vihiculos, sur Its interactions vilso-

vostibulaire. toutefols, cette dimarche demosre
Enfin. is& consiquenices physiologlques at pqychologiques hobituollement rolativomont ponctuollr. It oil postant blon
do syndrome do clittoso, tell.s qu'aggravation do Is connu quo Ito mal do volture" constitue un fluau pour te&
dishydrntation, assthie, sont lot principsux factours, f parents de Jesnes enfants mals qul , gindralement at fort
prondreoen compte pour Is survie on mer, heureusoeont, affecte plutOt Is moyarkno honaire dos

I. INTIODUCTON dilpiacaments quo tour sicritil.

En tall, ces quoiques rnoifelor anacdines, nasocios au
Lei ccnsiqcenicna opdrationnollea des ciniltoses ont 4t4 consildirstions tsistoriques, ant pour but do soullgnra quo 1s
porticuli~krement itudlies dens I& comniunautiti millistai au problfina do Is signification opinationnefle conatitus rsn
court dic second conflt mondial at dans leia nitie qui ant moleur extrimomont puissanit pour touteslIa itucies
oclvi. Pout comprandre cot mindrt, on pout delto un sttrait maniesa dansa le domains dos ainitosaso. L~inpsact our
du rapport do I& premillra rilunion du soue~comlti US Sur leafficaclti des opiratocrosil stI&uriti des opiratlens, done
lot clnitoxes, daspri Renasn (22): Is cobt humnin at matlifiel, constitue uno dli fonidamentalo

do It progression dos connalsaancea giniralas done cc
domain. (somemi damn beaucoup dlautme dalleur~lt),

4,
.44I



4-2

Ainsi, clants lea annics 60 A 70 Is perspective dos vole Australia,,. font tAm do probilmen qui sambia
spatisux at dos problimes d'orlontation spatiale pouvant on particulihrastent algd pour [am tiavigatotais.
ddcoulor a mans aurwi douto largamant contribul I l'anor
Important dos Cludes do physlologic voeelbulolro, on samucoup moins do donndea sont disponblbo pour lea
particullar sun Etats.Unis. opdrationa do combat adrian, Los estimations variant an~ta

S at 19 % aeon lea sources, mali I'interflrance dos cin6tomo
Comnmit Ia, note Bonson (1), Ia port. do blon-Atra risultant avoc l'ut6cution des Wihom opirationnoitot eat

*du mau dot transport&, mmem moddrda, pout conutituos one halbituslloment rolaties comma trio baue, pulaqus no

sourco t~o prablimu pour on piloto dont Is ticho oat par dipossont psa 0,3 pour 10W0 hommo/mIsalon, 11 oxslte par
avanco -onipluas 11 taut copondlari roconnaltro quo coite ailiours dos Interactions recomn nuro a n~s o conditions du 1
parts d'olflcacitd sit souvont extrimant diftfile, i quantifier, combat at Is performance pouvant porticipar It on taux
surtout thut dus pilots@ antraindsl, habltuallament p~o roistivomant bas par rapport A, Il'inddnco global@ du

*porti star Il'ntrospection. Do plus, los relations ontro Is syndrome,
performance, prise so "eno gdntrai do terms, at ien
cinkntsa no ripondont pa. & des lols simplas at sont Les itudes do temps do guorre font une place Important.
connoss pour Wte bldlnectlonnellso. su problinm. do transport do troupes par vole adrene,

Ma~4r at Purd, 1949. Dirren, 1949; Hemingway, 194S;
Apris avoir brllvitmont 6voqud l'historiquo du problimo, It Chinn at Smith, 1953), Tous i'accordent pour constater quo
convIant don; d'onvisagor lei Interactions qul existent ontro Ilincidwon dim cintoss dons lea troupes adroportiot ws
clnitoso at performance aft do poser Ins boase d'un particulibroeinnt 6lavia tora dos phase do transport
rillelon star as signification opdrationnalle acloolba du tactique. On rouby. sinai des incidences do l'ordro do 25 it
syndrome, 80 96 salon io typo do vol. En revanche, II no sombla pit

Waster do mention particullhro pour llnterfirence ayes lot
2. FEISIP213M' HI#TORIQUE opirallons do combat Immidlitoment sprbs 11aroportags,

Comma Is souligno Renasn (22), avoc qualquos anecdotes En fall, dons lansombia dio m tudes do terrain on tamps
dapuls Cicoron Jusqulk TE, L.awrenco, lea cindtow aont do do guorro, Il'nfluenco dos cindtomes star Is performance des
longue date prioccupil Ia commonautil m~llitalre. Cos conibartants, on debtors des phas. Wlga. do syndrome.
prdoccupatIons ont Iris cortmlnoment culnilni eta coort do samble oxtrimament difflcilsit quantifier, cc qol eut sawu
second conflit mondlal, avoc It nicaulti do transporter do facileomnt coniprihansible. Coltta constatatlon amino dons
trils large. contingents do troupes, appolia A Aire A onsiddror let itodu do terrain eta do Isboratoire, qul ont
rapidoment engagE. dons des opdrationts do lirands Eel aplcltlquament oonasecrio sux Interactions ontra loa
orevorgursr, Co moud, blen traduit per Is citation do Bard cinitoses atbs porformenco do Popirlatur,
prdsentile plus haut, concernalt asntiollsmant
P'entrafnomant adronautlque, lot opdrations marltimas at'Ia 3. CINWIOSE IT PKRFORM&.NCE
transport da troupes, Lot travaux offactuds trits t6t dens Ia
cours do second confilt mondial ont surtout donn lisu A Plusiours revues do is littdraturo abordont lots relations
una estimation do Ilincidengs does cinitosot sans toujours exitent antr, cindlowsa at performance (11, 20, 22). Commat
ripondro diroctomant ata problime do bs signification pour Roanss (22), on pout dgabament 6voqoer l'upect
tot op~rations. La ravue do cetto question flgurknt dans bidirectionnal des Intaractions antrc cinitosot at
b1ouvrogo do Renasn (22) Conaltto tnan baes do donnica parformance, &t savoir loo orftts des cindtgoa stur Ia
pankul~wlroment intirsassto k cot Allard. performanco atlas offal. do Ia parformonco aur Is syndromeo

do cindtoao.
Chaton pour m~moir. des chiffras concernant los opirastions
amphibles, qui vont do 11% par petit lamps jusquih 60 & Pour cc qul concerno los dtudos do terrain, I& plopart am
70%6 par gras tamps, Four co qclo concerno lea opdrations sont lntdruosdsil sox cindloses provoqucas par Ia navigation
adriennes, trois thimn. assantiels mont distiigula, maritime, mals quoiquas rnatltata sont dlsponibles pour des
Ventrabnoment eta pilotage, los op~rations de combat aWrin situations adronautiqcs.m 1 OII eLa par ailleara do
at les opdrstionso aroportiles. nombrausca ilod.s do laboratolro consacrios & letfet da

diverasom atimtulations provocatrico our I& performance
L'Incidonco pendant lontralinoemnt, rapportle dons ine psychomotrice at Intollectuollo. Comm* to souligno Montey
titudot du temps do guerro, oet roliativemant modesto pour (20), lea Etudet do laborsatoro introdulsont un blala
lo& plotos (10 & 139% scion Hemingway), mole beaucoup Indritabia dons i~valuatiost do Is performance, car Is aujat
plus iuiportante pour boa navigatours (jusqu'k 65% sclon cat consciant ditra obsoesv at connalt gidnralament I&
une itlod d- McDonough publ~s en 1943). Le dodE. do b'dprouve. cod eat donc fortamant msaceptibia do
ratantissomont opdratlonnal to plus Cividant des cindtoses modifior son comporteomnt at sm motivation par rapport it
lora do IPanirsinamant on Icola do pilotage cat I. taux do tnae situation opdratlonnalie prolongde. Cot daxuptsaeota do
disqualification qul pout lour Itreo ttribtad. Salon Dirron i6vuabtaston do Is performance saront euccaaalvemaont
(1949), Co taut MISr on fonction dos aoorces d'Informatlon aborddt,
antre 0,15 at 6,5 Va. D'une manuire plus qualitative, des
sources allides divarees (Afrique du Bud, Etato-nis,
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3.1. rEludes eozprinoatuooti do terral. porormanot; Intallectuolls Cii Pa~himotriet~o -Mnt rivtAG
Al:6rs, Clem Is an pour does tshn do saloul mothimatique

Bien qu'obtenuma avoc dus stimulationsa t on (blen quo coo solt cantrovorad), dootimotlion du temps ot
onvirannomant relativornnt Aloip6 do ce qui sot renontori pour diffirontso tithes do poursultsoau do tradding. On
on waronautique, In donateso provonant dos 6tudu itaI mer note soum ludustonco do digradotions, Iona d'prowuv
$ont Intdrooaontee A oonaiddror, Dos riaultstsaoncient mottant on Jou Ia vigilance suditlve.
avolont dJAh soulignA Is difternce antro.I performance do
routine at Is porformance do points. Coo Signi&l quo, M. CHM do Is porlibrinest sut In dlndtomo
m~ime toat on proie gu sy'ndrome, ian lndivdu qui trauve
une motivation staffloant dens Ilaocomplluoomont do a 11 Weiss on certain nombro do donnies, I& plupam
tihos oat capable do Voifootoor pratlquomont tans ansodotliquo. qul diabliuiont on lion ontro Is ndoonaoll vituls
digradation. Las d~radatflona obinrydo. our diffitsonts toits dlaccomplir une tich. at Is sodvirh du syndromot provoqu6
do performance a011 ouantiitlomont pgsnto. C1211 too par dos stimulations nauaooginlquo, 1t oat habituolloment
proandbro. hourso deupoaltton & Ilarnvironnermont, On a shu obioM un* forts diminution, voireoune dispoartion
pu observer on* diminution do. performances sot dos complits, dos qvnpt~mo lonque 1s sujot as trouve
ttheks dleuatrctlon do dontlon, do ualsonnomont bnaaquomont don. one situation critique ou ozorgst uno
grammatical at do tracking ot, d'un. manibre plus forts domands &our Is plan poychomotsof, Flusolmrs itodes
prolongko, un@ digradation do copacit~i do traeb do Is oxtpklrmsntaloa offoctudour mar coaujot (22), tandent
route (titho do navipltion). Co typo do r~oulitat oat monitor quo too Lichas dirigesont Il'ttontion von In monde
rottouvd dant phuoloora Atudes (tI), on condition ttell. ou asttrieur diminuent Isacinkoso, aloft quo Is conoontration
an simulation. our to. syipt~mes a piut~t tondmnce & Inu acorottre. La

question oat copondant loin dlAtrs totoloment tranchdo,
Parmi lot raroo dtudo. r6alisdes on onvironnomont puloqus Lentte (19) observeoun accrolsoomant do Is idvdritd
adronautiquo, ii foot chato Is travail do Kennedy at cotl dons dia ayndromo provoqu6 par on toet d'lntoraction VIsuc-
do. vola do pdndltration do cyclone (14). Do. digradations voatibutatro on fonation do Is compleudt6 do [a tWho
alpnlfloatives do Is performnance ant ainsi 646 obsorvdoo our vituallo.
one tich. do vighlonco auditivo,

4. AMPCIV ACIUKIJ
Certain.. itudeo ant Agailamont 6td mennesaon miliou
spatial, malo rfarmont avac do. donnosa quantitativemant L'onmnmbio do. donntes Isuuos do. observationsosfftoctudoo
dtablia.. Alint, Reason (22) rapport. cottaina 4liments on situation do guaor atilet dlvorooo itudes our I'offst do.
d'analyso subjoctive our is performance do cooononautoa cinitouso our Ia performance pormettont ddtibtlrt qo'lf
sovidtiquoa montrant one rNduction do Is performance on ali~t. un risueo potential, tint asi niveou do. opiration.
vol at san acoroioooment do I& difficuMitA offeotoor ICt tithes militaires quo dent Is domaino apatilI
demamnddoa. Hettinger (11) inentlonno do. r~aultato
axp6rimontitux r6oonts r~vdlant uno alt~ration do temps do Dana Is praninor coo, coat vdiriabioment Ia probibmo do
riaction at do I& capacit6 deastimation do tampa, sombiant Picacfloolt, on troms do roumito at do odoriti do.
lids A l'sxistoncs ddpieodes do mal do lospaco (21). opdrations, qot oat an iou danm do. situations ott Is ourviis do

combattant va ddpondro do is ospaocit k mottro on oeuv.o
33.. Motiono on liboraloiro dos armaments do ptus on pius complexes it co~toox. Dana

It second, le probibme neast habituallomont plot aoaai vita,
Los 6tudo. our It d~gradation do Is performance rtialidea malt, comrsta toots do colt earitrdmemnt itovi do.
dons do oconditiona do laboratoire smont wrmamomnt optirations saptial*#, i1 &segt pltas d'un aspoct do rsntobilith
nombrcoosn, Au regard do. diff~renta onvirosnamoento quo do odouritd. 11 taut copondent toter quo, dons Its doux
utilaoU, Ica Cutldot cia11uiq do Wendt sour loffot dos goo, on so trouve biosi confronid avoc un probibmo qol, tur
acc~ldratIons varticalea, ainal quo cellos qui ant tuivi our c0 IC plan do Ia signifliction opdrationnoiloe Impliqus is notion
typeo ditaimulaiotto, ott largomont contribud A augmenter do coilt humoin at niat~rial des cindtosos,
lot consajsaauncoo dons Is domain. do Is performanco. LA
coambre do rotation lanto do Pensaola tufnt dgaloment une En gardont on m~moir. Ias donnua.. .riotntoo, it conviont
place partiosaitbro quiat It I quoltiath1& itIdiondoo doo maintonont d'offeosoor une analyse do problims do I&
ostpdrimontationa qut y ont t 6 monde&. Enfin, dioutro siagnification opdrutionnoilo dos cindtowe dint Is contest#
onvironnsnortla rotatirs (oriantis our Io. Etudes on mlieou adronau~tque it spatial actual, Los carwitristiques proproa
saetial) ott 416 uttflsdo (11). I1 foot stoual tatt d'aooo out op~rations adironnes, so vol saptial ot oux probitimo.
nsombrouaoo Etudwo. n slimulatossr,,dont cortolnt Ilias It Ia soulavias par Is survto on mew wanrst sucoooolvoment
simulation do combat adrtan (I15). aborddsso

Effectuft i l'lsoao d'dprouvo. provooatricus, diffironts toot 4.1. Opirstln.. mordon...
physiques at do coordination motrico, cormin Is course, to
lancer do fldcokttoo, I10~ Isirhasorbinos, we sont z~vilds nont Danm Is cadro gdnoral does opkations sariafnno., i coosvtontt
sipiiatlliivomont affoot~s par Is syndrome do cinito. Bit do diaulauguor do. aspects iaeatooo.ee cwnmo Ilontralnoment
rovsncho, "trout dina Is phase 0. ~ o do Lpotiltton aus t Is. transport oddest tactiquo, mile sues, dot Moscato
stlznolationo naoatoginiques, dlffdrants toots do
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nouveaux I16zamu contexts do I'ivoiution des armoments at mat de Pair, soft 19%, Wonr quo Is taux d'echoc Woobal du
dot techniques do combat at decntratnement, coon sot do 33 %, L'autost note toitefois quo parm]t fee 40

616yes qul ont cocault6 pout mal do Vitro lIs tauxt
Las thus prornibtes questions psuvmct itt. abordiot d'611mitution (touts# cause coftfond1AW) attaint 70 W. LO

companatlvament I des situations connute antiriouroment, citiffre do I %s rejoins Womansnt Is caux d'attrition svan.6
terrain automatiqlus ou iua probiltmsa His It li vialonique do Force Meanienc Beige (251).

""wqu, dolvsnt Mtre ivoqui. en time do poptva t do
potentlalti, puisqus, en fait, Hl mists Itr psu do docnsos 3dml, pour termicer cstto ravus des donnis rdcontu aour
dispontibles s ai ci ujot. tincidenedes dhi t iosos Ions do l'antratnsmoct, 11010dB quo

Hbwin at cog,. (12) ont rappond Ito Amtitato N di s oncqim
4.1.1. Appietlasqp at sntralnsmesat loitgltudtttals portent sue isns population do 796 6livia, k

partir des ulocciga cotleatds Ions do 28.4183 sorties
Traditionnsilsment, lbcoool do pilotage a toujours prisonti sffscttsha cur diffirnta typo d'adronfta pondetnt Is court
un content$ prW6i0gl pout IW ddiVs'ppmont do. cintitosca. d'OM*Iota do l'Aironaoutiqus Navals (pormoels navigant
A quolquus diffirecns prita, lifes It livolutlon des matiicla non-pilicu). Solon Is type d'apparalati d1 umersie,
at des techntique. dontranrumoct, cn ool retfolativcment lhMicdncb dols cinnuotos va do 9 It 23 %.. 14w vndusmimnts
mxast. En Wat, It lucite setualls, Is signification survioccztec dant 4 It It % dos sc ati10 performance sot
opirasinomell des sindioacs on deals so ans diouts It considhris comma algnifloatlvemsnt digraudse dana 3 It
conaldirsi on termu do coOt direct at Indirocto, mel& aussi IS %. dos cas
rolatlyarmont k Is situation via It vim du rocrutcmsnt dos
dlbvwapiiotu. L'uamsc do mo chifrtiro montre bimit quo Is ptobIlma posd,

an temps do palm, par In cinhtoaos dint to da cls@ do
Parmi In itudes modern*& contomrant Il'ncldecce dos pilotageseat laod, dens l'abaotu, diAtro Catav;rophiqus, du
cindtonsc lots do i'entratnomect au pilotags, Iea "Ietata moms pottr ao qul concern. Is taut d'attrltlor qul pout tour
rapportis par Resson on 1096 (22) donnent ins estimation &itt. dirictemntc i16. LA codt diuect, sur Is bsim dos #chow
tifi Moavie, pulaqus, salon cat autour, 76 % Amduch6lantillonk at du dMaln dant Is progression, deosnuto tant clouts
ddlbywapilotom do Cranweli a souffort da mal do l'air igalument rolativeomnt modirh, bloc quo, gaickeloment, it
pondant I'ontralncnisnt au vol. Dana ci groups, 1S %. oct no soit pa. slairocuint indilqui, Ott pout ivoctuir copendlant
did attaints au point d'lntcrrompre pthmaturiment in vol. Is cofit indirect dus citnhtos on icoli qol consists on

I'ilmication d'isdividus qul, aills avalent aurmocti lout
En 1972, Lagusy at Coill rapportent, d'aprbs ins ocquiti handicap, sursiont tons dloute pu &le des collects pilotem,

oftsatuU dana ons 6cots do l'Armd do IAir Franp* I neut commeoen timoigccnt lot risuitats abler. As par Stott at
incidence giobale do 30 %., stutemuent S 96 des 6iliss aysnt Bagehow (23), On pout sinai considdrer qu'k terms coo
cocaulti Is midecin du Porsonnil Navigacnt (18). A In mimo Allminations, mime pou, nombrousot, pourt &enet condlutro It
tipoque, Dowd (S) dmst Is jugoniccnt quo let cinhtomes in rslatIf appauvtlaamect do Is quagliti doss pliots& qul, par
domeurent encore un problimto Iris Important dons t1US alliours, dolvent igfalsment ripondre It buiaucoup daouteso
Air Force, particuiliromect dic. Is manoouvtoo daytiona I critira physique$ et intelloctuelt.
haute performancce. It citi Ins riotaitats do Tuckter (1965),
rapportant quo 10 617 %. dob 6Iiviapilotes t oct i attsints Cadi awine i cocalddires Is problims din. It perspective
eta main& uint lois durant liur ectratlnement, 5 V. d'un dc- poialbilitias do recrutoment. Dana in pays comma Is
macibre, rip6tttlvs, aycs un taus d~liliminatioc dil sox France, Is prestigeoattasht I in carribts '1s pilots mduitatro,
"cntowso do 0,7% on particutior calls do pilots do chats. s at monore Irbs

grand. En sonuiqusnce Is combre do aindidastosaoulitaltnt
Doblo (4), in sa fondant air let oommontatret dot pilots. &cchcr It cocte carlibro oat tris, hlsvi at tend miem It
Instrua~ours portant aur uni population do 577 l6yoa, a'accroltrs aim rigutiiromont. Tact quit coil. situation
ddtorminlo ucm incidencce do 24, %. de miaI do lair moddrd durera, ts problinno dot cicitoss Ijout itt. cocsiisir6
at do 14,6 %. do mit dc lair &Ms~v . 11 ant Intirosaunt do comma rolativsmsc: minsur, En revanche loraquiuno
wunaid6rot quo, dint colts 6tudo, Is jugsment do adyiriti du pinurle do pillots. cat recontri., rimultant, par usemple,
syndrome italt itabli en tenant sonupto do it digrudoatioc d'une attrition ilovil,o do pilot.a quslilnia Nol au ditffrssitial
des ~srformances obsarvia durant Is vol, LUnmtor aoulignc do rimrcunration avec In sartlibros cvillas, Wlort it dovient
quo catle estimations~t tomcn& doute utm prudinte, putoqus macs douts plusa Intircomant do teniter do ridluirle im
Picidince des malaise. fltgers ou mime mnodirha a pu M~rs ilimlnetiosan schols do pliotaile.
soua-ostirnis do fait do Ia mnithods divaluation cmpicyio,
rvur autre ýMtd, ten ctuiffrcc, rd~ultanl Jc cults itudo act one Pour Wie cociplet, 11 faut par ailliona osiviasger is contents
valour importanto sur Is plan do lit signifloatlort particulior du tompa do guerre. Dana uc cosiflit majsur on
opirstioccoile dot cinitoosta, pulaque ivaluant dirwoteont pouit sappolor Io esrarieus do peratl dievied,
loffeat tur In parformancc, En 1977, ayes ins mithodologis vralsomblablemont diefiles. It combler rapidemeont. Sn
ralativiment Iddctiquc. Osilo.ToymensAu (8) eatims quo 30 offet, In compludthi dot evions do combat modcmssn
iSO V0. des ilivwtpilots. souffhont do anal des transtports It implique in sntrahuciontwt rellativimeci long t, At auppowa
des dogma divers durect lowr entralnemont en #ool., quo I* matrial pulses itt. rompisal rapidomon4t on pout
Coepndant saulament 5 ilivasi cur 492 oct 616 dlimtnu pour doistor qus to cthcinlmsn dioI Is itrtnatioton icaloos pulsea



jouor orticeenont ot quo ]a Mal do l'atr y sit un r~lo dons I& population do pilotos do chauc (16), au momns 25 %
silinflostif. des pflotoe nonnalomont Adakptes ant Unan sumoptiblilti do

buse qui pout INs rondrs sonsibles it des conditions do vol
41.1J. Vladrorbillltl do masi A tom. inhabituelles ¶
LA miss It teran do troupes akroportoa oonatltuo ilgelemnst L~e sulM do terrain automistique comports doux types do
tan contests favorable aua cddclmchoonet des ciatososs. Lea ceractirlatiquu propicos ata ddclenchemntet du syndrome do
conditions du transport pedokdat Is largags seat, bon sAr I& cindtose Tout d'abord, If pilot* Wesnt plus dlroctement on
source asuontilell do problimes mooonuris. Poor Ochappor conktrill des dvalutlons do Vavion ot so trouvo done dama
it I diteotion, des radon et bin~iiforo do Mofet do surpriso uone situation do pasloger. d'autro part, ien 4olutiona, do
nicoumdark Ifl riussits do i'opkation, lea vipporall do laopparoll, constltusos typiquarmont do successions
transprts taniques sont ameands It ioluor & trig baow daweddration Os pouitivos ot negatives at do viragoes, sont
altitudo, pendant dam duroe relativomont longues (1 6 2 par ollosmilmos hautoment susceptibins us provoqluer
hourso). Dama cui conditions Is taux do saijots souffrant do l~apparition du syndrome. Coo doux conditions Mant
41114106 Pout Issintdre 8096, COMMo1 on tfimoignent INo rdualoa. ont pout done penser quo t'sppartlton inslidleuse du
rioultats exprirmontaux: obtonus par Clalban ot coil (7), met do lair themo tn ploto opirationnoll eyant par sillours

Unan tide. coiplass 11 otloctuor, connatitue una 0oll0 Mongol
11 soa, on gdndrai1 roeiatvomnnt diffloiloa do obhifrr Ilimpact pour If qualltd at is sdouritd do Is mission, du moins Jusqulk
exact du mil do l'air subi durant Isyto volutr lolflicacisd dusa cc utano, habituation It cam conditions do vol alt prim place,
combattants aua sal, Compto-tonu des observations du temps En failt, on debars do rapports do pilotes ayant offoctud iot
do parrro ot dos rdsuitata esdrlmentault otar Is performance oasio on Yol do co typo ds systilmo at des donndoas
at I"o caintoses, on pourralt ponsor quo lolefft direct anhodotiquos, ce problimo no somable pas rdellosnont avoir
domoure relativontment moddrd. 11 toaviont cpepndant da 6t4 docummnt6 d~une msnllro sdrtouss,
poussor Ist riflation plus loin, En Wet, los& opdrations do
transport do troupes quo Pon pout attendre do contextso En revancheo, II caxsto quoliquus dldments ooncernant lee
hautomoent tochnologilqta du combat modomoe en Europe diaspositlf Wedald it I vision nocturne, Ainal, Comuni at Coll.
sent relativemoent peta propicos atax trio pondsi mouvomonts (3) ont rapparti loxistence do problbmos do cindtose dons
is soldiant par des "Yomlssmemnts do masse hlstorlquue. leontratnomont at iiutllloation opirstionnoill dom sysibmus

daldo 11la vision nocturne do Ibliclloptilro d'attaque AH644
En revanche Io dipisoomont dim menaces it Iemadriour du "Apache". Los mtcsnismes on cause &ambient gtre
thilitre *uropian pose is problime do lIntorvstition Vl'dstsltce do problilmos do paraflaxie, reals on pout
ponctuollo our tan point chaud do troupes didli1to amend.s t igaloment siappoaer quo Is restriction du champ do vision
ongiagor to combat trio rapidlomont aprits lout Miss It torre, ontrataio par Ilutillsotion dsn systimoo pout dgismont
11 ne *segt plus lI do 101st hsold do real does transports jousrttan r~le don# liopperitlmn des syrept~mes, 1A
oipris un vol tactlque do quotqtaos honsea minis bion do celui signiastion opirstionnollo do cow troubles, an dlebars do
du stress comrbin (fatigue diun vol prolongE, perturbations lour incidenco star lontratnemonw, sot oncore mat connue,
circadionnos, changoement do "lnat) olt IN, olnisosos On pout capondant aupposer quo Imistence dma syndrome
pouvont contribuor it augmenter Is vulndrabiltO do reiss It dons dos conditions opkdrs onnefll, pout affector
tonfe. sirioseimont touti bion lloftlacit quo Is "oArit diuno

missicin d'ittaque nocturne, dEJA dllfticll an alloenilme,
4.1.3. ZdMeIatS nouveaux

11 conviont onfin d'dvoquor tan demulr point rolstivomoent
Par rapport aug donnils, cluasques &our Ilncidonce dot nouveau qul st Ilutillaation Litstsiuve des slreulatours en
cindtonss dama los opitations adriennos at lotw slgnifllation panietalier dee simulatours do combat marten, Do
ivontuelle, plumiours El6ments nouveaux so3nit &consldiror. nomtbrouses Etudes oant montril quo Nnlidonce du met des

simulatour Atalt relativoanont ilovde (2, 10, 1I, 17), Pour
En premier Uota, aussi blen le& machinste quo lW systmas lKonnody(1 cc probtime va, susceptible dlentrainar mne
d'orm. et Is& mAohas accompllos par lee Equlpages sens certain* r~pugnance A utilmer co typ do slmulatours, 11 no
dovenus esstrimormont complexes. D'une ntanilk coroitlaro, sombis toutefaisi pss quo insoafiots socondalres des
comtts omplusltd oat assoocido I un coOt trio dlovi des simmalatoura do combat puissant &itr offectivenoiet
adronots do conmbat at do Ia formation doe iqtialpsa. La intpliqtsill dons des problimini dAofseohdt ot do sdardtwd. It
formation dion pilot* apirationnol oonsitue tan sfoht coepodiant duot problibme sulflsaniont mignifllctif star
investiasement iris Important, tout coreme laopparoht lquila to plan ophationstel posut quo I# comrmademont son
dolt mattve ont oeuvre, inquilta tnt pour at qul concern leifloacltd do

lentratlnemanet quo son arganisation.
Omitsro e considdrations, do nouvoltes, conditions dosmplol
sont mpparuoos, hautemesmi suscoptibloe do provoqluer 4J. Opirations spOIstae
i'spitriflon du syndrome do. indiosan tnmediii s doe
pilot#& adaptide ami Avoltations Modrone doe avions do Los retontlsasoet **sdrtonnal du real do Peqiac sfor lea
com~bat modernos. Co sent an partiesllor lot shfots dt suM opiollais spothlao .octsstua tn point drlntird lanportan
do terrain outomatiqueaa t las problitnmo lis I Ivlutiluotion tent pour leImplctin do "rentbilWIC .11lio pout
des dhapei"M dlad It is vision nootusmo Ot, It opparaft quoe mosployer ac teram qoo pouw ls edatotd Co lt intb a dii
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rccornru assiez t6t dens to d6vcloppoeont des missions dohors do cas particuliets, comme lett incidents do transfort
.1spatillem habitilo at a dirwoomont all indireotemont matinS do t16quipago d'un vatissau veto utto station orbital.i, to mall

do nombrous. dtuds. do loopac pose rolativement poll do probilimes damrn o
s6jaurs do longue dune., En rovanchs, Ins vol& courts

Laos donn6wa connuoa I at jour font dtat d'une incidence comportant un programme trio chargi mont
volinno do 50 %, tuskt bion aw routs dos vote ettettaux partlicoumaiot suscopi~btms d'kro, affectiei out Is plan
amfirclmlns quo aoviitlquu (26, 6). 11 ediats dus doutes opdnttonnall. I1 Wait coptandaint rectonnoftre quo, aur
quont It Is *Advat respoctive deo syndromo. prisontili par boaauoaup do plans, Ion promilir. hour.. pusodo. onl
ost satronautes amintoaitu at Io. caunonautoa soilitiquos. Imlrnoontour sant gliniratomont In plus critique&. En os do
Pout ea& dornilors, toentralnontont vostibulatro intenal! croonutanoes vSidabtoment eoooptionnolltu mnottant on jell
ouquel Iits ont soumtia evant Is vol pournalt contribuor it Is odcuriti des opdrattans dan& lIn 36 prndmhiae houros do
riduiro Is oliviritil du malaise provaqtuh par t'odaptatton otuo mjour, on pout toujourm ligitimament so posr is questton
conditions do micralproviti. En falt, at ton pout avoir uno do l'Impact quo pourroit store avoir to mul do tospaca.
uses bornno We do lincidanco globolto dit mat do lupine.
dani tIo iqulpagee, Is oiviltiti des uympt6nma andurda ase 43. Survie on mer
un point beaucoup plus diltoat It ilvaluer. Pout In
opinotilona do I& nanette spatWal amrnIrtalne, uno estimation 1t oat notates quo li. condittons do survio on met sont
courantit donna tudstaence d~un malaise a"to ot prolongSl pmfttstaitiriniont proptc aa m d&VOloppoiMant do$ dkiltoon
(done rolatIvemont tncapacitant) chat un astronaut. taut to. coming Is souligno Roaan, nitant Liman (1955), avoc des
trols Vales chifino. do 60 % d'incidoncoo dane to. dqtapatin abattus an

mer, Sant fourair do donnelas statistiques prdint.. 11 avanco
La sig~n~cation optirattonarolto du mat do tlospaco, at tan quo, dana cotta situation, to mat do mar paurriat bion aovat
soan ttont mux incidents qut ant ditl rolovdi aul cours do Volt contitbud It It mart on hitant to proceasua do
spatisuit, nest pa. errtrimornnt "vdent@ it Ovuluer. Homick dishydratation,
(13) a risomment sxpoai Vi'tat do Part exitetnt dama co
domauin. otto letmpltcattonsa ntraltnio pourt Is conduits do. L'ivonrtuati: d'obsorvattan dijoctions on mor ltor
opilrations do ts navoito adirtatlno, Pium qu'uno d'opilrattana cambinios adromaritiinos au aironavals eall
Incapacitatton total@, Is manque d'Initiativo do. atajots loin ditto nigollgeblDon Dana cotnditions,. Idiot do Is mor
attatntm pout reprilsontor un probtlimo, Los observations vo conotltuer un point Important dam na chances do murvlo
oflactudes par Thornton (24) manirent quo lon aujote des personnel&, La rocheorche Mrs. d'autant Pium dtffictlo at
kttatnts acsomplisaont giniraolmont corroctonient lin solon touto prababtilltt tongue quo lei conditions do met
tichos quIltour sont asepigni, matl ant tondanco it so waernt matialwatms Las angina do sauvotage Individuals mont
limiter utrictoment It Vtnlaulponaabt., En fait, H otatoalto gidnirallomont stalitnquat o ism comportmnt sommo do
naturotloiomnt tame sortei do compensation, au soin do viritablos bouchona stir to mat, go qui taovonise
li'quipago, do lantivitil dus plum attoints, qut aboult It & onaidirabteomnt toapperitian, du met do mor. Los
l'occamplissemnt do lenseomble des abjoctiro at do. ticho. consiiquonnos woit on gintrol triplem (9)i ratontismeemnt sun
privums (resnhka), lea baoisom hydra-mtndraux, attatnts du poychifamo,

aggravation do. little patholagiquos intorcurronta,
Sur to plan prattquo, an rellive un cortain nombre do cia ala
to mat do loapacot a itetrfiril diroctoemnt avon: do. activitiat Labaiuttasoment du mat do mer oat l'apparitlon de
opirattonnolloa programmine, Aitno, lots du programmng vomissemenito tncoorstbloa qut augmontont do fagon
Apolla. pltamioura incidents mtnours ont ItS notias dont to considdrabto In portea hydro-mtniralea. La probilime do
pius slgniflnatif, lam du vol Apollo 9, a motratnid un report ti6qutI~bra hydro-mlnilral dent Ia sutvie en mer oat ditto
d'une boumS. dent to programme. On note igsaement quo toutes In conditions extrimemaut critique du fatt du
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SUMMARY

From a conceptual viewpoint, individual differences in susceptibility to motion sickness are
determined by differences int initial reactivity (receptivity), ability to adapt to the motion, ability to
retain the adaptation during abstinence periods, and ability to reinstate adaptive-responses upon re-
exposure to the motion. From a theoretical viewpoint, the adaptive adjustment involves alteration of
the timing, magnitude, and direction of sensorimotor reactions so as to increase the efficiency of
postural control in the motion environment, However, the threshold linking the sensorlmotor adaptive
piocess to the processes that ct-off the signs and symptoms of motion sickness may also be an
individual 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 aSe, mental activity, anxiety and fear, perceptual style, physical fitness,
active control of the inducing motion, concomitant visual stimulation, quility of the initial exposure to
the motion environment and conditioned motion sickness are discussed,

INTRODUCTION

Motion sickness is a significant problem in every major form of modern transportation,
including space travel (Homick 1979, Homick eLaL 1984). Inpassengers, its effects range from
mild discomfort to severe disturbance, and in crew, effects range from lowered enthusiasm for work
to incapacitation for any useful activity, Extreme prolonged sickness is a threat to survival, In flight
trnining, air sickness is a significant cost due to increased training time and attrition of some otherwise
well-qualified individuals. Operational significance of motion sickness is reviewed by Leger (1991)
in this volume,

Motion sickness is a normal response to an abnormal motion environment, and it is likely that
anyone with a functional vestibular system can be made sick by any of several fonirs of provocative
motion, However some 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
susceptibility and with factors other than the motion itself that alter the sickness incidence. The
chapter by GriffIn (1991) deals with characteristics of motion that influence sickness incidence,

The Scope of Individual Differences

The magnitude of individual differences in reactions to provocative motion can be clearly
appreciated by exposing each of 20 flight students to a sequence of head tilts during whole-body
rotation at a speed of 15 rpm, It is probable that one subject will describe the experience as"absolutely dreadful," to use the scale of Lawther and Oriffin (1986), while another will find the
experience interesting and not disturbing as indicated by requests for repetition of the experience with
stronger stimuli, Amongta group of individuals who have chosen a career in aviation, similar in age
and background, a few a bhor and are visibly incapacitated by a motion stimulus that a few enjoy. The
immediate reaction to such a stimulus foretells subsequent sickness If the exposure Is continued,
although prediction from initial reactions is far from perfect, Nevertheless immediate reactions are
significantly correlated with subsequent problems in aviation (Lansberg, 1560, Ambler and Cuedry,
1966).

Immediate reactions to provocative stimuli fail to reveal the scope of important dimensions of
differences In reactions to motion, Some Individuals recover very slowly from a given level of
sickness while 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 easily
identified in seasickness, where ample opportunity to adapt fails to yield imnprovement, While t
members of this class are rare, they should be studied in detail to answer some questions that will
arise in this chapter,

Nature-Nurture

From earlier considerations of mechanisms of motion sickness (Guedr, 1991), we Infer that
motion sickness susceptibility (MSS) would be dependent upon the Individuals 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 histories but their current state of adaptation will
depend upon intrinsic differences in adaptive capacity and adaptation retention. Thus, immediate MSS
of Individuals Involves the classical nature/nurture problem of understanding human behavior.
Because motion sickness is a specific and fairly measurable aspect of behavior and because exposure
history Is also fairly measurable, advances In the understanding of MSS may also provide an approach
to the greater problem of understanding human behavior (Mirabile, 1990),

MOTION SICKNESS: AN ENDURING TRAIT TTHAT CAN BE CHANGED

Based on the conceptual model presented earlier, tnissmatch between perceived and expected
spatial orientation reactions initiates two processes - one that alters the adaptive state of the individual
and another accumulation process that leads to the sickness syndrome. In turn, the adaptive state of
the Individual depends upon 1) history of motion exposure and 2) how the individual reacted to and
has been shaped by the motions experienced. Figure 1 deplots factors Influencing individual motion
sickness susceptibility to a particular motion of stimulus. Adaptation achieved in a motion
environment depends upon the activity of the Individual In that environment - what the individual has
been required to do or wants to do and tries to do. Adaptation to aviation In Individuals whose
exposure predominantly Involves piloting and learnin to pilot the aircraft differs from adaptation
developed by Individuals whose exposure, though equivtlent In hours, is that of a passenger, Pilots
sometimes become sick when they are in the back seat, History of exposure is thus not a simple
accounting of type and number of hours of exposure, It Is complicated by the fact that the Individual
patrtially determines the history and the history changes the individual.

In addition to the individual's long temi motion adaptation capabilities, other personal factnrs
can alter immediate susceptibility to a particular motion envimnment, Examples of temporary

Motion History

Whet kind? [What Job?1
How almillar? Pat
How much? Preownt
How recent?

F~uiarSuoeptlblillty

I"" AdnI 
4 irrlsx'

ap ve a k
Adeptailon Rutentlon Prrgispo ilj 1
Adaptation CapacItyctr

Molion Adaptationcatl

Constitutlonal Factors

Figuie 1, Factors in ivdividual susceptibility to sickness with particular motion stimuli,
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redisposing factors are temporary gastrointest~nal upset, inner-ear inflammation, alcohol Ingestion,
eadache, and perhap- savere emotional involv .ment in family matters. More enduring predisposing

factors inclnde tfie psychological characteristics that determined the individual's selection of past
motion environments, Individual adaptive strategy and effort to perform within the environment, and
perhaps individual fear of the environment itself.

Evidence that motion sickness is an endurina tam has led to much speculation about personal
characteristics that caure this "weakness." The evidence consists of the fact that individuals who
become sick with one kind of provocative motion also ltnd to become sick with other kinds of
provocative stimuli, i.e., susceptibility Immi to h'e constant over different motion conditions (Gtraybiul
and Lackner. 1983, Crampton and Young. 1953, Kennedy and Graybiel, 1962, Hiximn tlIL 1984,
Lentz, 1984). Individuals susceptible to motion sickness early in life ltnd to be t'oubled by sickness
later in life. Motion sickness is an enduring trali over time and type of motion. Motion sickness
history questionnai-es are perhaps the beat current available predictor of sickness in new motion
environments (Kennedy u&aL. 1990, Hixson CLAL. 1984). Part c-f this section deals with
mechanisms that might be the basis for idiosyncratic reactionp.

The evidence that suggests that motion sickness is an enduring trait also suggests conisiderable
independent variation, The correlation coefficients over different provocative stimuli are not very
high particularly when large samples are studied, Motion sickness big= correlates significantly with
provocative test scores (Lentz, 1984) and also with sickness in operational environments (Hixsor. U
aL 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 predictor and the criterion
(Kennedy utL. 1990, Reschke, 1990) which limitn the prediction correlation, almost certainly some
of the weakness is attributable to changes in some individuals, and not to elastic measurement. In our
studies (Prewitt 1975, Lixson elAL.. 1984) somn 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 siulator mickness, while his beginning flight
student does not, also illustrates changes that occur through experience with particular motion
enviiJnments. Part of this section will deal with factors that would serve to change motion sickness
susceptibility In individuals from one time to another.

A CONCEPIUAL MODELANt) FALTORS TIIAT ALTER SUSCERIfBILITY

Figure 2 will serve as a g'uide for reviewing mechanlssms of the reaction to motion that
contribute to idiosyncratic reactions as well as to changes in reactions of individuals over time and
over different stimu!i.

• PuVol lo
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Figur• 2. Conceptual Model of Mclmhit'nis of Motion Sickne•i
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The Motion Stimulus

On the left side of Figure 2, is the motion i tfmuluA The fact that motion sickness llda to be
an endurlig trait over different forms of provocative stimuli seems to lead some Investigators to the
idea that, as far as motion sickness is concerned, all peovocative stimuli a'e qualitatively alike, i.e,
they differ only in regard to how much sickness they generate. This idea, if wrong, leads to
Inappropriate interpretation of experimental results, Modon stimuli that are equally provocative can be
quite different in some aspects of the total psychological and physiological reactions they generste.
DifTurences ir, particular aspects ofthe total reaction could determine whetho or not measures of some
"predisposing" factor such as trait anxiety achieves significant correlation with reassures of motion
sickness generated by a particular stimulus.' Experiencing the obviously safe off-vertiCal rotation at
12rpm In a laboratory differs considerably from the Initial experience of acrobatic maneuvers In high
pennrmance aircraft, Differences in psychological impact of motion am more subtle than this example
would imply, L.e., differences are not necessarily ascertainabl from a 'common sense' evr.Juation,
For example, off-vertical rotation in the dark at about 15rpm is not at all unpleasant initially. Subjects
find intemesting the fact that the path of body motion they perceive is quite different from the true body
motion, For those made sick by this motion, the pleasant reflection on an interesting experience gives
way to 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 immediately fearful of the experience. Both stimuli involve canal/otolith
missmatch. both induce sickness in many subjects but the immediate perceptions of the two sttmull
have qulie different emotional overtones - even to those made sick by both stimuli. It is curious that
only a few individuals find the cross-coupled stimulus sufficiently interesting to want more of it
whereas most subjects find the off-vertical stimulus interesting and want to observe it, until sickness
symptoms begin. Differences in the total reactions to different motion stimuli may explain some of the
inconsistencies in this challenging arcs of research.

Motion Sensors

Because absence of vestibular function confers immunity to motion sickness (reviewed in
Reason and Brand, 1975), measures of vestibular function have been explored for their potential
relationship to MSS. Thus far, vestibular functirn, as tested, has not shown a clear relationship to
MSS, other than the immunity that complete loss of function confers, With very few exceptioos,
measures of vestibular function in these studies have been limited in scope and low in reliability.
Kennedy etaL (1990) provide a convenient tabulation of relevant studies. Bies etaL (1984) found
that rates of decay of canal-mediated responses to impotlse stimuli, the often-investigated
'cupulogram', (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
appeared more frequently than expected in caloric tests of the seasick group as did unusual visual
innfuence on body sway (see 'field-dependence' below),

Results of Bles CIAL (1984) suggest that adaptive capacity may be depleted by the recovery
from partial loss of function, leaving some individuals, whose capacity may have been marginal
initially, chronically motion sick, when exposed to a provocative environment. Following sudden
loss of vestibular function, motion sickness is generated by ordinary voluntary body movement for
several days and weeks, until adaptation to the loss (or partial loss) o.curs. Physicians would like to
have tests that forecast individual adaptive capacity when the treatments they me considering threaten
the loss of vestibular 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 adjusted to compensate for the reduced vestibular component,
Adjustment continnei u,,til atitonnaticity in the control of body motion relitive to the earth is achieved.

Failure to find clear and itrong relationship 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 ellipsei and finding the cupulogram slope is more imaginary than measurable in many
respomses. Measurement of vestibular futwtion and its Interactions with other sensory motor systems
is improving and technical advances will enable assessments thpt are far more adequate than were
feasible in the past. Exploration of this area, particularly regarding interaction measures and their
changes with repetition, is far fIom complete but it is still a formidable challenge.



-- t

, ~Percptual.Motor Adaptation

Reason, in the course of a well-organized study of motion sickness (Reason tL.L 1969-

1978). proposed that a large part of individual variation in susceptibility is attributable to individual
receptivitX, a, and reention of adaptation. Receptivity, which refers to idiosyncratic
processing of sesoy noratoniferecp~esin ofsensory In ormatlon by Viae central nervous system, was inferred from studies (Reason,
1967a) showing relationships between motion sickness history and the slopes representing the
relationship between response magnitude and increments in intensity of different sensory inputs. The
idea Is that some individuals characteristically damp down stimulation 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 rLdaptation. If in our conceptual
model we assume that those who have high receptivity also am strong reactors to sensory nissmatch,
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 adaptation 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 enough to reduce micsmatch before the
neurochemileal link achieves threshold level. While our studies show some relationship between
itmimediate reactions to provocative stimuli and subsequent airsickness susceptibility, many individuals
with extreme reauctions adapt quite successfully to aviation (Guedry and Ambler, 1972, Hixsort ALaL
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 area represents hypothesized components of perceptual-motor adjustment whereby missmatch
magnitude is reduced which in turn lessens the chance of sickness.

Autonomic and Neurochemnical Adaptive Change

In recent years several procedures have been successful (Bagshaw and Stott, 1985, Jones ct
IL, 1985, Stott, 1990) in treating airsick aviators. Most procedures employ repetitive exposure to
cross-coupled stimulation incrementally increased in magnitude In daily training sessions until the
aviator tolerates stimuli considerably stronger than were initially tolerable, During this cotditionlng
process, changes in perceptual-motor response to theprovocative stimuli occur but there is reason to
question that this is the primary source of protection for the aviator. A recent summary (Stott, 1990)
shows that a range of procedures have been successful with airsick referrals in different branches of
the military services and in different nations. In recent years, 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 appears 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 laboratory we
suspect that adaptation to off-vertical rotation is also difficult. This is an important area for in-depth
study. Hlow can adaptation to incremental cross-coupled stimulation transfer to the flight environment
if adaptation is minimal to low frequency vertical linear osculation or off-vertical rotation? The
effectiveness may depend upon improved control of the autonomic aspect of the reaction in the flight
environment. vhich is actually less provocative than the sustained unrelenting stimulation that occurs
with off-vertical rotation or with steady-state vertical linear oscillation. The flight environment, even
in acrobatic training, offers many fairly sustained recovery periods between provocative maneuvers
which are anticipated before they occur.

A procedure called autogenic feedback training (AFT) concentrates on bringing the autonomic
component of the response to motion under volurary control. Cowings (1990) proposes that AFT
does not involve percoptual-motor adaptive mechanisms but rather increases the tireshold to the
neurochemical link. In other words If the autonomic aspect of the total reaction is suppressed then
the arousal due to missmatch would be reduced thereby reducing neurochemical build-up and also
motion sickness. We might a-I;o expect that if APT reduces misematch arousal, then perceptual m.tor
adjustment would also be obviated, if the task and environment permit effective function without
perceptual.motor change. Because the adaptation procedures used in treatment have not been optimal
for perceptual-motor changle, this may be an appropriate view of tei effects of some of these
procedures, Including the APT of Cowings'. On the other hand, it is clear that environmen.s that
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demand perceptual-motor change for effective function (Melvill-Jones, 1985, Guedry, 1965, Guedry,
1964) yield dramatic perceptual-motor changes that parallel reduction of sickness and are probably
instrumental in preventing sickness. Conditioning with optimal conditions for perceptual-motor
adjustment may yield beneficial transfer effects by improvinll 'learning-to-learn'. Perceptual-motor
adaptation appears quite stimulus specific when tested soon after the adaptation procedure but after
several days, more general adaptation becomes apparent (Guedry, 1965). Intensive incremental
exposure to cross-coupled stimulus seems toyield more general adaptation (Grayblel and Knf-pton,
1972). It is likely that both perceptual-motor learning 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 perceptual-motor change and adaptive autonomic control, involve
something akin to learnink. However, Oraybiel and Lackner (1980), who found no evidence for
correlation between signs ot sickness and physiological Indicators of autonomic activity, challenge the
valui of AFT, a challense 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 a concensus for a linking threshold in a conceptual model. Whether the
threshold can be modulated through conditioning, 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 perceptual-motor adJustment to the sickness syndrome is subject to
conditioning is suggested by evidence for conditioned susceptibility to motion sickness (see Fox,
1990). Money provided a convenient summary of evidence for conditioned susceptibility:

"There t.re 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
have 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
give the same response as the associated stimulus alone. Everyday reports 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 (was] 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 studies in which
conditioned vomiting was achieved (41). Again, although mmny repetitive swing tests
of dogs have been reported (27, 213, 230, 294), only one animal is reported to have
vomited as a conditioned 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 thise of Money).

Psychological Aspects of Motion Sickness Susceptibility

The Idea that motion sickness is a byproduct of a protective mechanism against neurotoxins
(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 correlaes suggests that
MSS is, at least in part, an enduring psychological trait. The autonomic reaction to tiotion stress is
individualistic (Cowings, 1990, p. 356)in 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, anxiety, 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 a nonemotional manner with stressfd
situations, whereas susceptible individuals may be more likely to manifest emotional responses in the
smane situation." These authors were careful to point out that their findings were based upon extremes,
susceptible And nunsusceptible, In a very large sample. Put in aviator training perspective, scales
designed to measure theme personality traits yield statistic ally significant but !ow correlation to motion
sickness as rteam'mrd by questionnaires; and motion sickness history questionnaires yield statistically
significant but low caritelation to measures of air sickness In early stages of flight training; and measures
batted upon an entire early stage of nlight training have a correlation of about 0.6 with the next stage at
flight training (Hisson UAg, 1984). This means that a number of individuals with high scores on
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ne'roticcsm, anxiety, feminism and introversion will have little trouble with airsickness in flight 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 motion sickness susceptibility.

Fear and Motion Sickness

Physical characteristics of motion stimuli and factors other than fear and anxiety are the ptincple I
determiners of motion sickness (Reason and Brand, 1975, p.192) but some of the symptoms that
accompany fear and anxiety also are associated with motion sickness, In some motion environments,
like that of the student pilot, anxiety and fear may heighten arousal to the point that subconscious
perceptual-motor adaptive learning as well as the learning of flight tasks is impaired and in our model
increased arousal may hasten sickness end-points. But fear is not a primary factor 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. Expectation 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 stimuli were
p resent at the time, These include sights, sounds, odors and, most important, the stimuli
from motion itself.

3. The specific habituation 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 occurs whenever stimuli are repeated.

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

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

6. Airsickness 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 types, e.g.,
anxiety neurotics, who are 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 suggestion, conditioning and of inexperience are
authenticated by laboratory experiment, by the general testimony of those who become
airsick, and by statistics of sickness rates gathered from flyers. It is clear that these are
important contributory factors."

In 1948 Wendt was attempting to correct the idea 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 addition of all the personality items predictive at the .25 probability level or
better to the I per cent scoring key served to raise the cort'elation Ix.tween questionnaire
scores and the airsickness scores only from +.43 to +.45, From these data we conclude
that airsickness was to only a slight degree associated with such personality traits as were
measured by our questionnaire, (Wendt, 1948, p.28),

Wendt clearly includea several psychological factors as potentiators of airsickness. In this
connection the simple preventive measure of an introductory lecture, explaining airsickness 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
whu:,e perception of the verticality of a line seemed to be controlled by surrounding visual framework
and those whose perceptions were more controlled by body cues so chat judgements could be made
independently of the surrounding visual framework. The former were referred to as fleld-depedent
(meaning visual-field-dependent) and the latter were referred to as fleld-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. Subjects were
either seated upright or tilted relative to gravity or relative to the resultant force while enclosed in a room
which could be tilted relative to gravity or to the resultant force (generated by a centrifuge). The
pronounced individual differences seemed to 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-dependont, and men
tending to be field-independent. This parallels differences in motion sickness susceptibility of men and
women, He then correlated Rod and Frame rest (R1T) scores with a variety of non-orientation
perception tests. Significant correlations led to the conclusion that particular modes of perception
"represents a deep-seated characteristic of the individual," Proceeding on, Witkin (1950) examined

relationships between the P.FF 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 to motion sickness susceptibilit was the conclusion that those who depend upon visual
experience in their perception of the upright tend to be characterized by passivity and anxiety, lack of
self-awareness and inability to organize coping responses (along with other seemingly undesirable traits)
whereas field-independent (Fl) people, "who rely mainly on postural experiences", tend toward
self-assuredness, 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 findings are not consistent, Reevaluation by
Frank and Casali (1986) suggests relationship between field-dependence and motion sickness
susceptibility, rhe spatial model in Figure 2 may be subject to some 'deep seated characteristics of the
Individual,"

The following differences between studies probably generate apparent inconsistency in results
between studies of relationship between field dependence (FD) and MS?: 1) Studies that involve only
subjects with minor differences in FD. 2) Studies that Involve only selected extremes in Fl/FD, 3)
Studies that involve provocative stimuli that are minimally provocative. 4) Studies that use stimuli that
are inimediately highly provocative. 5) Studies that differ ,onsiderably in the qualitative aspects of the
provocative stimuli. To ignore the qualitative aspects of provocative stimuli seems unwise when
searching for personality correlates. The least attractive possibility to those pursuing this area is that the
ideu should be discarded.

Continued exploration In this area may be fruitful particularly if interdisciplinary teams are
involved that include ,aembers with substantial backgrounds in each of several key physics of motion
stimulus areas viz., motion stimuh, motion sickness, vestibular function, perception and personality.
Individual differences in thA dynamics of the response to some motion stimuli are very impressive.
During deceleration from a 3 G, centrifuge run, the otolith system can be stimulated so that It signals
essentially upright posture relative to the earth while the semlcurcular canals signal high-velocity forward-
tumble (0 iedry and Oman, 1990). With subjects in complete darkness, a typical perception Is that the
bxoJy pitches forward to approximately a 90 degree nose-down position where it remains despite a
persisting paradoxical and confusing forward tumble angular velocity that Is supeulmposed. It is as
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 perception because
a few subjects report head-over-heals tumbling during this same stimulus, as thoughl their otolith (and
proprioceplor) position information were completely overcome by the canal information. Howard 2
(I 990), 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

6!.

er':,!. -• • . .ý4



5-9

gravity only so far, el., 45 degrees, by visual pitch vection, but a few experience pitch tumble through
several revoludons, Exploraion of reladons of these individual differences in relation to adaptation to the
aviation invironment and particularly the aerospace environment may prove interesting.

Sex Differences

A consistent finding is that women are mor susceptible than men to motion sickness (Money,
1970, Reason and Brand, 1975, Lentz and Collins, 1977), recently confirmed by Lawther and Griffin
(1987, p.986) for ship motion (sea-jolng ferries). Incidence In women appears to be heightened near to
menstruation 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
conidering aviation as a career, It would be interesting to determine sickness incidence among women
acc¢ording to physical fitnes level, Several recent studies have suggested that exceptional aerobic fitness
in men increases susceptibility to motion sickness, possibly due to hormonal changes (Banta "t el, 1987,
Whinnery and Pumell, 1987, Cheung, inLAL, 1990). if extreme fitness in women has hormonal effects
what will be the effects of exceptional fitness in women on motion sickness susceptibility?

Motion History

Every aspect of the vestibular-medlated physiological reaction to motion seems to be modifiable
by previous experience and it has even been suggested that the nphical reaction to acceleradve 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 heir cells. The modifiability of responses by
experence tends to cloud detection of endurina idiosyncratic responses because responses of individuals
can be changed and the changes can be long lasting (Reason and Diaz, 1972). As Indicated earlier, the
motion environments that constitute an individual's motion history are ales, to some degree, determined
by the individual's The environments entered, and the activities In the environment are

rtlonalit of the individual. Thus exposure history and personality are
tertwurrent t of the individual

A number of questionnaires have been developed In efforts to obtain quantitative as well as
qualitative information for motion history and motion sickness history; see reviews by Reason and
B rand, (1975) Kennedy a (1990), Collins and Lent7, (1977), Many questionnaires were developedin pursuit of the idea that motion history reveals perceptusl~motor and autonomic-response ndaptation
opportunity and sickness history reveals idiosyncratic sickness susceptibility. Another idea (Prew.tt,
1975) Is that the individual's motion exposure history, particularly early In life, has been critical in
development of many enduring characteristics 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 inexposure to motion might have developmenta implications has been a matter of
substantial interest recently (Peto, 1970; Ornitz, 1970; Prescott, 1971;
Ouedry, 1972), although the Idea .I. is not new (Peter1en and Ralney, 1910).
There are several basic ideas which can be considered in this connection: (a)
Deprivation of passive motion early in life 'M y prevent normal neurological
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, nonsadeiRng its close
interrelation with both the visual system and motor systems. (2) The quality ofearly handling might condition idiosyncratic arousal reactions to motion which
In turn could iniluence neuobiologlical ,,nd behavioral development. (3)
Differences In development of skilled control of motion could influence many
aspects of human behavior.

... it has been indicated that passive, gentle oscillation of premature
infants improves general motor maturation, visual fixation and pursuit, and In
general, overall health (Neal, 1968). A seris of studies (Korner and Thoman,
1972; Pederson and tar Vrught 1973; Pomerleau-Malcuit and Clifton, 1973)
offer general support for these finding and suggest that regimens of vestibular
stimilation in eaMy life may have mori developmental significance than special
regihitens of auditory or cutaneous stimulation. The possibility that reading
disabilities and some psychiatric disorders may Involve anomalies In
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vestibulocerebeliar development has also been indicated (Frank and Levinson,
1973; Holzman et al., Hallpike etLa], 1951) but not without some controversy
(Stockwell etAL, 1976). The stereotyped rocking behavior of psychiatric cases
and of monkeys in sensory deprivation experiments and the instability and
"swimming feelings" reported by mentally disturbed individuals have been cited
as evidence supporting the general idea that deficiencies 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
hypotheses and neurobiological experiments relevant to these are needed."
(Ouedry and Correla 1978).

The topic of motion sickness susceptibility in relation to behavioral devation and psychiatric
categories Is being studied by Mirabile (1990) whose views reflect those of Witkin. Witkin found
tendency for shiftsin field-dependence with age, and from evaluation of perceptual styles of young adults
in relation to a batter of personality test, he concluded that those who are Intermediate between extremes
of Field-dependence and Field-independence tend to be better adjusted than those who are at either
extreme (Wltkin 1950). Thus, good personality adjustment is not associated with either extreme,
according to Witkin, but this seems at odds with some of the recent findings of Mirabile, (1990)
concerning motion sickness in psychiatric populadons.

SUMMARY OF FACTORS IN MSS

Several factors, proposed by several authors, are summarized in Figure 3, along with indication
of how they might interact with components of the conceptual model, History of motion, from nature
and nurture perspective, is shown influencing idiosyncratic receptivity, perceptual style, autonomic
control and hormonal state, Receptivity, the idea (Reason, 1967a) of idiosyncratic tendencies that
augment or diminish all sensory inflow, is shown Influencing the gain of .aatixV s.tatiU which is also
adjusted for gain and response patter through perceptual-motor adaptation. R influences
the spatial model which now includes mismatch aaesment (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 through adaptation procedures such as AFT. The hormonal
state is also subject to nature/nurture history, fr example aerobic conditioning (discussed below).
Hormonal state modifies the neurochemoial link. Arousal from vestibular missmatch (Intravestibular,
vestibular/visual, vestibular/proprloceptor) remains a focal point for both the pathway to perceptual-motor
adjustment and the link to the sickness syndrome. Autonomic control influences autonomic arousal from
vesdbular missmatch which together with hormonal state influences the nourochemical link.

Fig i P3rceptuold Mot or w iu ssl
N I iv Adaptation Th e hl
9 state -•"

F1 symdr--.

Maonleudon]

Figure 3. A sumnua'y 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 (Kohl, 1990) must fit with current information on anti-motion
sickness medication (Wood, 1g90). As Indicated at the beginning of the earlier chapter (Guedry, 1991),
the mechanisms of motion sickness challenge the entire scope of neuoscience disciplines and all levels of
neurosclences are challenged by and must be used to challenge any conceptual model developed.

FACTORS THAT ALTER POPULATION INCIDENCE

Other than adaptation 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 wigl experience motion sickness.

If the job of the individual permits, selecting a location within the motion platform may serve to
reduce or avoid 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, p.94). Even the very disturbing effects of deceleration from a Hyper-O
centrifuge run are reduced when subjects are supine (Leger, 1984) for reasons not completely
understood, When in the supine position it Is probablT helpful to locate the horizontal semi circular
canals in the plane of maximal angular velocity of the platform (usually the roll plane of a ship), as the
vertical canals seem more productive of sickness (Benson a,,d Guedry, 197 1).

Fixing the head and body relative to the motion platform is helpful in reducing sickness (Johnson
haL 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 aircraft or during Earth-orbit.
Head-rest flxation is helpful In avoiding inadvertent head movements that occur; even heavy breathing
Induces Inadvertant head motion, Frequent head movement relative to any moving platform increases the
probability of discrepant otolithic (Hyper-O, Hypo-O) effects and cross-coupled angular velocity
semicircular canal effects, all of which are nauseogenic,

Location on ship can also reduce nauseogenic odors, Anyone who has been on a ship driven by
diesel engines during a following sea will recall the efforts of experienced crew to find locations away
from the diesel fumes that tend to envelope the ship when prevailing winds are from the stem. Money
(1970) provides a convenient summary on uffects of odors. Reference numbers in the following are
those of Money (1970):

"Tobacco smoke, unpleasant odors, and even food odors have been considered to
be promoters of motion sickness (12, 39, 50, 54), and since motion sickness occurs
more 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 motion 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 not to be a contributing factor in the genesis of motion
sickness in a number of formal etudies, Typically, in these studies, air exchange was carefully controlled
to avoid effects other than temperature (Wood and Grayblei, 1970), My experience, in studying
vestibular function over the years, is that when ambient temperature In the chamber or capsule cont•inini
the subject is uncomfortably high, Incidence of sickness increases in vestibular experiments not intended
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 wo
Influence on average susceptibility (6, 27, 35, 192), except in one study (91) in which
the incidence of severe sickness increased with time after the last meal to a maximum at 3
hr and decreased. Ambient air temperature has been found repeatedly not to influence
susceptibility (75, 135, 152, 155, 192, 309), although persons suffering from motion
sickness frequently express a desire for fcnil f'esh air, and many susceptible peraons
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consider excessive heat a contributing factor (50). It is possible that the odors that
accompany high temperatures in some situations promote motion sickness."

Visual conditions influence sickness induced by particular motion environments. A view of the
horizon from the deck of a ship can influence interaction within the brainstem 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 wouldTiotentiate sickness.
Several studies show that tasks that require visual search within a cluttered display potentiate sickness
(Guedry,&Lal. 1982) even when the head is fixed relative to the motion platform and the display. In
modon-based simulators it is possible that peripheral visual motion Improperly phased to vestibular Input
will otendate sickness when the task demands focused attention on cockpit displays (Guedry, etaL.1974)

The task of the individual in the motion environment not only affects the rate and form of
adaptation to the environment but it also Influences sickness susceptibility in the envimnment. Mentally
dwelling on motion sickness symptoms or envisioning motion of the body in space seems to potentiate
sickness, whereas, mental involvement in an interusting 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 our 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 p87),. 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 suffering from sickness on
Channel Island ferry crossings were over the age of 59 years. Age does not confer immunity to highly
provocative motions, but declining incidence with advancing age may be related to declining vestibular
Afferent Information with advancing age. Lawther and Griffn (1987) use different values for constants
In their equation for predicting sickness Incidence, depending upon the age as well as sex of the subjects
that make up the group,

Other predisposing factors that have been Indicated are fatigue, alcohol (and of course a variety of
drugs) and emotional state, Dowd (1975) found evidence thnt sleep deprivation altered the vestibulo-
ocular reflex to the provocative cross-coupled stimulus and theorized that fatillue 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 potentially
important, but difficult to study, area. Consider the problems encountered in finding experienced pilotswho will agree to congregate for the study the effects of theirx sleep loss on Lb• 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 yenrs becomes personally aware of
occasional heightened susceptibility to motion exposure in laboratory devices, Reasons 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 signs and symptoms as described by 8enson (1988), are listed
at the end of the chapter on Mechanisms of Motion Sickness, Until specific studies have been conducted
to show that conditions that induce headache, etc, are not effective in potentiating motion sickness
susceptibility, a general prudential rule is to avoid conditions that prod'Joe 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 this chapter, I wish to call the reader's attention to the very substantial work that was
carried on in this field in Canada, England, the United States, and Australia in the period between 1940
and 1965. Much of this work Is referenced In Money (1970), and Reason and Brand (1975). Intensive
and extensive study in those years forms much of our knowledge base for today.
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ABBTRACT

Motion sickness in spaceflight occurred only rarely in the earliest apace flights
in small capsules, but in the larger Space Shuttle the incidence is fully 70%.
Apparently, in larger spacecraft the requirement to make head movements and body
movements in weightlessness increases the likelihood of space 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 renaining motionless.
The sufferer gets better slowly and usually is entirely well after three days. Anti-
motion lickness drugs have been useful in dealing with space sickness and biofeedbacX
teuhniques might be helpful, but attempts to prediut Susceptibility (except by assessing
susceptibility on previous spaceflights) have not been successful.

INCIDENCE OF SPACE SICKNESS

Motion sickness did not occur in the first American spaceflights, probably
because the spacecraft were very small, Only when larger spacecraft were used, and when
the astronauts' obs required them to move about in weightlessness, did space motion
sickness appear in the American program. (It is said, however, that on the second
Soviet sptaeflight, in the small Vostok spacecraft, violent notion sickness was
enCountered). The incidence of space motion sickness is shown in Table 1, taken from
Homick and Vanderploeg (7).

Table 1.

*INCIDENCE OF SPACE MOT1IO SICKNESS IN U.S. AND U.B.S.R. SPACE MISSIONS (a)

United states (as of October t984)

o Number of Crewmen (b) Incidence of Motion Siokness

Mercury 6 0
Gemini 20 0
Apollo 33 ii
Skylab 9 5
ASTP 3 0
Shuttle 48 25

Soviet Unkon (as of 1981)

Procra Number of Crewmen (b) Incidence of Motion Sickness

Vostok 6 1
Vookhod 5 3
Soyus 38 21
ARTP 2 2
Salyut 5 6 2
8slyUt 6 27 12

The incidence of space motion sickness in the Shuttle as of 1981, considering
flights by 125 astronauts, 91 individuals some of who flew more then once (23) in the
first 24 Shuttle flights, is 7il (S),

SPACE SICKNESS 10 MOTION SICK4NEdU

Motion sickness in specs it, apparently, motion sickness, although in space there
is. no sweating, flushing is more common than pallor, the vomiting has been described as
"brief and *usually sudden ... without nausea or other prodrome", and after 3 days or
so When the sickness disappears there is a peculier nonsusceptibility to even the most
naussogenic (Coriolis) accelerations (0,24). It is possible that the reported
nonsusceptibility to Coriolis accelerations resulted from the lack of a reference "down"

*(e) Reports of one or more symptoms of space motion sickness are included. No attempt
was made to categorise by severity of symptoms.

(b) Includes some crewman who flow more than once. Table taken from Homiok and
Vanderploeg (7).
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in Ipva:•f Lyht, or fromn the nma 1 mluliber of exporimorntaI utilijets qtud ot,, but the
Soviets also mention, as a "peculiarity", that once the habituation to space motion
sickness in complete, there in then a "clearly defined higher resistance to cumulative
vestibular loads" (1). In Soviet cosmonauts, unlike American astronauts, nausea is
listed as a "typical" complaint (1,12). In the mrotion-sick cosmonauts, pallor and cold
sweating are "typical" signs accordinq to one report (12), but in another report pallor
and cold sweating sweating were omitted from the list of "typical" signa but were
reported to be present "in a number of cases" (1). In both the American and Soviet
experience, vomiting is usually followed by an improvement in the condition(at least for
a while).

MOTION SICKNESS IS A POISON RESPONSE

In motion sickness the body behaves as if it had been poisoned (6,13), Motion
sickness is a poison response provoked by motion. more specifically, motion sicknues is
a poison response provoked by motion acting (directly or indirectly) on the vestibular
system (14). There is now evidence that the vestibular system is involved not only in
the poison response of motion sickness, but also in the poison response to certain
poisons. Experimsntal animals were found to be strikingly defective in their response
to poisons after surgical removal of the vestibular apparatus (15). This involvement of
the vestibular system in poison response was hypothesized by Claremont (4) and by
Treisman (25). Of course, those humans or animals who are lacking vestibular function
are also completely nonousncptible to all forms of motion sickness that have been tried
on them. A recent study of Jabyrinthine-defective humans found them to be entirely
nonsusceptible even in response to a purely visual motion sicknesas timulus (3). Motion
sickness is a poison response provoked by motion acting on the vestibular system.

TIlE PECULIAR NONSUSCEPTIBILITY AND LONG-TERMI PACEP'LIOllT

it is important to note what follown logically from the observed peculiar
nonsueceptibility to the sickness in response to Coriolis acoelerations in spaceflight.
To the extent that available evidence supports conclusions, this nonsusceptibility
suggeste (hints) that a rotating spacecraft could be used for long-term spaceflight
without serious vestibular/motion sickness complications. On the basis of the (sparse)
evidence available, it might be anticipated that rotations starting after a week or so
of spaceflight would cause no motion sickness problem. Rotation could of course stop
for short periods during a Tong flight, and for a week or ao before landing to allow
readaptation te, 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 be that no such problems exist. Befote
launching a rotating spacecraft on a long flight, however, further inflight
experimentation could be required to see whether the nonsueceptibility or ability to
adapt could hold in spite of the variable-strength "down" (the linear acceleration)
produced by the rotation. Earlier experimentation in slow rotating rooms (including
walking on the walls) suggests that any problems encountered would be readily overcome
by habituation.

THE SEVERITY OF SPACE SICKN9S8

There is little detail available concerning the severity of space motion
sickness. One analystl (Davis et al, unpublished data cited in ref 23) of 57 Shuttle
astronauts who experienced motion sickness in spaceflight, describes 46% of the sick
astronauts (26 astronauts) as mildly asck, 35% (20 astronauts) as moderately sick, and
191 (11 astronauts) a severely sick. "In this rating scale, even those characterized
as mild could have at least one episode of retching and vomiting. In the severe
category, the crew person had to express several symptoms of a persistent nature, have
more than two episodes of retching and vomiting, and remain ill beyond 72 hour* into
flight.*(23) The above numbers are reasonably accurate, but it should be remembered
that, in general, an astronaut does not want to be known as someone 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 being expeeienced, an astronaut's
culture would incline him to believe and to say that he was OK, and this inclination is
possibly responsible in part for repurts of vomiting in spaceflight without noticeable
prodromal symptoms. There is even one report of an episode (5) in which an astronaut
vomited and then got the agreement of his fallow crewman that they would all keep the
episode secret. This cultural factor has perhaps acted to reduce the reported incidence
and severity of motion sickness in space.

THE INFLUENCE OF HEAD MOVe'NLTS

some astronauts have expressed the opinion that the incidence of space motion
sickness would be almost (although not quite) 100 if in the astronauts had to do
considerable moving about in the spacecraft during the-Urat 3 days of all
epaoeflights. On some shuttle flights there are some crewmen whose jobs allow them to
remain strapped into a seat for almost all of the first three days. Another influence
on the observed incidence of spaOe motion sickness is the pest practice of
romedicationt until recently, some Shuttle astronauts took antimotion sickness drugs
usually scopolamine 0,4mg and dexedrine 4'.Omgl bcore launch. (Prs;ai NASA jwu1Liy,

May 1991, is to refrain from premedication and to inject promethasine 50 mg intra-
muscularly if motion sickness in flight is troublesome. This policy was adopted partly
for the reason that antimotion sickness drugs taken prophylatically can impede the
natural adaptation to the now motion environment.) A4 a guests perhaps 10oer so of
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unmedicated astronauts who were obliged to move about and do a lot of head movements
during the first three Any@ of a spaceflight would be utterly unaffected by apace motion
sickneas.

DURATION OF SPACE SICKI•ESS

When motion sickness occurs in spaceflight it gradually gets better but typically
it persists for two or three days. The astronaut can get some relief by taking
ant motion aickness drugs, and more relief can be gained by remaining motionless (17).
After a period of being motionless the astronaut starts to foel better, but when he
starts to move about again the nausea gets worse again, and if he persists in moving,
vomiting can result, After thrae or four days, when habituation ie complete, the
astronaut is completely free of symptoms and can move about as much as he wants and even
do gymnastics without provoking any syptoms. In one Soviet cosmonaut, however, motion
sickness in space lasted two weeks (arthough vomiting occurred only during the first
week)i this cosmonaut also experienced motion sickness, including vomiting, for three
days after returning to Earth (Matsnev B.I., personal communication). In &cat, of the
first 27 Salyut-6 cosmonauts, 9 suffered significant sickness after returning to Earth,
and 8 of these 9 had suffered sickness in space at the beginning of their flights (12).
The sickness asesociated with the return to Earth is analogous to the 'mel de
debarquemsnt' experienced by some people upon getting off a ship. Its occurrence in
American astronaut, has perhaps been prevented by the relative brevity of their
spaceflights, and in the longer Skylab flights tt could have been masked by seasickness,
since the Skylab astronauts were recovered at sea, Even so, two cases of motion
sickness after rotur,, to Earth have been reported in the American program (23), and it
is possible that motion sickness after a long flight could appear with disastrous
results upon stepping onto 14ars, or ujon stepping onto Earth after a long flight
(perhaps after a Spaoe Station flight).

PREDICTION Or SUSCEPTZBILITY

Available tests on Earth have not allowed prediction of susceptibility to space
siokness (18,23) although, since 7?O or so of people who fly in the Shuttle do
experience space sickness, a prediction that all future flyers will be sick in space
would be correut in about 70 of oases. There is no significant difference in the
incidence of sicXness between men and women, and the likelihood of being sick in space
does not correlate significantly, positively or negatively, with susceptibility to
motion sickness stresses on Barth (nor, probably does it correlate with the amount of
the right stuff possessed by the astronaut).

MOTIONS THAT CAUSE MOTION SICKNESS

Motions of the body that cause sickness are, at least usually, notions that
exceed the normal frequency and/or magnitude ranges of the viatibular reueptors, so that
some of the vestibular roesptors are reporting false information to the brain in motion
sickness eituation (22). Vision and some proprioceptora continue to report correct
information. In such motion sickness situations the brain says, in effect, 'My
vestibular system ts giving me false information# therefore my vestibular system has
been poisoned by something I ate, and I should vomit.' Motion sickness is not a
sicknamse it is the normal healthy response to poisoning, triggered by a stimolus that
masquerades es poisoning.

In spaceflight there are many sensory inputs that could be interpreted as false
information in the vestibular syatem. For example, ' hogah9ut weightless flight the
vestibular receptors probably tell the brain that the body is alling, wherease vision,
and the duration of the "fall", contradict that vestibular Input. This falling versus
not failing is possibly the most important provocation of space motion sickness. Also,
the vestibular receptors tell the brain that there 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 sickness, especially in
view of the possibility (11) that people vho maintain the logical visual indication as
the peroeived down (instead of taking the "feet are down" perception are the ones more
susceptible to space motion sickness. The vestibular receptors also tell the brain that
head tilts relative to a perceived down have taken place (according to the semicircular
canals) but have not taken place (according to the otoliths), as Benson has pointed out
(2). It is seldom considered, but static head tilts relative to the down direction are
normally (on Earth) reported by neck proprioceptors, and the abuenoe of gravity's pull
on the head in certain tilted head postures in spaceflight could well be an important
contributor to space sickness. It has been shown on Earth that motion acting on
proprioceptors can cause motion aickneua (10). Similarly, the absence of gravity on an
extended arm, in an astronaut who perceives himself upright, is consistent with an
angular acoeleration of the arm and hand in the "don" direction, and since the same
angular acceleration of the head and bndy would have to be taking place together with
the arm (because no ruwtion of the shoulder in taking place), denial of such an angular
acceleration by the semicircular canals could create further conflict. This would be
empeci'lty so if the hand were holding an objent kmnwv to be "hmsvy".

AVIUINU 1ROVOCATIVIO MOVEMENTS

Perhaps astronauts should be told that, to avoid motion sickness, they should not
only avoid pitching and rolling head movements but they should ales avoid, as much ae

Z .
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possible, postures Li which the spinal axis is offsst from the direction of the
perceived down, and they should avoid static tilt positions of the head relative to the
perceived down, and they should avoid extended limbs at right angles to the spinal axis,
and when moving (translating, floating) about the spacecraft they should maintain the
spinal axis parallel to the direction of the perceived down and not soar "horisontally'
like Superman. When the body's spinal axis JA perceived to be "horisontal" (at right
angles to the perceived down), then of course yawing head movements should also be
avoided,

THE ADAPTATION

It is thought that there are probably three main aspects of the central
adaptation to the unusual vestibular environment in spaceflightt first, a general
tendency to ignore or suppress inputs from the vestibular apparatus, especially
otolithic inputst second, a tendency to interpret all changes in otolithic inputs as
changes of linear acceleration rather than changes of tilt angle relative to gravity
(called variously "tilt-translation reinterpretation", or "sensory rainterpret., ton or
'stimulus rearrangement", reft 19,29,30)1 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 exquisitely sensitive semicircular canals do not
normally have exactly the sam density as ondolymph (16), a complication usually
overcome with the help of information from the otoliths, and that habituation to
weightless cupulas also takes place. It is also possible that different cupulae have
different densities so that asymmetry of oupulse 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 proceeded sufficiently. Again, the proprioCeptive
contributions to the motion sickness and to the adaptation have been largely ignored but
could be important. It is known that propriaceptive function is altered in
weightlessness (20,21,26,28.29,30) and that proprioception on Earth can be important in
motion sickness (10).
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ABSTRACT

Sickness in a flight simulator can compromisa training, and it can also give rise
to effeats that persist afterwards and create hasards for the train**. Generally,
simulator sickness involves moss visual disturbances, more dizsinees, and more
after-effects than in other kinds of motion sickness, and less gastrointestinal a
disturbance (although a few instances of frank vomiting have been reported, both in the
simulator and after leaving it), Simulator sickness can interfere with, and discourage
participation in, simulator training. Its aftereffects could cause accidents, and to
avoid these accidents the trainues are often grounded for a while after flying the
simulators. Different incidences of simulator sickness, most between 10 and 60%, have
been found in different simulators &nd depend partly on the criteria for the "sickness"
and on how the simulator is used. Procedures for minimizing the problem have been
developed.

INTRODUCTION

The use of simulators for flight training reduces the costs and the risks of
training in aircraft. In modern simulators that include a wide angle visual display,
however, there are problems with simulator sickness. With technological progress, it
seems that as the simulation gets better the simulator sickness problems get worse
(4,7,19). These problems have been the subject of symposia and the sabject of some
excellent reviews and overview papers (l,3,tll, lS,lE,20) and they are being addressed
with some success. The present paper will attempt to summarise the field briefly and
indicate where further information can be found.

INCIDENCE OF SIMULATOR SICKNESS

The incidence of simulator sickness is usually higher among pilots with little
experience on the simulator, it is usually (15,21,111 but not always (19) higher still
among pilots with extensive experience on the real aircraft and little experience on the
simulator. The incidence also varies with the individual simulator, with the kind of
mission being flown, and with the criterion for recognizing the presence of simulator
sickness, In a survey of more than 2500 "fligh-,." in ten different simulators,
"simulator sickness incidence varied from 10 to 6"4" (15). Other surveys h,viw also
produced incidences in this range (S,6,9,10,l1), including studies of air combat
simulation (5,21), but another survey of (mostly) air combat simulators found an
incidence of 671 (18), and the air combat simulator at Williams Air Force Base at one
time had an incidence of 879 (R.S. Kellogg, personal cominunication). Overall, the
fraction of pilots who experience nausea in simulators is roughly IDS, and the fraction
with "eyestrain" is 251.

It is not known whether there are comparable problems during and after flying the

real aircraft (L2).

SIMULATION SICKNESS IS ONLY PARTLY MOTION SICKNESS

The gastrointestinal symptoms encountered in simulators are, in all probability,
symptoms of motion sickness (1,15) Theme include stomach awareness and nausea, and they
are probably produced by a confliLt in the pt.ttern of sensory information concerning
orientation and motion (l,l5). In addition to the motion sickness, simulator sickness
includes other, separate, visual and vestibular phenomena.

Primitive simulators without viasal displays, or with visual displays that are
small or night-only, produce almost no motion sickness, Only when large dusk and day
time visual displays became available did motion sickness become a noticeable problem in
simulators, The large visual displays produce sensations of self motion in the pilot
(13,14), in all likelihood these large displays also stimulate the visual system in such
a way that the visual system provokea the vestibular system (17) to produce both the
sensations of self motion and (in some pilots) motion sickness ( pg 321 in ref 1S).
"Stimulation 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 activity that includer aspects of conflict or mismatch.

Modern simulators include also a motion bass (2.24) and the mechanical motions of
the motion bass can also be suspected of contributing to the motion sickness, especially
if the motions are of the low froquenoo variety that are known to provoke motion
sickneoss in other environments (1V).



Kennedy's a'assifiuat ion of the symptoms of aim ulator sickness include v I- -,
vestibular, and vagal (-gastrointestinal) Symptoms. Only the vogel (gastrointestinal)
symptoms are properly considered motion sickness. In addition to the motion sickness
symptOms there are separate phenomena in simulator sicknesse the visual symptoms of
eyestrain, difficulty focusing, and sensations of visual distortions, and the vestibular
symptoms of dizaineoss postural instability, and false sensatione of bodily
orientation. The visual and vestibular symptoms can occur for many hours after leaving
the simulator, and they are possible sources of accidents both on the ground and in
flight.

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 very high
workload in flight simulator*, sometimes for several hours, and the crew is often being
tested. Simulator rides are often check rides in which many emergencies are simulated,
and if the crews do not perform well they can be subjected to rerides, failure,
tamoorary disqualification, or even permanent disqualification if unsatisfactory
performance persists. Simulator rides can be long, stressful, unpleasant, and
fatiguing, whether or nof motion mickess or any other part of simulator sicknell occurs.

The headaches associated with flying flight simulators could be caused by the
motion sickness, by imperfections In the visual display, or by the demands of the task.
Similarly the drowsiness could be part of the motion sickness or simply the result of
prolonged hard work.

MOTION SICKNESS Is A POISON RESPONSE

Notion sickness is a poison response provoked by motion. It is a poison response
provoked by motion acting (directly or indirecly) on the vestibular system. The motion
sickness that is part of simulator sickness is a poison response provoked, for the most
cart, by motion of the visual field acting indirectly (through the visual system) on the
vestibular system.

DEALING WITH SIMULATOP SICKNENS

Simulator siaknese can compromise training (4,15). Some trainees sensitive to
simulator sickness will avoid the simulator as much as possible. Some will adapt to the
simulator by adopting habits that would be counterproductive or ha•ardous in the real
aircrafti for example, simulator sickness might be reduced by minimsiing head movements,
but minimizing head movements in the real aircraft would degrade Lhe lookout. The
aftereffects (4) of simulator sickness (postural disequilibrium, false sensations of
orientation, and visual flashback) can appear several hours after leaving the simulator,
and could cause accidents on the ground or in flight. Because of the aftereffects, same
day flights in real aircraft are restricted in some organizations, with a loss of
operational availability of pilots by as much &e St (15). Also, simulator sickness is
mi aerablel this kind of misery can be inflicted deliberately in order to induce desired
kinds of adaptation (8,35,26), but managers with responsibility for pilots should take
steps to eliminate it.

To deal with simulator sickness, current recosmendations are (15,23.)t

1. Avoid creating simulator sickness by suggestion. It can be contagious if one pilot
sees another nick. Pilots, should, however, be warned about the aftereffecte. No
one should go directly home to repair hiis roof after a simulator flight.

2. Do not fly the simulator when you are hung over or have an upset stomach.
3. Adaptation is the strongest fix for simulator sickness. Try to fly the simulator

every day until adaptation is complete (but do not fly ih past moderate naussa:
stop for the day if you become nauseated). In some simulators adaptation occurs
more readily if hope are every 2 to 5 days.

4. Do not fly the simulator the same day as a flight in the real aircraft.
5, Got seated and organised before turning on the visual.
6. Keep to a minimum the number and magnitude of turns while taxiing or while flying

near the ground.
7. Keep to a minimum the number of steep turns, abrupt chAnges in speed or pitch, or

turbulance in flight.
0. Keep to a minimum the number and magnitude of head movements, especially large

nodding movements during turbulence or during changes of aircraft heading or
airspeed,

9. Use mostly Instrument flight in layer cloud and not too much clear hood flying, and
use night flying rather than day or duek flying.

10, Use the free&* mode and resetting mode as little as possible,
It. Ensure that all projected channels of visual imagery are corrctit aligned.
12, Turn off the visual and turn on the simulator lights before exiting.
13. Whatever is seen or perceived to be the cause of the sickness should be minimised.
14. Be awere that the initial flights are more nauseogenio than later ones, and that

some particular missions are much more nauseagonic than others.
15. When adaptation is complete, most (but not all) of these rules can be discarded.

MI
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An historical illustration of the prevalence of motion sickness
rt sea is followed by a review of experimental studlies In which both
ship motion and sickness have been quantified. The mot-ions responsible
for sea sickness are identitied and aiternative methods of predictong
sea ,Ikness from measures of ship motion are defined. The influence
of causal factors other than motion 'are also considered.

1. INTRODUCTION

Sea sickness may have been the first form of sot ioon sickness experienced by marn and
animals - it has probably inflicted more persons than any other form of travel sickterss.
Nevertheless, while all who go to sea have something to say about mot i.on sea sicknessl,
scientific study of the subject has been meagre. There have been remarkably few systesit:
attempts to determine the motions resFonsEble for sea siokness and little ser ioua
scientific effort to minimise sea sickness.

1.1 T'ypm of motion
Various terms are used to describe the

motions of ships and people, with several VIRTICA.
different terms being used for the same
motions. Vertiual motion of a ship may be
called scending (or heaving) or identified by
the conventions for vertical motion of seated
or standing porlonsanz-axis motion. The aseni ( a)
used to describe human motion are shown in
Figure I. When a person is sitting or MOLL LATERAL
standing facing the front of a vessel the x- (r.
axis of tire body corresponds to the fore-and-
aft axis of the vessel. Similarly, rollmotion of the body corresponds to roll motion aeý (r )of the vessel. A person who in free to turn FORE-AND-AFT
may stand sideways so that the x-axis of the WO-W@)
body Is parallel to the lateral axis of the
vessel and roll of the boat will cause the Fiigure I Axes of motion.
body to move in pitch. Lying down will
render the z-axis of the human body horizontal. These variatorlis may attect huearr
sensitivity to vessel motion. Most studies of ship motion and eoa slckri'rrr have lclritnrd
the:e variations and describnd vessel motions using axes of the boat. rirther than axns ,f
the exposed people. At most, the orientation of the body (upright, o rocinlbetl t) I it
indicated.

Three a) ternat ive co-ordI rbat n systems rdigilht le r110d L.0 din crt Lb(r Lite llioti iti:i I Wiii :h
people are exposed on thips: a co-ordinute system cent.red oel ile person li.e. a ilodyo..url Ic.
coordniraLe riyatoem), a co-ordinate system cenhted on the ship, oz i l,.i-irdiniti ,ystimll
centred on the Earth. With people moving around on ships, bludynanmic co-ordLtrite ll nte'pirr
are I nconverient. Earth-referenced co-ordinate ayst.ema are technicaIlly drft itil t Lrrrneuse
they require that the axes of measurement remain vertical rind horin.ontal as the ves3oL
rolls and pitches. Although some measurements have been made with emarth referericed axrts
most tmeasurement, s related to motion sickness have used ship-referenced axes. In
consequence, measuremitrio in the 'vertical' and 'hurizontal' diroct, ton are only tnrily
vetLical and horizontal when there is eio roll arnd no pitch, Measuremorenil of 'horiczontall
motion (i.e. fore-and aft or lateral motion) using ship-referenced aces can be very
different trom those obtained using earth-referenced axes due to the grayvtatitonal
rompornenta detected by transducers au they tilt in the graviLatIonal field of the eari.h
(see Se,tLton 6 below).

1,2 Effe•o•t of motion
Vomit. inrg is the most obvious sign of motion sickness but it is nut the only sign of

sea sicknersit Vomiting may be neither the most sensitive nor the most important.
corivsequence of sickness. Where the incidence of motion sickness is low, some less dramatic,,
effect say lie a more sensitive indicator since it may be present in greater quantity,
Additionally, nausea may be a mrue accurate indicator of performance arid mood than
vomiting. Monly studying motion sickness have therefore chosen to use scales which give
some weight to effects other than vomiting. However, various scales have been employed so
comparisons of data from different studies is difficult (see scales defined by Fenda et al,
1971; GraybLel et al, 1968, Lawther and uriffin, 1986). Terms such as 'nausea' anld
'sickness' have different meanings in different studies. Some rating scales have been

.4 .* ,<,•. \" .



dessigneoi for xprixanial studies in the laboratory and are less suitable for aplication

Lo utrarodtraellrs y mansof a questionnaire. Consequently, it is currently only
pnsiibio to compare the results of a wide range of field trials by using vomiting as the
dependent. variable. Fortunately, ntuuiiea at sea reported by )Kanda at al (1917) arid Lawther
and Griffin (1981i auggest mild and modaraiu symptoms of sickness may be predicted from the

relation between vomitinq Incidence and ship motion magnitude,

2. AZ8TORICAL PERBPNCTZVI

Most reports nf the intoldenoe of me& sickness give little information on the , yaical
cueof the aickness but provid~e a background view of the extent of the prcblem, Seao,

studier of tire efficacy of Alternative anti-motion sickness drugs 'have often included
control qiOUPS taking no drug (or a placebo) and provide a imajor source of information on
the underlying extent of motion sickness at nea. other information comes from m few
experimental studies and from medical records.

During the years 1909 to 1931 (excluding the period 1916 to 1920) 2.3 men per 100,000
were invalided out of the Royal Navy through motion sickness, while 10,4 men per 100,000
were olaced on the nick list ýKoevil, 1935). These figures werc interpreted Is showing
thntt most persons develop an "Immunit1y' to motion. From a questionnaire of 100 sailors,
Kuovi 1 foun]- that 40% admitted to having experienced motion sickness - but in no case was
tihe problim ý-rifficirrit for it. to be entered into their medical~records. Of the 40% who
reported having been seasick# J13% had beern sick on destroyers and only 10% on batties(.ps.

ti'urps for the rrnumbers ,f passengers and crew tineekIng medical attention on the United
Fauit Cormpany Steamship Service between 1915 and 1923 are given by Desnoea (1926) . P Hout
().St Dt approximatnly 30,000 passengers, and a slightly lower percentage of about 1_ 000
crew, suiffered sufficiently severe motion sickness to seek medical attention, There were
nio rooo'rded de-,the due to sea siokness,

l1olling er a) (1944) ruport a study using soldiets on two minesweepers sent to sea
wheanever there was a prospect of sufficiently rough weather to test the efficacy of
.l~r~.riat iv ant~i-motion sickness tdrugs. With the vessels at sea for between 4 Arid 6 hours
the, Iinidence of sickniess in control subjects varied between 22W and 61% on different

.tpwi'h most. of these vomitting before the end of each trip.

it,, obtained from 1385r tronpa undergoing assault exercises in India, mainly in small
ldigcraft, qtiowed that 12.41 vomited (Hill and Guest, 1945). In other studios with

,r,,1diers iii lending crart, Tyler (1946) found that about 35% became sick and about 14% were
meverely alck durliry tirtee hour periods. The sickness was found to depend on posture (see
!l.tot Ion 3.4.4 below) nod medication.,

Chin!. r't al (1950) conducted a drug trl~tl aboard a 16,000 ton troop ship on a two-way
ctoneqinq of the Atlantic 0ýoan during which 20%L of a control group vomited on t he e"stbound
joutriey and 41% of a different control group vomited on the westbound crossing, Chinn et
,it (1952) report a drug itudy with troops aboard two further vessels crossing the Atlantic,
Somte of tire troopi had made the crossing previouslyi of these, 36.9% on one ship and 38.8%
on the other ship said that they had been seasick previously, In the study, among those
who were adm'ini-itered a placebo, 38.0% vomited on one vessel and 37.,6% vomited on the other
vommol. The incidence of vomiting declined with increasing agei when including those who
reieived active drugs there were 33,611 who vomited in the age range 17 to 20 years while
14.2% of those iii the range 30 to 39 vomited.

iiendford of al (1954) found a 341 incidence of vomiting among troops On a military
i , 1,41tt0 sh -rcmarrng t~hu Atlantic. A LIlmilar 3tudy involving 15 crossings resulted in

tive prevdletnce of vomiting varying between 1.11i and 43.0% with an overall average of 22.9%
among those taking a placebo, drug on 10 eastbound tripe and varied from 15.5% to 35,7% with
an overall average of 19.6% on westbolund trips (Anon, 1956*, . Trumbull at al (1960)
reported that on military transport sihips travelling across the Atlantic the irncidence of
vomiting in control gtaupc varied between 13.5% and 22.1% on three croitsings, A
questionnaire survey of 699 men aboard destroyers Involved in escort duty in the 11.5 Navy

*indicated that 391 were never sick, 391 were occasionally sick, 10% were often sick and 13%
were almost always sick (Bruner, 1955).

Pethybridga et al (197i) found that V7% and 73% of the crew of two British Rtoyal Navy
sh'ps had been asea sick during their career, and 424 and 56% had been sick in the past 12
months, During sea trials over five days with rough weather (wave heights generally
between 4 and 14 metrers), 38% and 47% of the crew on the two vessels were sick on at least
one occasion From 1746 responses to a questionnaire of men serving on a variety of
British Royal Navy vassals, Pethybridge (1982) estimated that about 70% of naval personnel
slifferr from some of the varied symptoms of sea sickness. The inaidlence of sicknclsb varied
with vessel size (see Section 4.3 below).

Amsong 335 participants in an Ocean Youth Club hoia, 57% experienced sea sickness
when no active drug was taknni this reduced to 26% among those taking a drug (Hargreaves,
1960) , Attias et &1 (1987) report a 3 day drug trial aboard a 300 ton vessel in seea states
2and 3 during which 53% of those receiving no drug we~re sick on the first two days and 23%

wrav sick on the third day.

V.i



7-3

{. ~3. OM& STUDSNI Or TIM CROOUN OF NOTfl01 UZCIWUII
3.1 Introduction

othes bytonrviw studlee which have obtained measurements of motion and ameasure

Limitations, empecially to the equipment used, render some results insufficient to
draw general conclusions as to the motions causing sickness, Nevertheless, observations
made during these studies may be of some value in identifying other factors which
contribute to the complex rviation betwoen motion and motion sickness. Where appropriate,
the reported incidence of sickness and vessel motions are compared with predictiona using
the 'motion sickness dotie value' IMSOV) calculations defined in Section 4.2 below,

3.9disawnyof experimental studies
3.. tdes wit emall vassals

Using fast patrol bcats for more than 2 hours anrrd encountering rough sea (giving
vertical motion at 0.36 to 0.48 Hz with acceleration in the range -2,5 to +3.3 me") Glaser
and Harvey (1951) found that afpproximately half of a group of soldiers vomited, Soldie11ra
within enclosed floa~ts in a 3w timing pool were made motion sick by artificial waves having
a frequency of 0.29 Hz and peak acceleration in the range -1.6 to +4.3 me" (Glaser and
Harvey, 1962) . Approximately 57% of soldiers felt ill and 36% vomited with I hour of the
mot~ioni - although there was evidence of habituation to Elie motion over six exposures. some
drugs wern found to be effec-tive in reducing the incidence of illness end vomiting,

Tokola at .11 (1984) reported that a 24 hour study in life-raftsl at sea in 'hard
weather conditions' (e.g. 3 m waves) did not produce much vomiting becauase the volunteers
weLR "acoiustomed to heavy sea". A similar study in a wave tank produjjk ng a frequtncy of
0.37 lIN with acoelesration reported to be in the range 3 to 5 ma" prodcided vomiting In all
).4 inch exposed to the condition without any medication (drugs or placebo) within one hour
on their first exposure (Glaser and MoCance, 1959) , Repeating the exposure five times at
two day intervals reduced the incidence of vomiting.

Latndolt end Motnaco (1989) report that in four cases of crew abendonin oil rigs In
totally-erelomed motor-propelled survival craft, sea sickness occurred in 7'1% or more of
the occupantil. The condition developed quickly enid wee severe in some casaes.

3,2.2 Study by Sendford
Handford re al (1953) report a survey of 638 men aboard a troop ship crossing the

Atlantic! Ocean from West to east. A gyromcope was used to measure roil and pitch while
vertical motions were measured with accoierometerb at four locations in the 186 metre
vessel. The average roll frequency was 0,07 liz while the average Pitch frequency was 0,17
Ha, The vertical acceleration varied with location and with time. tt Is reported that the
"overall average" vertical acceleration for a 7 hour period on the second day was 0.7 me-'.
(This may be the average of the peak accelerations recorded over 5 minute periods every
half ert hour.) The averiage roil was reported as 1.9 degrees and the average pitch as 0.7
degrees.

The Crosingilh was described as exceptionally smooth yet 35.5% of the men succumbed to
sickness (i.e. they nither vomited or were obviously seasick to an observer) . The authors
were unable to find sny correlation between sea sickness and measures of the vessel motion,
The rate of sickness reached a peak between 06.00 and 07,00 hra, corresp onding to reveille,
(It is not posanbltt to trOMPUte r,111,1, acceleration from an leverage peak acceleration,# but
if t;ia r.m.s. acceleration is assumed to be 1.4 times lower that, the 'average peak value',
as for d sinusoid, a seven hour exposure to 0,7 msa" will yielcl. a motion aickness dose value
of 79 ma-,'' and a prediction of 26% of persona vomiting)

3.2.3 Study by Niouitonhuilsoin
Nisuwenhutisen (1958) reported the results of a questionnaire survey of motion

sickness among 423 passengers aboard a 149 metre vessel travelling across the Atlantic
Ocean. (The accuracy of apparatus used to measure motion is unknown.) The vertical motion
Isi reported to have had a dominant frequency of 0,14 Hm with a magnitude of about *1 me"
when the sea was in a "normal" condition during the first 24 houtij at sea. The motion
ýincreaased over a period of 8 hours to more than :L4 ms-'# when sailing in the tail of a
huirricane, and then subsided over the next 36 hours. The numbear of persons motion sick
inorodhaad from about 4% to 22% as the magnitude of the motion Increased but did not reduce
until almost 36 hours after the reduction of the motion lsee Figure 2).

Assuming a vertical motion of I me" r.m~s, (i.e. a peak acceleration of 4 ma"' with a
crest factor of 4) the motion sickness doese value procedure would suggest that 20% of
unadapted persiona would vomit within one hour, This ceilculetior is highly dependent on the
crest factor but a value of 4 has been obtained in some studies (see Griffin, 1990)., The
motion sicknaes dose value procedure is intended for short duration exposures and does not
incorporate a recovery (or habituation) characterist±i. ,consequently, it implies that aome
passengers will become sick even if thre magnitude of the motion reduces I this loears
approprJite to the data reported by Nieuwenhuij.4*n. The data in Figure 2 suggest that the
rate of recovery from motion sickness is slew and that in the conditions encountered by
this vessel, the rate of recovery wee matched by the rate a! now oases for about 36 hours
after the height of the storm. The author says that the average passenger needs two or

t three days to become "adapted".

NieuWanhuilsen reported that females were move susceptible thanm iales (in the ratio
20)0, that there was a non-linear dealing in susceptibility with increasing age, and that

. .. .. .....-
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those taking Anti-motion
sickness drugs were more likely Acceleratlon (me'- peak) " 8aulO..o
to be sick than those who did 8 100
not take such drugs. The
latter finding was attributed -- 'Acceleratlon -- Seask (I) 0
to both the higher 4 0O
susceptibility to sickness
among those who took drugs and/- 70
their tendency to wait -ntil
they felt ill before taking the S S0O
tablets, The taking of anti- 60
motion sickness drugs wei twice
as frequehtt in the females 2- 40
03%) as in the males (37%)•,_ so

3.2.4 .iapaneee studies 1 20
During a 4 month voyage in

the Pacific Ocean aboard a 97 10
metre sail training chip, 35
cadets (aged 18 and 19 years) 0
with no recent sea experience 0 6 12 18 24 00 Be 42 48 84 60 68 12 78 84
were asked to report their Time since departure (houre)
motion sickness experience
(Mends and Yamagami. 1962), A ri e I Variation in vertical motion and percentage of

The vessel had dominant roll# seasick passengers during 84 h voyage (adapted from
pitch and vertical motions Nieuwenhuijeen, 19.8).
between 0.14 and 0.17 Hz.
Using data from a later study
(see belcw)i Goto and KMnde (1977) resnalysed these results to quantify the decrease in
vomiting with days at sea. They suggest that motion sickness incidence should be
calculated from the product of two vari bless a 'human response function' and an 'exposure

*• effect function'. The human response function ie determined from the acceleration raised
to a suitable power (see below) while the exposure effect function is derived from the
change in motion sickness on successive cruising days. They showed that serious motion
mickness, and lesser symptoms, decreased as days at sea increased, with a straight line
inverse relationship between days at sea and the logarithm of sickness incidence: the
incidence of motion sickness symptoms fell to about a tenth over the first 10 days at sea,

A study of motion sickness among first year cadets with no previous experience of the
sea during one month aboard a 115 metre training ship is reported by Mends et al (1977),
The cadets were monitored at half hour intervals during watches and during rest with the
reported data coming from 2-day cruises during a one month period which also involved time
at anchor and in port, Vertical motion was measured in the navigation bridge and is
reported as r.ms. acceleration with a frequency in the range 0,17 to 0.21 H2, Observation
over a period of 8 hours after leaving port, with a 4 hour watch commencing 2 hours after
leaving port, showed that the incidence of motion sickness increased greatly during a
period commencing half an hour before going on watch, Those with Isevere symptoms of
motion sickness' increased from less than 5% before this period to more than 60% while on
watchs those with 'any symptoms of motion sickness' increased from about 20% to about 80%,
The incidence of motion sickness fell immediately after the end of the watch, In the
example shown, the magnitude of vertical motion Increased for a period shortly before the
watch but subsequently remained almost constant at about 0.6 ms

5
' r,m.c, The authors

explain the fall in motion sickness incidence following the watch by the crew lying down
or going to sleep. Goto (1981) links the increase before the start of the watch to the
cadets wakinq up to prepare for tasks.

The study by Hands iL dl (1917) also yielded graphs showing Low the percentage of the
cadets with sickness increased with exposure time during seven different periods at sea,
DifLerences between voyages are explained by either differences in the magnitude of motion
or the prior experience obtained during previous voyages, It is shown that the incidence
of sickness continued to decline with up to 12 days at sea. Gruphs are also provided of
the maximum number of persons to suffer from motion sickness during a voyage as a function
of the vertical motion present at the time when this incidence of motion sickness occurred
(after 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"- r.m.s.)]

Percent with alight or worse symptoms - 106 loglo a + 104

Percent with moderate or worse symptoms - 108 logto a + 75

Percent with serious symptoms - L14 log,0 a + 56
These relatios are illustrated iin rigure 3 Using both logarithmic end linear scales of
acceleration. The similar gradients for the regressions between sickness and the logarithm
of acceleration for the three degrees of sickness suggests that the use of only severe
symptoms (i.e. vomiting) in other studies may allow the estimation of the relation between
motion and lesser degrees of illness, Howeveri also shown in Iigure 3 are the values- •. • ~~~obtained for vomiting incidence preduced by vertical oscillation in the laboratory at 0.166 •.,...
MH by 0' Hanlon and McCauley (r974 and vomiting incidence predicted using the motioh
sickness dose value procedure (MIDV) for a two hour period as specified in Aritish Standard
6041 (1987), The authors suggest the greater sensitivity to motion in their Study at sea

.. .... . . .. ..... . ...... .. .
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lfiguzae 2 Variation in motion nicknaes with magnitude of vertical motion. [Data from hande
at al, 19771 O'Nanlon and McCauley data lasee section 4 .3) and MSDV predictions (see Section
4.2) for 2 h exposures to 0.166 Hz).

was due to -the absence of toll and pitch motion in laboratory. experiments., Other
a planationas are possible, including a different interpretation of the descriptors of
motion sickness severityi the definition of serious symptoms in those aes triaai ie
Aim "extremely unp #*sant sorenations, Vomiting, lost of desire to do anything", whereas the
data from the laboratory experiments and the data used in the motion sickness doae value
prediction are based solely on the incidence of vomiting, (The degrees of motion sickness
used by Kanda at al, 19717 and shown in Figure 3 &ate Grade 1 (slight) - "somewhat
uNpleasaent sensations, but capable of carrying ot normal, unchanged life ... "I, Grade 11
(moderate) - "considerable unpleasant sensations, occasional nausea, hard to do work or
carry on other activities aboard ship"t Grades III (serious) - "extremely unpleasant
sensations, vomiting, lose of desire to do anything").

Further analysis of three onea-month voyages consisting of two days at not interspersed
with 7two or three days at anchor around the coast of Japan is reported by Goto and Kanda
(1977). Vertical motions measured aboard the 115 metro motorised ship wers all in the
range 0.4 to 0.7me-' r~m,s. (dominant frequency 0.14 to 0.2 Ha) . Groups of 40 to 60
merchant cadets with little sea experience participated in the study and were questioned
about their symptoms of motion sickness at half hour intervals throughout watches, An

* analisis of data from the two or three hours of the first day of each voyage showed that
*the noidence of vomiting increased very rapidly with increases in the root -mean-s quare

vertical' mationt approximately 10k vomited with 0,45 ma' tin~s, while about 501 vomited
with 0.55 ina' r,m.&. Use greater rate of increase in theme field studies than. in
laboratory studies with vertical motion was attributed to the presence of motion in other
axes (e.g. roll) and the infeotious influence of tailors seeing others vomit. It was
inferred tram the data that$ between 0.4 and 0.75 ms" r~m.sa., the motion sickness incidence
increased in proportion to the r~in~s. acceleration raised to the power of 4.6. Above 0.75
ms-' r~m~s. it was assumed that there was 100% sickness incidence while below 0.4 me" r,m.s,
it was assumed that sickness incidence increased in proportion to r,m.s, acceleration
raised to the power or 1.6, Compared with the earlier study it was observed that
acclimatisation took place more slowly when sa experisnce consisted of a series of short
voyages as opposed to P continuous voyage. The authors concluded that the incidence of
motion sicknesam reached a peak witi2 or J hours and that there is both a fatigue effectand an Acclimatization effect, They suggest that motion sickness does not, therefore,
follow a simple time-dependency in which exposures are equally. severe if the exposure timed
multiplied by the squares of their r~m~s, accelerations are similar, (Unlike some other
studies, the measure of sickness used it this series of studies was the number of persons
suffering at holf hour intervals and not the cumulative number of persons to have suffered
since the cormmencement of thu voyage.)

Goto (1901) suggests a refinement to the above prediction method such that the power
*jto which the r.m~s, acceleration is raised varie with the severity of sickness in addition
*to the magnitude of the motion. Formulae are also provided to predict the riese and fall

in ntwfbers of Persons $uttering from sickness as the voyage proceeds over s few hours and
over several days. He suggests that habituation to motion is less on days when the
magnitude of motion is low.

.2,.5 UmLted states GOWs OWLS& Stuhd61
Wikuer at dil 1~99al7$b 19S0) report a comparison of sea sickneoss among 10 Geast

Guardsmen aboard three very different craft steami 9 side-by-side in sea state 3 over an
octagonal course for 4 hours twice a day for three gaye. Theo qraft were a 23 metre patrolAJ
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boat, a 115 metro outtor. end a ?7 metre small waterplane area twin ~utl (SWATK)-. The
vertical motion onr the patrol boat fell-il the range 0.15 to 0.15 ma' r.m.a, (ovar the
frequency range 0.2 to 0.45 Hs(i the vertlcal motion on the cutter was in the range 0.08
to 0.27 MS-2 r,m,s. (0.12 to 0.37 Ha)j vertical motion on the SWATH Weis in the range 0.4 to
0.37 ms*' r~m~s, (0,12 to 0.4 H%). O f 64 episodes of vomiting, 63 occurred in the pat ro.1
boat and one aboard the SWATH - a5 finding consistent with the higher magnitude of vrtical
motion) in the patrol boat, Vomiting and lesser symptoms of mot ion sickness were greatest
when steaming with a component of head msea, Multiple regression analysis of data from the

arlbat showed tthat motion siokness severity was greatest when motion frequencies were
ow ad mgnitdeswere highi dooreasing the magnitude of the motion or. increasing thes

frequency of the motion resulted In a decreasee in the severity of motion sickness, The
authors suggest- that the data support the view that motion sickness 13 primarily caused by -
vertical translational moinand nob roll or pitch motion,

A, further study) was condu~cteA to compare responses of 11 Coast Guardsmen to the
motions aboard the 29 metre patrol boat with the 27 mptre SWATH during one day in dock and
two days at sea (Wiker and Popper, 1991)., Again, there was more severe motion and more
s evere motion sickness aboard the patrol boat, Motion sickness severity increased 'during
the sight hours at sea each day, Although the motions wore similar on the patrol boat on
both days at,.aqa!. th mot4.gneickneso was apprecik)Zly greater on the first day,M

32,8.0 Dav~id.* Taylor Naval SU~P Reseauch and Development Cente, study
A four day sea-keeping trial on a 42.6 metro Coamt Guard Cutter yielded date on ship

motion and crew sickness while sailing around an octagon course seven times (Applebee at
&I, 1980 . Each log of the course lasted 30 minutes, commenring with head seas and
subsequently turning 45 degrees
to port until the octagon was
completed, Vessel motions were
measured in earth-referenced
ewxes at the centre of gravity Prcerit asaslak
and in sh~ip-referenced, axes

* within the pilot house *and the _

mess, The vertical motions and * lotUf ru *fd&Uf &W un ownsrr
prcentage of crew reporting ga 4t ru 6 1 u th runs.icknesas were greatest with head

seas end least with quartering
* and following seas.

Significant sickness
occurred among the small crew
even in sea state 4. The
Pierce ntage reporting to be 40.
Mentally or physically impaired
by either Iseasick only" or
"seaesick and excessive ship go.
motion#" varied between 0 and
654, rigure 4 shows the

* variation of this measure of
sickness with heading for the
six runs around the octagon for 46 0 48 0 IN ¶14 0 IN 70 615 6OW
which it is available, Figure, Hedn ose dgn
4 also shows the equivaleant H~~gt e dqm
variation in the aotion norma-l
to the deck surface in the crew
Mass, on some rune there is
evidence of the severity of v..~a oin(e ITIg)* motion sickness symptoma'lajqing C 4
behind the severity of the
motion but, generally, thle mo let run 060&Wrun O Ord run
motion sickness varies in a__
aimilar manner to the magnitude 4thTf ru 2106th rna 60 7th run

* of vertical motion,..

Figure 5 shows the relation
between. motion and motion
siok~ess over the octagon course
for the six rune, it 14s
apparent that nome habituation
occurred during the trial so
that tihe extent of symptoms
decreased as the runs increased O
independiently of changes in tile
m~gnitude of 'the vertical
motionin The Bidrcentaqe
reportin sea sickess Lo D _________________________
consistently greater than the 0 48 0 a IO M 10 66 O
percentage who would he ex-ce Heeding so ING no 17goil )
to voloit based on 30 minuteto
sxpo~iurss to the reported
mca ions during each leg of the VrLgua4 Variation in maqhiUd4i of Vertical motion and
octagon andi the motion aitkregs sl1Tiorisiokrtoes during six runs around an octagonal
d~se value (see Seotion 4.2)ý VOUX86s in a 42 5 Ma Coast Guard Cutter. (From Applebee, ý

1980t 0 deq correspunda tn head bess),
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riyus aI Rolstion 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, lineD),

This may be partially due to the cumulative effects of motion amparionced prior to each leg
( there was appreciable transit time to the location for the trials and a 30 minute periodof wave measurement before the first run) . Additionally, the reported sea sickness
responses do not necessarily imply vomiting as predicted by the motion sick~ness dose value,

Applebee and Baitis (1984) report sea trials aboard an 92 metre Coast Guard Cutter
during Which both motion and the effects of motion were monitored. The magnitude of the
motion and the extent of sea sickness varied with heading relative to the sea end the
location of crew in the vessel,

3.1.7 fltu4Ls by the Institute e1 *huatd. and VibrationMim eeaueb, ZI.V.,,
Atudies of motion sickness among Laze-paying palseengets on ferries around the wiritish

coasts have been reported by Lawthor end Or-.ffin (1866, 1907, 19886,b)., The full aeries
of investigations, which were conducted by the Institute of Sound and Vibration Rfleearch
a t the University of Southampton in Engqland, yielded data from 20,029 passengers on 114
vcy ages aboard six ships, two hovercraft and a hydrofoil. Passengericharacteristics and
reaponses to motion were determined by means of questionnairs administered near the end
of each voyage. information obtained about passengers from the questionnaire included
their regularity of travel, whether they had felt ill, when they had first felt ill,4
whether they had vomited, whether they had taken anti-seasickness tablets, how much alcohol
the 'h4ad consumed, where they sat on the vessel, their age and their gender The..illness
rating~waslabtained from a four point &*alai It felt allaright', 11 felt slrghtly unwell',
t I*-feji: quite All? , I.I felt abeolutely dreadful' . In the subsequent analysis these
responmpswers adok~d from 0 to 3 and the average determined over the groups surveyed, The
v::po. mtin. w~ esrdi i xsC-p y-# n- roll, p itch andi yaw) such that the
instantaneousi: motion *.khroughout every voyage at any location on any vessel could be
dettrmineod. The motikoft were based on ship-referenced axes (not earth-referenced) since
it was donp-tdarid that these motions better represent the forces experienced by passengers.

condtiod- arid fom almto erytouh, he ertcalmotion varied from less than 0.1
ms1r,m~s. to almo~st 1.0( me" r,AY p. and the incidence of vomiting varied from 0% to almost

40%. rigure 6 illustrates a typical 100 a period of ship motion on one voyage. The
vari~kt4.on in motion with positi!on irn this vessel is discussed in Section 3.3 below, It was
$hewn that there wA4 a high correlation between the 2- atie motion of the Vesee1 and both T,
vomiting incidence and itllness. rating, Although a significant perwentage of passengers who

- U -YV .`lj*ýý'--"4-.
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felt unweil did noat vomit# there was a high correlation between vomiting incidence and
il n esas ratings across v~yages. It was found that the mean illness ratings increased with
Li1me at assa and, of course, the niumber to have vomited also Increased as the voyages
p Logressed, Figure 'I shows how the relation heti.eer vomiting incidence and vertical motion
and the relation bstw~en Illness rating and vertical motion changed s. the voyages
progressed. It was shown that the effect of exposure time could be incorporated within a
measure of motion dolse given by the integral of the acceleration raised to a power of
aiher 2 or 4 with respect to time. A power of 4 eoquivalent to the vibration dose value,
.'Ie British Standard 6841, l9871 Griffin, 1990) provided the highest correlation

coefficients (0.86 for vomiting and 0.88 for illness rating) but the advantage of this
measure over the more easily calculated power of 2 (equivelent to r,m.a. acceleration) was
not great I)cirrelation coefficients of 0.83 for vomiting and 0.86 for illness rating).

.1301 [ ]
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0 0.5 1,0 0 0.5 1.0 0 0.5 0.1 0 0.3 1.0 0 063 1.

"WreIPercentage vomiting incidence and illness ratinq ab a funcOtion Of the M99hitUdie

of vertical motion for periods of 4# 1, 2# 3 and 9 hours au reported by Lawthe: and
Griffin, 1996. (Data ohtained on a 400 tOMO,' P9 Mett paueenyer fejuyý each point
represents one voyage: spearmalk'S rank correlation coefficients also shownl
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8'roin the questionnaire data obtained in the above studies, Lawther mnd ((riffin (1998.)
report that, overall, 1.011 of passengers vomited at some time on their journey, 21.3% felt
'lightly unwell', 4.3% felt 'quite ill' slid 4.11 felt 'absolutely dreadful'., Vomiting

incide nc* and illness ratings were greatest in females (a male to female ratio of 3 to 5)
and there was a slight decrease in sensitivity with increasing age (mostly due to increased
sensitivity among thoem aged l eas than 15 years) , Vomiting incidencoe and illness ratings

*were greater in passengers with leasnt experience of ea& travel. Twice an many passengers
vomited in the group taking onti-motion sickness drugs as in the group not taking drugs
an effect attributed to a greater urne of drugs among peassengers who are more susceptible
to motion sickness, Consumption of alcohol during the voyages was associated with a lower

*incidence of vomiting and illness - possibly because those susceptible to sickness are less
likely to drink when exposed to motion,

3.3 Milleat *9 position in vessel
Chinn at &1) (1953) observed that during drug trials on five crossings of the Atlantic

in transport ships, the sea sickness was least ftequent among those quartered amidships and
i ncreased among those quartered to the fore and those quartered to the aft. Handford et
.1 (1954) reported a si4milar finding, From the results of 15 areasings of the Atlantic
Ocean it was found that there was aickness in 17.pt of troops quartered midshi, 2 3.7%
among those quartered form and 32.611 among those quartered aft (Anon,1956).

In their surveys of sea sickness on
passenger ferries, Lawthen and Griffin
(1906, 1987, 19B8a,b) measured the vessel
motions so as to h.' able to calculate the
different motions experienced by different
groups of passangeri. Figure 12
illustrates how the acceleration power
spctra of motions on oils vessel varied

wIth longitudinal, lateral and vertical
pos0ition within the vessel, Since
vertical motion warn shown to bs the
dominant cause of sea aickness, the
variation front bow to stern is of greatest
importance.

In ships, the liae' vertical motion
(and lowest incidence of motion sickness)lbWCA
mybe axpcted amidships - unless thim 0s0
location aworse for some other reason

sunh aso a move restricted visual field,
On hoveroraft there in appreoiably more
motion at the front and more sicknes siey h-.
be expected at Lhis location I(Lawth~r, and
G rif fin, 1 9 e~b OIt-l

3.4 Effect of subject othavaoeuias~ticas
3,431 Ofdene

Two studios at tesm have found femalesMak
to be more susceptible to motion mickness
than males, and similar findings have been
gepoted in laboratory wexperimentsa (see
riffin, 1991), Nieuwenhuijsen (1958)

reported that females were more
susqeptible than males (in the ratio 3s2),
using data from one ship, Lawther and
Griffin (1996) found a ratio of 513,
Lowther and Griffin 11908b) showed that
the effect occurred in all age groups over
15 years and that It was not, due to the Yigure 12 Variation in the acceleration
increased use of anti-motion sicknes power spectra of translational motion as a
drugs among females, Indeed, the effect f unction of position in a ship (from Griffin,
was greater among passengers not taking 1990),
drugs (a female to male ratio of 1807 to I
1) than among drug takers (1.15 to 1) . In
contrast, Levy and Rapalpor~ (1988) report no difference between the melee and females
partici Pat Ing in a drug trial aboard large sailing yachts.

3. 3. A"e
Chinn wt o4 (1952) observed that on a troop ship the incidence of vomiting declined

with increasing atge: when including those who received active drugs thero were 33.61 who
vomited in the age range 17 to 20 years while 14.1% of those in the range 30 to 39 vomited,
Chinn et dl '(15953) again observed that the incidence of sickness on transport ships
decreased with increasing age between 17 and 39 years. Handford 3tsC(94 fun a
similar trend with 33% vomiting incidence among troops less than 20 years of age and 13,3%
vomiting among those over 40 years of age. Using data from troops on 15 crossings of the
Atlantic Ocean, 0 clear age effect has boen reported with 28.1% sick among thome aged 17
to 19 years, 22.3% among those aged 20 to 24 ypi 16,1% among those aged 35 to 20 yeats
and 0.7% among those aged over 30 years (Anon, 1956), NistutenhuiJeen (195S) reported a ~
non-linear decline in snusceptibility with increasing age. .

~ :~T.
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Lawther and Gtiffin (1988b) found that both vomiting incidence and illness ratings
among passengers below the age. of 15 years were about double those of older passengers.
Above the age of 15 years there was a slight decline in illness ratings with increased age
but no change in vomiting incidence.

3.4, VosetJaJra funtion u.
Minor (1896) reported that he had observed deaf mutes to be immune to sea sickness and

concluded that the problem was caused by "irritation of the semicircular canals". He
mentioned some experimental results (involving rapid turning around) in support of the
conclusion that a solution of cocaine.dropped into the ears was a moat valuable remedy for
sea sickness. Among laboratory studies, Sjdberg (1931) reported that three deaf women A
failed to become sick when raised and lowered by a crane in a manner which caused others
to become sick.

Kennedy et al (1968) compared sickness in twenty control subjects and 10 labyrinthine-
defective subjeots during a 28 hour voyage in a small vessel in very sever* ases. While
the labyrinthine defective subjects mainly experienced only drowsiness, 15 of the 20
control subjects vomited and the other Live felt rather ill. The authors conclude that the
presence of vestibular function is necessary for sea sickness.

3.4.4 poature
Wollaston (1809) offered a theory of Aea sickness based on the motion causing movement

of the blood and intestines, He referred to a friend who achieved ;eliof from sea sickness
by lying oh-the deck with his head towards the stem of the vessel. It was suggested that
with pitch motion of the vessel when lying in this posture he was in a position equivalent
to descending backwards in a swing and, unlike descending forward in a awing, there was no
tendency for the motion to force the blood towards the head, Irwin (1881) refers to "the
well-known fact that see-sickneas is least felt in the recumbsnt posture, with the hoad low
and the feet towards the stern" and offers an explanation based on the anatomy of the
vestibular system and the intent of nature to provide for body equilibrium in a vertical,
but not a horisontatl orientation. Brooks (1939) advocate. a prone postute with the head
raised ver litle$ if at all, facing away from the sea.

Studies with more than 2100 soldiers on landing craft found that there was 25% to 42%
prevalence of sickness when the men crouched for up to 3 hours but only 5 to 19% sickness
when they were allowed to stand, apart from the last ten mintute before reaching the beach
(Tyle, 1946) . The increased sickness when crouched might be due to the different
orientation of the head or the reduction in external vision,

Several studies have reported that motion sickne.N increases when crew leave their
sleeping quarters (e.g. Handford et al 19531 Kanda at &l, 19771 Goto, 1981), Studies of
the effects of head position and body orientation on sickness induced by the drug
apomorphine, revealed that vomiting was far loes when subjects were supine (Iseacs, 1951).
The benefit was shown to be due to the supine posture of the body and not from the changed
orientation of the head,

3,4,5 Visual field
Looking at the horiron is commoniy said to reduce the incidence of sea sickness, while

working below deck with no external v sul field will increase sickness, Studies at sea
have not clearly separated the influence of the change in the visual field from the changes
in the motion and the changes in body posture that occur with different locations, for
example, Tyler (1946) found that a crouching posture gave rise to increased motion sickness
on landing craft but was unsure of the extent to which the effect was due to the posture
or the Inability of the soldiers to see over the gunwales,

The widely accepted benefit of a view of the horizon is largely based on the personal
oxpetlenca of many sailors, Controlled studies have not been conducted to determine the
precise requirements for the visual field to be beneficial or how thin benefit could be
simulated without an external view, The percentage of persona who benofit from 'viewing the
horizon' Is also unknown.

3,4,6 Ae•AvhLLes
Some old accounts of sea sickness advocate the benefits of taking -tctivc oxer•cie aso

as too lesson the signs and symptoms of motion sickness (e.g, Savory, IVU10 Bronke, 1939).
Among troops crossing the Atlantic Ocean the type of duty did not appear to affect the
incidence of sickness (Anon, 1956).

5.4.7 Susesptibility to diffeent typeo of smotion
Kennedy and iraybiel (1962) ewposed 21 subjects to motion in a slow rotation room,

aerobatics in en airoraft and to heavy and calm seas in a 19 metro boat, They report a
correlation between findings in the slow rotation room and sickness in heavy seas. Kannedy
at al (1968) also report a significant correlation between the speed with which control
subjects succumbed to sickness at sea and their susceptibility to sickness in a slow
rotation room,

3.4.1 Pladelse ofaoht
It is often suggested that the administration of an alleged remedy may be sufficient

to reduce the incidence oa severity of motion sickness. Tyler (1946) found that in Studies
with 563 soldiers in landing craft those liven i placebo drug auffemed from sickness to a
similar degree to those not provided with any medication, In contrast, during a study
using waves generated in a tank, la8e. and NcCanoe (1859) found that there was
significantly lss vomiting among men taking a placebo than among men taking no medication.

• " '~~~~~~~~~~~...... ."........ . ........ •.',. .•'-:....." ..... ' •..
AN"11S. .. , . ... ,.•• •. . •A • L • .• : : • :. . • . ... .. ... *!, '• .. . . .
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W~hen passenigers choose whothezt to take anti-motion sickness drugs there in greater
sickness among those who take the drugs than among those who do not (Nieuwenhuij~sn, 1958;
Llwthe and Griffin, 1986b)(, Passengers presumably take the drugs because they believe
that they may reduce or eliminate sickness. The high incidence of sickness among drug
takers suggests that noither the active component of such drugs nor the placebo effect of
consuming the drugs are sufficient to counteract the increased iusceptibility to motion
sicknes among those who believe it is both necsessary and beneficial to take anti-motion
sicknes, drugs.

3.4.0 Nabituation
Various studies have shown that: the incidence of sickness declines after a period of

eXponure to motion and two or thrqe days is often quoted as the period required for
aignificant habituation Inse Glaser and Hrey, 195kr-'Bruner, 1955# Glaser and McCance,
19919 McCauley at al(, 19761 Kanda or *1, 1977; Goto and K(endal 19771 Attics at al, 1967).
However, a previous exposure to the motions of ships does not guarantee immunity to sea
sickness, )'or example, a famous English Admirel, Horatio Nelson (1758 - 1805) was
continuing to complain of sea sickness after a career in which he had spent more than 6300
days at sea.

3.4.10 Other eftects
A trend towards greater sea sickness among heavier men was found in studies of troops

crossing the Atlantic (Anon, 1956),

Lowther and Griffin (1986) found that passengers who had rarely or never travelled to
sabefore had a greater incidence of vomiting and greater illness ratings then those who
travlled more frequently,

4, ITANDMDI ]Pon A81388=0 111P NOTION WITK PRX81,T0 TO 113h UIONIE
4.1 Intemnational Steandard 2131 Part 5 (104S)

This standard suggests the magnitudes of vertical motion in the frequency .ange 0,1
to 0.63 No which will cause vomiting in seated or standing young fit males. The magnitude.
are specified for expomures of 30 minutes, 2 hours and, tentatively, eight hours, The
magnitudes and durations &to in an inverse-square reletionship so that doubling the
magnitude of the motion ie equivalent to a four-fold increase in the exposure duration.
The dependence of motion sickness on motion frequency given in this standard is such that
sensitivity to scceleration is greatest between 0.1 end 0.315 Ha and then fells so that theacceleration magnitudes required to produce sickness at 0.63 No are 3.15 times greater than
those required to produce sickness at 0.315 No and below (see rigure 14 below)., The
contents of this etandard were formerly known as ISO 2631 Addendum 2 (1982),

4.2 *ziLs~h Etandard $641 (1987)
This standard defines a frequency

weighting (W,) to be used for assessing ,oNrmaIlmed vomItIng (ft per rnr'r^me)
vertical acceleration over the frequency
range 0.1 to 0.5 HR. The weighting is + 4. glehmontasiets
fo rmulated mathematically so that it can be +.
incorporated within analogue or, digital WIaypoi 441 +
filters - but a simplified, straight line W "1 8abesI5eNl BOSM
approximation is also defined. This has + +4
maximum sensitivity (i~e. unity gain) in the
r ange 0.125 to 0.2b HR where bensitivity is 1
drpendent on acceleration, bletween 0.2! and +
0.1 Hal sensitivity falls at 12 dfl/octave so +
that response is dependent on the
displacement associated with the motion. The
shape of the weighting was mainly influenced +
by laboratory studies, its derivation hen
been detailed by Lawther and Grý,ffin (1967)
end is compared with some laboratory data in 00.
Figure 13. Other information is provided in Prequency (Hz)
Griffin (1991). figure 12 'Normalised vomiting incidence'

for 2 h exposures & weighting W1 fromiSritish Standard 6641 also defines a 31ritish Standard 6641 11967) . (Data frommeans of predicting the incidence of sickness M~cCauley at al 19761 norumalised vomiting
Vdue to varying durations of s-axis vertical incidence - ( vomiting)/(rm.o',.

motion , A'motion sickness doese value', acceleration, ma IMSDV,. is definedi

motion sickness dose value, MatDV,

where0 a,ý. is the root -mean-squareo acceleration (in ma" after frequoncy weighting using
weighting W,) determined by linear integration over the period t (seconds)

The standard says that the percentage of unaeipted adults who will vomit is given byt

percentage who may vomit M /3t4DV.

Doubling the mhagnlitude of the motion, or a four-fold increase In exposure duration, will
therefore double the predicted incidence of vomiting. The standard states that the aboveIrelations are based on exposures lasting from about 20 minutes to six hours with a
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prevalence of vomiting up to 70%. i'igure 14 AooeleratIon (mse- rmae,)
shows the root-mean-squara acceleration 10
required for 10%, 20% and 40% of persona to
vomit due to 2 hour exposures to motions in
the frequency range 0.1 to 0.5 Ht. The peak
displacements corresponding to these values
are shown in Figure 15.

BS 6841

4.3 Obhem emRhed 40 %
The data from various studies, and

common experience, suqgests that problems 1
from motion sickness are greatest on 20 %
smallest vessels. Pethybridge (1982)
reported the results of a survey of motion
sickness among crews of various Britibh 10O
Royal Navy vessels and determined
mathematical relationships between the ISO a1 Pt 3
incidence of sickness and vessel aime. For
example, with displacements of 200 tons, 10
1000 tons, 5000 tons, 10000 tons and 20000
tons the predicted incidence of motion 0,1 ,
sickness was 67%, 62%, 50%, 41% and 29% 0,01 011 1
respectively, In this study, motion
sicknoss incidence included any of the Freauenov (HzI

rijAre 14 Verticul acceleration expected tovaried symptomi of motion sickness and was cause 10%, 20% and 40% vomiting during 2 hnot restricted to vomiting. exposures from British Standard 6841 (1987).

Only two serieseof studies at sea have (10% vomiting incidence in 2 h according to
resulted in suggested methods of assessin� ISO 2631 Pt 3 also shown, Figure from
ship motion with respect to motion sickness. Grffin, 1990)
The findings from the studies by Lawther and
Griffin are embodied in the motion sickness uaplaeoment (/- metres)
dose value procedure defined in British 10
Standard 6041 (1987). The studies of Goto
et al led to a prediction method which is 40
somewhat more complex buL has some
similarities. Unlike other procedures, the
method allows for the percentage of sick 20%
persons to fall during a voyage and for
motion sickness to decrease on subsequent
voyages (see Section 3,2,4 above), 10

From the results of laboratory studies
of motion sickness caused by vertical
oscillation, a series of formulae for
predicting motion sickness incidence (MSt)
were proposed by O'Hanlon and McCauley
(1974), McCauley and Xennedy (1916) and
McCauley at al (1970), The method applies
to motion in the frequency range 0.08 to
0.13 Ha with maximum sensitivity to __ ,_ ..... _, _ ,_,__
acceleration at about 0.16 Hm, The
assumption that Mal will vary with 0,01 0.1 1
acceleration and with time in ogival form Frequency (HZ)
6i0.T a cumulative normal distribution)
resulted in mathematical operations somewhat FIfgure 15 Peak displacements of vertical
more complex than those required to sinusoidal oscillation required to produce
calculate vomiting incidence using the 10%, 20% and 40% vomiting incidence during
motion sickness dose value, Motion sickness 2 hour exposures according to British
incidence (MSI), expressed as a percentage, taindard 6841 (1987). [Figure t•om Griffin
is assumed to be the product of a term (1990)H
representing the influence of motion
magnitude and frequency, PA, and a term expressing the effect nf motion duration, PI

Mal - 100 PA P,

The term PA is Lalculated from a term, %At quantifying the effect of magnitude and frequency
and a term leacribin4 the form of a cumulative normal distribution (in practice this may
be obtained from statistical tables), The effect of magnitude and frequency was determin-d
from a curve describing the acceleration required to ptoduce vomiting at Various
frequencies in 50% of persons during two hour exposures, The mathematical expression may
be written *as

rA 2. 13 logoa - 9.28,logjaf - 1.81)(JogLf) - I,8

Where a is the v.m.,s acceleration in gs f is the frequency in Ha, The term P, is
calculated similarly to give a value for ~s:

--- A

4 
'A



Xr. 2log10t + 1,13 Z -2.90

where t is the exposure time in minutes.

Values of PA and P are obtained by consulting a table of the normal deviate z at the values
of zh and sz respectively, For example, with a 60 mit. axposure to an acceleration of 2.1
msa, rnm.s. (i.e. 0.21 g r.m.a,) vertical sinusaidal -. Gion at 0,25 Hi, za - 0,19 and z, -
0.87 So ?, - 0,57 and P, - 0.81 giving a predicted motion sickness incidence of 46%,

Lawther and Griffin (1907) compared the extent to which predictions derived from the
above procedure foroalcoulating motion sicknesa incidence (M9) differed from the procedure
for calculating vomiting incidence from the motion sickness duse value (MSr)V,). It was
shown that the frequency weightings were similar and that tho dependence of vomiting on
acceleration magnitude and duration were similar for magnitudes up to about 2.5 ma-, r,m,s,
and durationa up to about 6 hours, It appeared that the differences betwean the methods
were not sufficient for the available data to identify either method as being appreciably
more accurate than the othei, The MS1 procedure has an advantage of not being capable of
predicting a vomiting incidence greater then 100, although in practice this does not
appear to be a significant problem with the motion sickness dose value procedure. The
motion sickness dose value procedure may fit the available data Ilightly better at low
incidence@ of sickness and allows the prediction of illness rating as well as vomiting
incidence. Additionally, the motion sickness dose value is easier to calculate and
provides a convenient standardised method ot quantifying low frequency motion,

3. IV0NTZO O MOaTZON xzcmiuu

A wide variety of drugs, potiona and behaviours have been advocated for lessening the
F.oblems of NaO sickness. Many recommenddtions appearing in the early scientific
literatuire appear to be based on personal 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 scientific methods, Statistically significant
benefits to groups of travellers from the consumption (or avoidance) of certain foods and
drinks or the use of various commercial devices have yet to be proven.

Some behaviourial changes may help minimise the likelihood of sea sickness. Those
that can be recommended with most confidence involve minimising exposure to low frequency
vertical motion, adopting a position where there is a distant external view, minimaising
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 beneficiali this may minimise
conflict between information from different sensory systems and harmonise the various
reflex responses to motion.

Many studies of the effectiveness of drugs in minimising motion sickness have been
conducted using lkboatory apparatus. Most laboratory studies have been conducted using
Corolis stimulation (see Oriffin, 1991), The sensory mechanisms 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 restricted to investigations
conducted at sea.

Holling at al (1944). report an investigation of various drugs on minesweepers and
trawlers, Drugs containing atropine, hyoscyaminp, and hyosoine provided come protection
with the grmatest protection coming from hyoscine (i e. hyoscine hydrobromide, also called
scopolamine hydrobromide) a 57% were protected with a 0.6 mg dose and 73% were protected
with 1.2 mg, Hill and Guest (1945) found hyosoine was the most effective drug with about
80% of soldiers in lending craft protected by a dose reported to be 10 mg, Tyler (1946)
also found that hyoscine (alone or combitied with hyoscyamine, atropine, or barbiturdLur'
afforded protection in landing craft.

From studies aboard troop ships crossing the Atlantic Ocean, Chinn et al (1950)
concluded that hyoacine, diphenhydramine hydrochloride, dimenhydrinaie, trihexyphemidyl and
ohlorcyolisine were all effaotive in reducing sea sickness. Chinn et al (1952, 1953) found
useful protection with a variety of other active drugs on many further voyages, Handford
et ml (1954) reported a study conducted on a voyage acrost the Atlantic Ocean which
included a comparison of hyoscine, benadryl end postafene, While 50 mg of benadryl and 50
mg of postafehe were effective, a dose of 1 mg of hyoscine provided no significant
protection from sea sickness, A later study (Anon, 1956) found some protection with
hyosoine but the greatest benefit Was obtained with either 50 mg of meclisine, 50 mg of
cyclisine, or 25 mg of promethazins. On three trana-Atlan.io voyages, Trumbull at al
(1960) again found significant benefits from t0 mg doses of both cyolisine and maliminat
2.5 mg of pbehnglutamide and 7.5 mg of oinnarhaine also afforded some protection.

Glaser and Hervey (1951) report that 1 mg of hyoscine afforded p Leotion to 96%, 25
mg of phenergan protected 61S, and 25 mg of benadryl protected 44% of men on small boats
from vomiting. Using artificial waves in a swimming pool, Glaser and Harvey (1952) found
that 1 mg of hyosoine (and 0.6 mg hyoaoine with 15 mg promethasine) were more effective
than 35 mg promethasine hydrochloride. A I mg dose of hyoscine given only five to ten
minutes before the exposure to motion was offective, but less effective than when
administered 75 minutes before the exposure, Glaser and HoMCance (1959) compared fout drugs
with soldiers within tented rubber floats in a wave-tank. Again, I mg of hyoscine provided
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the greatest protection from vomiting (81%). A 50 mg d~si of cycli 11ins hydrochloride
rotected 50t whereas 25 mg of meclorine hydrochiloride and 8 mg of perphenazine waro nogetter than a placebo.

Aai"ýnq participan~ts in an oiean youth sailing club, Harcqreavea (1980) reported that
'ssauickness' was experienced by 511 of a group provided with a placebo &no by 26% ol' those
provided with 15 mq of cinnarazi.ne. Traatrment consisted of two doses one or two hours
before the start of cruises and one dose *very six to eight homrs at sea, A similar
procedurs found that subject reports of drug effectiveness were similar for 15 mg of
cinnarazine and 0.3 mg of hyoscine (Hargreaves, 1982). A study or' life-raits at sea for
24 hours found that both 0.3 Ing Of hyoscine and 0.3 Mg of hyoscine combined with 25 mg
ephodrine hydrochloride provided useful protectton from sea sickness (Tokola of dlp 1984).

Levy and R~apoport (91915) repiort benefits of hyoscin. when administered transdermally
at leaP't eight hours before sea travel, Athian at al (19811 found hat protection provided
by transdermal hyoscine wee 74%, 13% and 391 over three days at sea on a 3000 ton vessel.
A study of long term use of tranSd3rmal hyosoine at asea has also reported bentfiis (8hupak
af al, 19891.

The effectiveness of drugs depends on the conditions and the time of consumption.
Most drugs aea said to be suitable for administration about half an hour before exposure
to -notion, but cinhariuinie should be taken sbout 2 hourui before exposure. It i passible
that while smem may have a protective atition others may be more effective therapeutically.

Many drugs have unwanted effects which very butween individuals and range from trivial
discomfozt to serious Interference w!.th activities. The most common unwanted effecte are
dry mouth, drowsiness and headache, The wanted and the unwanted effects of dvugs may have
non-linear dependencies on due., vary between indiv~dusls siud clapend on the consumption of
food and drink. The time of adminiotxat ion and method of adminiatration (oral, transdermal
or injection) may alai influence effectiveness. The preferred drug for a single do*e may
not be appropriate for continued administration over several day$.

S. DZUCUISZOU AND MCULUS110111

Laboratory studies have shown that a wide variety of motions can give rise to motion
sickness, Sickness ccii be Induced bP translational oscillation (in the vertical, lateral
or fore-end-aft directions), by rotation about a vertical axis, by continuous rotation
about an off-verticial axis, by rotational oscillation, by head movements when totating
about a vertical axis, and by some other conditions - including motion of the visual scene
(see Griffin, 1991).

It is generally concluded that the vertical motion on ships is primarily roapnnsible
for sea sickness, This concluqion arises from evidence that vertical motion alone is
sufficient to cause the sickness while other motions alone arm generally Insufficient to
cause sickness.

From data obtained during a range of
voyages, Lawther and Griffin (1988a) found
high correlations between the magnitudes of *Alexanlder e el ci§(IN?
motion in all six axes on vessels: when the * C&Iacaeiystt w 11116
sea was rough the motion tended to increa~se Lothor and Oritfie I I55I
in all axes, Correlations between motion so
sickness (vominting prevalence or illness
rating) And the magnitude of motion were high 11
for all, axes, Lut the s-axis motion and the
pitch motion gave the highest correlations.
Using multiple regression analysis, after
incujuing the z-axis, the addition-of other .
axes ir'tn the regression only marginally
improved the overall regression coefticient,
Lowther and Griffin (1981) showed a high **

cerepondence betweean motion sickness data
obtained at see and data obtained in the *
laboratory by considering only vertical *..
oscillation. figure 16 compares vomiting
incidence as a function of mottin sicknessti t
dose f(,r the Lswther and Oriffin sea studies,
the laboratory data Obtained by Alexander at N )0 IN M5 MU
aJ (1947) and, the laboratory data reported by DM5 lom15i
McCauley of, al (1076). This figure suggestsi
that laboratory data and see data fail about Vfiune Ill Relation betweeti motion
the *assi regression line# with moat of the sickness doese value and vomiting incidee
laboratory data giving high vomiting for laboratory sudies with vertical
incidenoes and most sea data giving lower motion reported by Alexander et &1 (1947)
vomaiting rates, and McCauley at al (19161 and seed studies

repnorted by Lowther and Griffin (1986).
The vertical motions of vessels sare

partially caused by pitch motion, so sickness
will reduce if the pitch motion is reduced, However, the magnitude of pitch motion is
uuausJly very small (sometimes below the threshold of perowition of rotation) and there isZ"
no evidence that the pitch motion experienced on shilps is sufficient to cause sickness

r'M
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horizontal axis, suIggest that roll and pitch motion can often b6 discounted as prime causes
of sea ikea(s Grfi,19)
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pondiode en tentant campts do so fastout., Enfinl, 11 no Naut mmdonfosent 116 A l'.pd~ona pulialabllo d~un indiviR.

Aoeoubger quo Is epsironto do urintoe saeprimne per Is donn au moment ob Ion eoshert It 6Wiuer am talkingl.
mkso an Joe du Wfsyoit nervous utonomo at quo too A"s AI a pu Atto oboorvl onosodatiquoment que dee
caroatklstiquos intrinsiques do fonatlonnomant do to porsonnels issue do Is marine, babiltuilment rweaftnta au

funtdm vent gOidment sawer une Mialun o ur I& mat do met, r6~laient uns osnalbiliti uoeladement plus
sumcptibilltd. Co sont ftlaniemot I.o dams vereinta du iovne viai & via de atimulation du t0p ooollrtstons do
syndrome, nemrosenorioio ot nourvdgdtaif, qul dolvont Coriolis quumn population do pilot.s do chaise
Atto cona~idk pour dvalsoor mu miova Is susoeptibilild d'un L'Iibiltuitlon, prialoblomont esquiso pout us -typo. do
lndil~du at Otistusahtoitot tenter de prdir eont stimulation (aesloritatons vortisalsa), note o twaaiom pas am
somportomost dana Is situation rhollsob AiI dolt dvoluor, pov dana Ia nouvolie uituationt ahoiesi pour #aMest Itt

poutleson 26),mciso uajit gobeomet ~suseptbiIti do Is population. 11 ont done olair quo
Pou Rom (6),oW s tsdut loboomet a toes I'Intorpratation do "flmiat& d'Ovaluation, quille quo solt Is

t'aisplabllI114 do rhoeptiviti at do capoot& do Mdention. mithodo utillsko inrfalt prondtre en oompts, oil eagit
Dune mentors plus ginirale, on pout sanoidker quo Is d~uso idlostion, am Oventuolloa difrdrosces lias k
distuibustion non-puseealwo do Isnsuaspiblltd dlassI in lespkirnce dee candidate,
population corrspond mants doute k Is combinatison des
verhblim qui peuventMowflunr d.iifdrents niveux our Is . da nm a faamadhhtalm
mnulbMl6hltlInviduoll

L'liibituation mux atimtulations provoailoes sat un point
Coo diffirents points vont done Atto maintonant ibordds oontual dui probtime dus cindtoso Laopparltion do so
eusosiolvomonet do tapsr plus d~taili pout tuntor do mieva qdtiomo oat pour cortains un offot smendaire do Is W"ie

farcomprondro lee diMultis hoe; it i'vaiuation at It Is, on jeu do Is ploavidtt nervouse raquise pour malts
pridioltlon habituation (9125). L'hbtmatilado *lultant do Psl'moultlon

l'ornitvltruorivet ou auxoatimilatlowncdo liboratohr evavent
2.1 ldml~tttd lm aitmatnaplus am moins rapliomot mien lea indivdus, Resont

dhstalo k iso nlveiu dos "adaptours" rpidesa isti ots (26),
On admat oaasmqumamnt (32, 27)quo Il 0osuos -tro sMains sosnblont no Jinamls atteindes mat nivou istishlaint
auscoptibles aux "s"atto es nt sonaiblos it lenuemble des (11). La plupart do& techniqums dvaluation utilmnt dos
tlimulations niaustoginiquus qul pouvat lout Atto strmulations provAstricsm candudeent dons I Ilapporition

appliqudo, cslloobul entretaant, d'une manure plus ou dlung asoutumance k osa stimulations, AMns faut-il Atto
mains lIdntique, llappathtoA do& qmptdma bien soneclentt du falt qoumno dpouv voegibulainr ielio no

sasdiiumdos "oinsoo. Codt rprdamtte is base do& donnte quinnk clish6 "Instantand" do lit svseeptibilitS d'un
toehtiqm dOvsuatonuihlent eodrouoopoveatrses lnMdk vis I vie dune stimulation donnis,

Caltls A&le st. pus Wloaismen. vhtiide notmalntent pour jn d ab du lm m ngu l
Is. iussoplbhhoau anal dol'paos (21), Do Mle, Mos
#I Cot. (23) dOt toppWid qm'am doll P4M~t dot It L'Imphisoton du eoisoll nere aN utenome danas Is
stmaihihtti sad intmrutdlirs ou 101be on pouvi abeouss qundome do sinktos o#et.un Aldeneto mteens do lenaue
dos diessca~tio oafts diffunts stimulatwIon, a do AA, M7 evs Une dofniante trk o stto do Vsel"4t
par*t*Nf Ieuion 4OikMe Wniut" *%WiuetNWo (pMUnMo Paoraapatillque am MRtt it d"60Opaeenh isu
lWetlands) ofa " "io nuIt par din atlmulatleou qmptloa. Alsl II ost posbles do penis.r quo too
v§OebusRWM (Cotlode, retats aUtou dm" M oeas"Ahelquo WInaiqus &do W qotlew n omfvgtai
horlsoftlAI, Pius indhrOt ln, LogWof Utlnder (Mi no dos asdillmatoaardpopiatA sidtobe ntsr
MWW4en Is" do o haml~if Mintro Is st00401b114t uM powtvut sfoWe- Is_ ouu"htiOMlt -fiiitil U(b* .M
deinbao &Wsud au mopn Ama quesostleana dents use sutetr bowvidtiqu, pour lou pow "UM) Inisn kti Si1.
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nioauiltd d'uno Itha Apanda stabiliti "Yeolbul vdigittmilva" Mo dirlvi. (9) divalloppill Aux Stmte.Unle at It "Motion
potIt odisasmonautoo. sickness Quustionnaire' rihtanntflqus da Ration (MSb).

La tablilti aroulva du q*atlm* narvalu autonomas to son L& piuport doo autsurs (%, 9, A2 27,) eoceadant k
*ao.itabiltt" somebla done pouvoir conaltllur ian bon consldirar quo In. divers. ilidso ompdtlnlntael maniao
eandldat @0mme Aliment doa mull %wguant dons Is Modbla dapuls ise travaux hlatottquu do Almandar at Cafl.(194S)
do Dnown. La pranda variabliti dana to tampa dia tonus at do 311mm (1949) dimontront Ia valdldti dos
nasurovigoif alms oft in ndivdu doann oftm alna une questionnaires, Daesi bonn.s oarriationa ant SinW pu
cui~altion ph~eoel~quo simplo -aim Variationa do Is W@a obtanusta vee des iprouvo. do labartaltulr male auul
suseaptlblll abwpvioa pout ian mime indivdu (1, 9, 21, avac I* mal do Ilair atIs mel do mau, plus idoomment, an
27). Cadi past bion iar ian probbimo dani llvmlumtiont do utillsant oan questionnaire apillquo, avac Is mal do$
susceptlbilllti prinelpulormont avo Ilutillutilon dliprouvee simulatours (8). Sion quo plus 1o0b6 male statlatiquamant
pravobataloe. slgnficastvo, Unan eorarlllon e igalamont Iti rapparti# Aved

Is suela an Wcel do plilatac (7)

Pluslaun points Impartanta miritant d'khas sauligni A,
ILea blon oannia quoalm distribution do Ia susospl~bIt0 atn prapas des questionnalrot.
elniteom dano Ia population linirals no suit pus una lo
normala, Quells quo suit Is mithada di~valation, an Lhlstoirs do mel des transporta rapportia Pat man sujet dolt
observe jiniralaniont do. distribution tenesment toujouro itt. pondkis par rapport A Imepimlanca doe
aeqamittlquat, partals multimodelles, male en usuon cas situutione provocataleo. Cod oat trio bin pris on compta

faa~nu par Is N30 qul attaelua una pandiratlon on fanotion, do
Plt'ntanlti dim O~mptlima rapportis at do Is Nrqooenco

On paut pensor quo Ia comblnalaon dos dlffrante 01imanto d'sspWtolin I Is situation qui I@$ a dkulonobia. Co
egnititutlls do I4s uscptlbililtl Individualla sont A lorilna qusatlonnmirs comporto igloatmnt Unn.station qui $plats
do go type do distribution, Cella approali corrospond l'hlatolr do mob des transport& avant Polas, do 12 ans.
d~aWom uss ace. Wn It lidia quo Poan pout an waoit an,
ut~iant Ite nations do nleaptivilti at dladaptablllti Los questionnaires mont habltuallornent trise torus It utillser
pricansiom par Roosn (26), qithitlaeiu plus rieommenl mints avoc une population tile Iimpananto. Lout coOt est
par enarmn, (1). maddri souls bian out Is plan financier quo star colul dma

tamps eansoeri It lacqaslelton des donnlea at k louw
Quail# quona molt Ilouigina, I& distribution anotiqua do I& trsitamont,
eumoptiblll dane Ia population conetltaao ans WWfemtI&
supplimentalre an matlito divalluatlon. Duen s m E n favendia, Ilie cmportont do. Inconvniants Inbiuanta k
condltions, i ls noeen offst pas poseible d'utillsat Ito Ia mitltoda sasninasiqia.. Alnall, eaton I@ dWOg do
techniques rolstivomant elimplo. dlanalys stlistlatqu motivatian d a endidat at Is canlasta, on pout fullamonl
comma ronlygo do veriants at Jos eddmatouws soul aboultf It una souisestLmatimn (condidat triO moasti) eta one
samanadee quo It mayeNn at liata.In r~go surorastimlon (sujit pata moilvi) do Is suuWptbhI# n~al.
skinilso, II ftug tocolarr k do. toohluques nion Quoday (7) noto quo I'assaclotion, amo do. dprotavos do
paramidtrquus utllllant I# dslasamant par rang des variables laboraolok condultithabitualolamnt I doe *ioltal plus
ota h i'snollaa mul~lfactorlollo, tiallakso quo teisque is quaatlonnalra as utlu leolimant

an dibut doadslaction,

On cnalius inislamnt 7,9,21,27) uo . mihod a ni htm o Inconvintanl rancantris Is pouvoir disoamlnant
On orr~clts ii amot (, 9 21 2) qo I mihods, do. 4uoslonnalres eanstitus ian problims majoutar It sit an

d'ivaluatlon do Ia suscaptibllliti lndvdcueba is riparilasani afta roconnia (M7 quo lto quadostaalre donnant dos
an roile $Mop. pfiiinsipull questionnaires anamnostiques, aisuttata oplthalow~ pour teo sum"6111tlbilltle mens,
cOWiletlon Pq~o~loglqoo ama phsIoiogquos ipratvo. suscptlibto ama ewmpil. male sent do pama d'malffid
ptovocostrlo Chop.o typ do. mifthda puiaaloot do. pout abassoItseadl Wa~t pnt manit umoptbili~t ilwtmkidlsal
ovamago. at do. Inoonviniante qu'Ul corriant donayma an
fonstmIado I'appllostlon, quo Ilon vaut an falsoa -

Dascm nomb~rousso. marble. pqfcht4*~uo ama
plyIolglUasiurili amo It minoopebillt6aa Ind dos

Los laeq nuee iralo oa'tlrosaakeI'Mooe otollrdosmaldao ooao t aotidia~rliss (01 St.7,). 1 evol IIIdo
transports viaas par us Winlvidma din d'"asua eam do varloblaa qul ent od cas alo . Is, Wee iaptlvl ("Mal;s
p"i",. em Wepaltiti vie & via dUn stivro~anannt oant nowaareamorseee au to 'wswsl# (wisest mnwutomdiat,

ithgntnpayidanado mutllp~la Ofta~
SUNAIWnASIM tidmlvan nt dit divolwkApp ON oft oh. L" Par, doniatienI, ii6vatmat"o 14 t mauom dIs W va 4 no
#u. hiqurm"Mw oW~k I 1'ou actuallea slm,. ham e do ig rMN at pastramis an cotaves m P~ev i glwaftuif
to 10flioubmalk o MOW mnoe Quoc~tit'nau t (MUO) eta Coal INe dirlsnola darts dos atMlio ptipclaglqo" portal
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utilladi pour Juger do Is Adviolrid du malaiue pravcqu per inltdreasst, Ison qv'll no roprhoens URIn douto qu'un aspect
doe stimulation as noudoglquos. Leat lnadit on matike do du problimo do Is svumptlbI1116 individvoill.
prddifitan, pourralt Otre trio pond dana Is manure ob,
Gmnus la quagtonnaltos, sIda pridootot une Maneb 3,2122 varlobles nourossonsaullesl
hi.dpeondono pot rapport lux adimulatians prisvaaitrlaus.
La isonfestone sisithsmt fohibls inaitont oopondian k Los vobble nourooonaoriellu qul ant OtO propaledu
tootr trig prudent, as qut on linkalumont W am. on comma Indies. do susooptlbllht pouvent ltto Glaum" on
rallike do adlowtion. nAi* pour as qui nsonomo )a doux WtguSWa asian qulsilea caommeont IN
auwompUM~ fast lndividu doAandoil no oontaltuint fonaitonnimena. du labyrinths am quv'loslb tauchimt iv
Skiretment qulano Lodbutlon. adage do IWormiatian waeorioll at k IN, plotloA tdu

Li premilbre utigarie A ovuaM do nombtovom triviue as
IUP scat aurtaut niontloand ei s pout mdmolro oa, of osrainoment autmnt do oontrovoesao Vl'aomple Is plus
00"e omblont ketopadols algnflootives don Is cadre drunts dauquo oat Is oupologrenuns do uonsition, qui musoniat
POPu1114ltion OW10 A oaxdlSlA VI o ten o.nt tris lo11n ddklr meount Is durdo do aenaistlons Paul.trotatolrs *n udisoime &
ibsolvos. do. stimulstIons Impublslanolil, Moet quo Mairone outeurs

commo Do Wit ot VIA Bilmond ant trovvd var corrilation
Dos rellations ave ]a suacoptibl~lti sun ulndtaow on: Wagn elgnitatlve intro IN pent. du oipuiopamnn a Ilk
pa Otto syvende pour do& trolto do psorsnnalltd, comma suwsoptblbiti, su ma1 do mor, Dobt. travaillant out ung

1'utrvonanlntavrslnI" londoneus niarotiquos, Is population do 1000 #Wke& piloto nlan etouvo suumne pour os
pour it i'aniddtd. Dos vorliblu oompoanomsntalls oanai IN qui canoomo Is mall do l'al (27). Cm idoultots. MOMit ntt
notion do Adipnsnooinhaddpertdmn du champ on A#O ultdrbeuromsnt oonfltmdo per lie (2) dams uno itudo
Oplomemnt talt laobjt Vun certain nombro d~twidee, avoo out Is mul do met ohroniqvo.
dos idwittst portals noo oanradilcttoo~t

11 Wad it. oIM dos relations eatt oe hIlvl lson# aonorlolloa
3.21 variables phiyeolologquos on rdponi k dos stimulations vostlbul"le at Itsa indlowe

qui alant Jamhs 4t4 porfoltemont acaluldu En trovolilintt
La vairlobla phy~~i~olqooa ow imycha-phystatagtqvu out Ie perceptions Wlusabross ov dipert it h Paiti d~uno
ipporaluonwt un pov plus lntdreoamatu it ant btal I'objet oonrhftiuaoo (1), II a pv Stto mis en dvideono quo
d'dtudso rdeaont. Levi Inetrk pratlqus damns inpricdlation I'amplituds des illusions sensorilolss porgy. par vn poupo
doeIN suloeptlbllled at molgr fout relamotomnt limiti $I Ile do wo uses vbptiblue italt oanlpt tlvemont plus Important@
rdeultats los plys ricents midritent monore d'Stro villdda iar quo pour dow nori-woospithlbl. Le ibtlbe aombro do sojeti
vart plus ponds dolts. Biles pavenst Is *Aslar on dane ohaqus goup. no permst eapondont peas do conoluro
variables nevrovdgdetatlv of neuraoeneouelles, oursa laplotres

31.2.21 variblabs nourovdgeollve Pour Roean (27), II opperoft pov "damon quo des momaurs
doi Is oensbllt6 veelbulaire ov in$= do I'lusbltuobillt6 do J

Uns trio bonn. rovuedoodetudos onalehesute our lIn vaelablas Is fonotion puisan fournir dos indfoe flables do is
p~eololoiqus asoodier amo 1& ouoseptlbIN ave daidsouso ouasoptlislild, suo elntoem,j
so. prdeontdondes l'ouroe do Reason (27). Catd de IN
aphlek MKOrdoWao&llr quo Its tIsltato los plus nombreUN Doi rdvltoto .pddrmeintawet riuantsoabtonva par Diamond
ant did oavnada. Liddo quvuns ousesptlibllti Movsk sit at Markham (4, 10) reloncont opondoint Calle
friquemmnot masodde Ao one tendon.s & Is brodye"Sl at & probldmotlque on montrant van roliotln trko slpiflcetlve
f"W'peonsion at rolaulvmmont tdpaindue (9, blast quo antroIs to uesptbilt$ au Mal do J'espails it Voqnuidsrl do Is
laiupm swontroverah.o Do msake, Lepoy (16) roeirouve NMoAhm otolililsque. 1i taut remsrqvor quols sIva bdtquo
ovWve@ pond.Sil Iltiquono, vallotosdeb at ipsamofitshlo lchas utllisnt depus do nombreuses guno eanun paddlaur

4to dm, 9e10 p iots dusu powr mnid do t'aslt addri' smn do IN 101*v ifotslhe I'Aqimdtd. doleIiiponsom otollltque, lose
iportar rdeUomnw do donndu oHotfailiqus L'n do dldptouvee sur IN bshaatgors powalh& (81 20),I

prnlUtprobtimes dens' "a ltp idtudo am blen sO,.1 ý I
Pabee~dosa psup tinein. ** In oomplimoal do oee l fdloos lids dklaeetesno au

fonotlonsiomant Yoftaiburs, Reasn (2U, 27) a tonti do
Les 6uds plus rfsontes moins par Ma~ (11) our dog ddveopper dos smeuto 14todloie quit soon li
etbire hormonaeum (ACfl(, CRF, ..,) indliquiste quo Wee rkd nleoaet Is r~oesIlvitt do oseqjua vie & VIA dom o~iall
aue40 I~W asilopdelrbt pour aso vaiaboles wnsedsLo 11 ainai pis meetrop oat *lom dos neorfilitoa
mroandoosiomdoes aeadso Me at de oaqmo tedwplua agleul offius to suseplbl" # su dotteso

Impotant. soam-aemisklosu quo len amoat useapuitte. dtneoopat oin questonnebo, I& peltonoddlas 00 plrs
Tovetobe on veleurs roearsbt k J'liadsleu dom vanou afte oMW (&AQ It- In Iou pqswliluda 7

,;
Woonaias tles. on dithnIque I"v rdesu dune Volinatt fiatoteadk ORe se 4 Aft Aiisag IO I(llrpp

- ~ " dgehdes o Usitltu pouwelt No *AWde ýtdUita~lt~
stnaleU~eoitatuo It diwtostitldon 4h dapaeloe,
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Uuno ditrholt global., utillsable pour l11auation at la otoUthiquus addquetu, Ce typ d'dpreuve figure dan ass
pridisalon, Asiton delis huscptibilltOl d'un individu viiiA viz teats do eIlestlon do# pilot"s at des coomonautma soviftiqusa
do& dr108.. @A gOndal, do main da Is catilgorle do risque (10). Pius Muermmant, Money at Omeh (22) ant lonts (eves
dons isquells ha isiAtus, peu do weak) dlutil~ser un aoillkatetur hotisontal (sled).

mialament Is mouilsiur iOprouv do stimulation otolithiqus
consit sans douteoen one rotation &t vitesu constantsT

A c0 jour, on dipit do Ilintiltil prAont par lea mithodes outout d~un ane inclni par rapport &t In veriasie tertatte.tindirtese qui viennent d'Otre 6vaquies, lot ipreuvec Do nombraumsa iquipesA se tnt mintwirauds sox effet do
piovoaatrioee, dont Is but eso da Waie apparaltre In Otte stimulation qui solliaite In foriotion otolithlque pat is
rimpt~mes eawrmtirltiques de& cindtoaa oonalthunt blisi do as rboriontation constants du Ye~eu grarvitil
ofncore Vesaentila d~une dimardhe d'ivaluation do Is relativemont aux maculn utriculairos at macculalre. 1I #,not

usuceptibilliti Ai d'une Apreuvo tirkprioeatfloa dont Is mini on cOUYN
Leas ovums do Is llttlrature (21, 27) montroat quo do irk5 dmuorlsvmn ipe
nombroux maou osant ditd min en oguweo pour provoquer Plusleura veors oncodiflir do on test existent comma Is
leppiurltion do syndrome do cinkose, auusi bio. on wflted Axis Rotation Tomt" (TART) utibiui I Pensacol oct
isborawuirs quo nor hi terrain, So fait qualques tecnitques ts "0ON Vertical Rotation testl winltlement Congo We
prinpsiple largammnt utiliels pour i'ivaluaaion, do Is Oraybisl at Miller at encore utUM si ous one forine modhifi
susceptibiliti, peuvent Mrs, Identiflues at seront dilcriesa lei. (OYR) par is NASA (28). Dons lea deux one Ilane do
QuUeRS quo salemi lIN stimulations mpicyise plusiours rotation eat incline do 25 a W0 ail mudimui awee des
probilmoes me posont it ileapidmontatour, Atoma do rotaion qut no dipassnt peas 100 */a pout W0

TART-at-pauvant attolndre 2O40 /0 pour l'OYR. Notons
Clst tout d'ahord Is problimo do llintensitil at do Is duneo enfin quo lea rotations sutour dates puraiment ltotiaontaux
dos stimulationts, Ia protoeole choisi devant. art (PAM) ant fgaloment 64O utfilitie avasunek dan des
discnimiAnt at *Aiter 'loft pianelohr at l~effe pisfond, Ce itudea d~valuatlon do Is auscoptibliltil (12, 22),
Bont asload In ithres uthlsi pour arritar l'1prouve, pour
juger do Is "krti du malaise proaull at pout quantifler 3312 Akolciliratiorutangulaires
Is suseptibiliil iAn It via do Is stimulation amploidk

Llufitilston des acuilikatons angulairo m 0situo one3
3J.1 Techniques at protosooem do stlimulation mithodo do cholx pout ptovaquar rapidomant Is syndrome

do droionit. HU e asrequiero giniralamont qu'on Aimpl
Lents (17, 18) a effectud one revue comparative diltailies laotaull tournant at qui en fait one teechnique t*t
des " Yeuvs do laboostolre lei plus usldisiac pour Ovaue Is 6wanomniquo sour Is plan do& installations. LA fmutoull
muecaptibllltil. Elles ant pouw prinuipo commun do glnire taumaint a maintenant preaque lotalontant tempissi Ins
des situations o0 so ptodoisent des confilts snsoriles qui matme gdnirsturs daecollirstions angulsiree, coming IN
aboutines bosucoup plus rapidament au oynd=r6n do balsnghrean argament utillisies dans In travaw hlstoriques,
cinlahos que lea situations tklWa do terrain. En. tilisant an perciculier su Canada.
unes dichotomla simple, on pout ilgmioiont diewo we
Opneovos solon Is type do stimulation do mouvemonit diliur Plosloura technqoue diffilrentos peu~uv fientO d~init en
gu Noj1t1 pfinaipelosnont acoillkations llndaius loaction dos pratoolea utit".do
ssetllratioh nuplaire at Interactions visuowveobulairs.
Lea mithodes utilusnt lea situations do terrain ala lea LA *iptiton darris raplides do In rotation apr05 une phase
stimrulations mont habituellement beaucoup, plus it vitsem constnts eat connate do longue daue pour GO
difflailement contr~lables no woont pas Oouies lei. aI"t pravouatatas. Cett technique eat identiliooemme Io

"auddon~oop test", Ed*e cnlatai mattto Is aujol en reotion
3.3-1.1 Actldrations Maimie 11 300 4/1 pendant 30 sesondes patia &t laa*warn 1,5

isaegond AprO. 50 meoacds dNOrW, Is n$n are dir ea
CmA dprauvo& vont esontiallsment stimuler leIn oper rk~o i pdtlo 20 fobe In you too"i pub 20 foi den uk aen lea

yer oUver a iventuellement 20 lol don Ilauts a met
julqulk vo quo I$ $weot wtegoo un WOtNr do malais dilWn

Lasaloratsur vertca a 616 tirk larlancent utUd en A l'mvAan.
partimalber pout hi preldiction do mal do met. Cotuplte lna
dat domelAc do lriq_4ewe relalivartnla bee des stimulations La Spreuosm0 utlionl 'et deu weilildretits do Corilolh
Offiftes (0,1 0,4 t4o) at do nlyean d'aeolliat~i onequin, wu Wa q91immo Vatibtalalre moat sne daut teo pius

Ao tye1 do rtImoition eadgo one panda amplitude do ripande en mutike d'Ovaloelaleo do Is suseeptlit
mowveannt dones un &Wpreilag IoWr at oaoobrmul dont Forwn isamen sl~nt eos 4"moe reposet our V'sastwie
peat do lboaaoir peWAM dispse do mnoceigvncats Wilk oam pwibsi do Itip Wk Oudat u teq

rolt~et vtess owstint be nomrabun proto~olm am
Ule eltoostWv eto osatllis par l'oWmatlo duno s&nM 6WO atias
bolak oW psrail"inqu permot 44 dlivv doe sftimlaio
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L4 "Biefl vaftiul disorientation tost' (BVtM1' oat tan@ Le Viagal.Vmstlbular Interaction Tool" (VVrr) constitue
dproiave eafta ~momn rdpanidue. Apr10 30 osondes do un example d'Cproovs utlllsnt In interactions Woso.
rotation I une vitoeon Consants do 00 /# s tosujet vricite vastibialatres, nl consists A soumeottre tan iaujit A uno
routes lei 3 smnndes des mouvemoants actift do Is tits stimulation oscillatoirs a 0,0M Ho ave. tane vitesa. wits do
doamplitudo 4S' 1, n alterviont Inclinalson I drafts it 155 1/s en liii domandant simultandmant deaffectuor ine

* l~nollro" oit Voclsuh (*pdt daa fois), puts fietion vera tich. vituello dextraction do doannios done ane motices do
lavalht. Aprbe chaque mouvemrint Is sujot nivisnt in nombrus. It a dii sinsi montrd quo. Isomploadlt do Is Wlho
position nouirw tke dracti. Lo tempo maximum do rotation visuolle ltarvesnit stnlcailtvomont darn s a ~vdnl do
set do 8 mirtutal at 30 lecorides ot to sujt offectue I Pinsm malaise obseri. 5
dia tam oine autodvlttaton confrmift pe un scone kabli
per tan observatowa, Money at Coll, (22) ont utilhi Is port do pnismes inverineta

pout tateor Is ouucetiblfltd deo osroniutes dia premier vol
Les diodes manioa daue to cttmbro do rotlton lent@ do Spacelab. Toutsolol In mouvementa do Ia the0t1 4 lo
Pojuscola vav Wi "dial test' ant kod IsJ source d'un des dlplacentinti ifficitak diant libres, I'lvahaation a Un.
protooolos Ios plaao utbids It I1hure aittuailt (18), to valour plus quaalitative quo quantitative,
"Coriolis Sidmans ouaeptliblty Inrtd tea, (CMSI). Ca test
a did dhvelo*p on vue d~aboutir A une qaaontillsation do is Diana marniko 64nirals, on poiat diplsment asatmflir IonJ
susoepiblllhl su maystn d'un nero numitique unique. dprveiav utitisant Is vection elaculalro ota U~nfair* ou
Lipreuvo eansloto an lethutllon do mouvoanent motifs do I& ipreuvos d'lntanaction visoiaoevatbulalro.
tits & 00 * altomativement dana le quadrant& avant, droll.,
onlike, gauche, aovin retour on position noutro ontre doux 3JA. ortthni iijugamneat
mouviments. La vitouo do notation doa fatoult toumnant oat
aurnetie par pallor pout attetindfo sam msximumt 180 1/1, Jem enitimo utillsh pour Juuor do is Auseoptibillt6 dos aujoto
L'4prouve ast ariof toroqato Is kaset attonth un Mnvou do prhosntont an@ Standa Importance. 11 conwlent on offst
moImst pridtarinatd is worso do suuiptibullth sot atio dlktwtoole ptoblimos deoffot planeher at d~ofelt platond Wl
calculi on pronont on oompto Is nombre do mouvomoniao Pon veut riallsoa uneo loasitlcstlon sullsameninn
ellsdtuk pendant chaque pallor, pondird par tan faceur 116 dlascrminanto do IA population Coldide. Pr example uno
i as litoss do rotation. 6prsuve pou pravocatnico manoel h dus enitbre do snalalso

s~ivro donne lieu a ian ultot planchor dam Ito mssure ob
*Do nombreuso varianta do sotse Oprouv oant did adaptioss beaucaup do aujoto riaquona do no jamais aitoindro to

en uittlaant dos protooolso &A ramips do vitows ou sum..s at crltiro. Linivora., (6preuve tirg provocatalce It enitird
on jouani our Is nombra, lomplitudo at as nature des baible) donne lieu I un offit plafond. On doll distlnpaor lei
mouvemants do thetsaelon 10 but nodiorchC Iot dpruvos offictiades on lsomstimulua comma Is BVDT at

ls dipreuves on lscomalalao comma Is CSSL Dana le doux
Les Wo&dIques utdilunt pour Is adlection des coenionauts cos I# problimo du crttko do julloont. mnitlif darra ota

* plusloeur protocol, tauent "Ipo It 1.llot cumuli dos critbro d'hvaluatlon vga asposer. LA valildith do l'hvoluation
accitlhtlons do Conchs, do ]a suscoptbllti va roposo pour une part Importanto attr

Ia Ilabilitil do con critbros.
LeU plus tipandia consists & falro effectuur des Mouvoenloni
du busts doS 9 dam s I.plan saOttall aeye une pdriodlelti do 3.3.2.1 crlibro d'arritIt
5 saonides at une vituasa do roitoatio do autoult dtablie
demblali k IN0 0/s. UA durk minimum do 116prouvo wat do 8 Do nombroux critires darrht ant pu OtrN utillada,
minutes at. ail s tolksAois dia oujoltoI pmrmot, s#lo so L'apparitlon du vomiasomoni, sign. objoctif do Isashdviiti
prolongs Jusqulk 12 minutes ou plus pendant du mlolosm, at conaldird commeoun bon critiri mali
Ilsninatnament. II saogit done duns 6prouvo uxtnimemont prilsonte do. Lngonvinionta Ovidonti, pRArIVAUbltrament densJ

* brutal#. lnosdeuds nhcowitani Is ecoopiatlon dos sulets UA plupart
dos autoura utlillsoni plut~i taopparition dlune nauai.

Uos auteura sovitlques (10) attaclhent tane grand* froneho it nion iqiatvoque,
Importance ams rhoations iervia lve pelquoi du
;P*014mo malls aGoal ousr hastions ao~ovaeculalroed Un Pour pallor tei diflliultis dantimatlon, del khaltoa dlaut.
Autre protobol$ utlflsi on u#Mediao Wiidsa del maavementa astimation oa d'obsorvatlonk do l'lnionslid do# lptpthmos
Aliornailfa do I& tto I dwolts at k gaucho pendant un oant did diveloppdos, Un repke sur cattldlsotlo,
m otaion h 1800/ eayes sn* toutas lIs minutes, Lma ghldruatemmot numiriquo, posnat store do &wie
poranhiliros Oardlo#asoslovko pNWReln artkslits0 rythmo contnoddmonen Ie ritlas dank do 116prouavs.
ovardlaque, &W ons al~sneri pols Is rotation ropnmnd an
smInonslver. Uo eandIdal dolt oubir cotie ptochduro 10 lots 33.2.2 111chofles d'hvaiualloni do "~ritii
saveesbovement ame ian trko bu ariftenire detw phdrodo
do rotation. IA notion do transormaitaln d'unJagsmnontk iubjoi oan

variable numdrlque at A l'oelin dee diverges toielvanus
3.3,1.3 Interactionsvtu~atbtle doatlmaton pqsltoph~flque, 1t at #A'raft- poe"bb

* d'e~Outawto do lago Itrattospolve lompltlud dos stti
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conaiesnts risultint des dvinsemnta awiquols nous sommes 11 taut nator quo co mode do quantifncation falt appol I dos

Psoumii par l'onvlonnomont. Stevens a montr6 quo oet.s j.ppr~atiaonA subjectivist do to pert du patient at do

uhimation pouvalt itre nurndriqus ot a reprlbonter sous taobsorytour. Do pitas, Its symptbmui pris aon empts

fam ftaga pochohpiua.pouvstredflnr uAn Aposevtirtio dak pnarat oiu ionti donds
catar in apprtelat non aubjotreo ot k Is tAraftdormto dtow

duMtrmtI qugon ploturva mndlslo uWatpar sond utnfluente Iulans dbim qIlittvun dconl ptan hsiqo peaus
ddJ& ltarpn. dultolla pchhyqUo btnj augi otfs quo Minept sow quanttt milostiont danabl roplatlon mpordoW psiat
duo-ipntifLon Mclsndtani Vdubs ludia da o I ne unaidoacuvont plusmottontim pu do unlfanhlir dtos nouaivonw
CIols~ do udvtimlati oon, trala rdo no Inatr, tl ralo 'noo do isdrm dimir do rdtasc

d'evidenou ~ ~ ~ snatmno onloue pltasqoIscadolitrd#d
stiuluons dhqo auue ittdauo igut Uanja Inontrol quo n do eAa nb# intmnr n orl

nom russ ksloi ouvnt dtr unmonotourne J~ M ttre lu khyla l edagl u t es~timtono 1uoitPtprincipo ty uiqo Pe nn~os, Onuon (24) It sWt o pout w a sscmd angnil u esnildoc e
comtdrk do e aftl~ dana ott Iiprwlatlo du. ffirnldo Ldvaluatla dos divktC dminiondun paritir 4ehll Ib

des ampdrimas dao dnka po, ftem. antod spariulor I on Isubnaltor Ino piatentor u edmpeglobal hopmum upets
alatiqon d~uno donututae Iano dyn-mnibqo hi Pdalutlo Iibjotit do mais tooltnqo Ithployh. tehnqu unomarte dofot

do Itadrllt4 dun mItsMe a.ux pout f IpioriO utid dose don antit pou donivrerd I mluioni des point domootr
poerrocousta do moddllatle on, le dosllbq roprdeetstlvo doIltostddo mat"

puiquells o pwynt ~nficardoniv.:x 110 A rirp.ra6oquks pachopIs atultan doa l'aborigsdtolr L
Lor1u ganbl u~dmbo do totoes diltli khontai aulUModnk udtoinentatla ddtsniinta otbjoelfh 10flammiunt Wabe.t
pponi coantontMd glnalmont~ d'dlto to t niotux li pua ill" pour pouK lvolm tro dutld don e t do qo inltsed dar
dlovIs nsut qi nt Ist dos card~inald I'par itiSowsOlnu at at.Ida do I pordn riredavrlt C outsi t b u to Alo ont fiduns
stesvmhoonapovnt Isrvinir Lank mt ddcidE par gm tlostvriande qntdlt atassi Wan ure los protoslo on vnariablis
I~og~. auu, priaaboms intlnorni cadu dions & n atoinrt it qustno lsoamttlm pauoluo.rnce dsA
nrount dar Ibavaditi lnur. Arpos Inodot tr ptcha dintblm d asrdbovsaruoms oontos I
A lappE tan su"ints pacd dvauaion eantsln & tilo ardqonulbrdatome at pou Isg prAlon utilo a14 doi touet

Los~ mu Law w oIs litIs pluso Eaou r do s oe t otron t quo do tlmclsur eon vaiat oso uion degrn. a ~n
nost mu datao dltlbosd peuv bent Att Minteruli ou dahs $323 Matvlurels ph~olooa%'ds donjctvsIutou a

d'eutokitlmdon w idesluas dns laper ctl'udontt doI s *An ao vklulquon drahao~tec Is Iiid mas par qunts 6cnnde Wanss
dooyptsn oobrtn Auoatuln anielv quloiiro o ars btiacoIle n 'dons subwtuerebnlant&tave impuvasion Hildsndo Ulou
Iavata mudon~u dono nobsomagteu pounIsmosim ro Idvo I vrition obe do Is Wtquine aardlaqu, dar Dot sne ou Worts
pdouIyr itf du Ialauditi on.u p'boutlfe~a &i IaU denst dab Ioatr0 do plus d 10lba-tomsssa paroinutid os
poautr o. q~umod (natai~on mllvitlono rondaanledoumontl d WptmG

eipltso, dequlbbo) ontappoi Itat~osbzntbo. L puate lo~itb do imlgat ntlgido lfs rownm JA
Lmars I doOrtlu do tr'ig "40LMM uit d ylt, d~ordnallon d tametsps betriftsuummeat laioohte

onLnien ghwaaen ~io I ~eu Ispu riaai pout 8 povi mo uils don tentqo. "IItiut e'spmad
dievs par1ints suibuk der Ileiwlos orue &lfonts iypdon sioaeule aulaa ou omeIdi oukritisandt obionta pademt Part (

atla vmiumnt puvntauvni, 'ari @ ddd pr radInt sua *o ou tspoool o s-mliIt ujl, rislaleentInornl u nyev &Gisinra.........iimuut
non W Pobe.vo-s.i
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avoc Is meutt. do Is conduction cutmnie PalMWOatr moum Indian do tol~rance, en particullor dons lea Etudes on isa
plus ridonta do Geldlng (6) qui a utdlmi aveo suaccs I@ stimulus (BYPT).
mimne mithods au nivoam du front. 11 taut Egsloment
signaler lea rmisutata obtsinus wee IsN enrqlatroment BEG Dana Is iltudas oil lao-malalse, INs Mdthodft IN Plus

p.,tdant Is Stimulation (3), qlul strmblent ntontrer Simplot consistant it utWur dirsactmont I& dunes do It
dtveloppenuont du mealaise mubles par Is aujut, IA notion do duilo pout Egalomnsft

antror am is tiara de malalsa dens Is composition d'un
Le reteanussmnnt des urintowsasur Is liphiras ditsitlv tactics unique utill par aswmpla pour ranger dos denrids
canstitue Agalaemnt un point d'intirst pout l'obtenttion do an yes d'une splolt~tlon satetstiq4e (12)Y
meavuum objectives. Deau types do techniques ant did
prinolpalement UUtiWii dadts los Etude r&ostes. VLndoso Is plus utlW am 1tk wrtsoatanoment Is C-3,1l

(Corioli Wicness SMIlsatbiity IndW. mInt AU Point Par
Clut d'uno pant Ia astro-antdrographla, ost- A dire I& Miller at Orayblol. Cat India., a did htabit pour lIs Etudes
mosars dos variations du chiamp utostrlqus do loatomao et utillsn In 1Auuliations do Carlotta Solon 10 protocole
des vildaol 1o01 I'lnluanua do stimulations provocatriass, 6voquil plus haut (CSII imos). Pour une Witess dornkts Is
Bit dipit doe dlfihtalta donreglstroemnt at do traltemont nambirs Os mouvomonto do tits nMcassalra t Vilattent dua
du signal qui peuvent firs renoantriaes, so typ. do mature niveut do sivtit$ MidE ea un t~moln do In susueptbllti
somble pouvolt aboutir it des tsutata Intirosawts (30). indlviduelle oau ofnitoaos Plus Is nombre do niouvemento
Cotta technque mantis on partlautfor I'vidttnco d'une do thte rtas Solt important, moins If smtjot ean sensible at
atortle antrale qul uamble blan connIE.o avoo ]a Sensation do inworsement, Lorsque Is vitoos do rotation augMonle, to
nautde, stimulus doviant Plus Important At Is nombre do

moumrugiiLs do atit Mot~ualto dicrolt .Miller ot Oraybelo
in duWmi~me technque felt app.! k rimagerle ant oalauld, lots d'itudes en Isomaleal. at A des vitesss do

* Ehogrephlqtus A I'aide do uette teshniquo H Set possible do rotation diffdrentes, 11061t "atrowsnt" d'un unique
mittre en Evidome Is retard do vidange gastriqlus rsultant mouventont do tits, Cott* relation eat do typ
dua qndroms do cinktos (S1), Line Etude W~ants (32) a Iolarlthmilquo,
montrE quoaIs retard do vidangs gasiniqus d~un rapes semi.
lilquids WSW~r avant wns Epreuve pr~ovotrico Mtall oorr~li LA osuceptibillltO sun cindtotas indultes par IN accil~ratlons
ilnialnsamont (R1.055) I Ilimnaleslt du malsais provoqud do Coriolis (score CIII) pout dons Sire salouldo
par is sthmulation (dyaluds au moysn d'cthollaa). It elate simploment
cepandont mane uses forts variabl~iltE Interndlvidusoll at
l'dtudsas ne s Peat p. ntir"~ sun Oventmalilu variations C.3.31 - E 01,Nj
Intrai~ndlvlduellos (test-rutest), La meaure nicosilie une
banns prattique do l'Echographie digettive at Is ripitition It E e ffet d~un mouvemont do Wot
Intorvalles rillepasr dos prism d'imios, as qlul Suppose uns
immobilisation roIstivmmnent prolongis du sujot.5 So s N: nombre do mouvomenta& it ne Aitoms do rotation
fIabilitil htalt dimontres, as type do mature pourralt &ire donnias
partioullilnemnt intkreasnt pout IN Eprouvos en ISO.
Stimulus ott Is cd~tormination do Is sWdritE du melaise oat La flablIlt do cet Indies dipend done emsntisllornont do Is

* toujoun adlsoteo flebMIit doit cia dtermInatilon du cur.tit d'ani qul oat en
prhinielpo I' moderate nialsiso It" do l1eltolle d'observation

Dans Is mime Etude, Valmealls at Call. so Sent Sgal0omnt do Orayblol ci Miller.
Itlnroreuds k l~valation do varielabso lormonales on fonation
do ao aOvdMt duma mllso, It seoglit plutat d~uns Etude ~J6.MM

*pilots, portent cur 6 aujets atIes rtsultata obtanus dolvent
bit. oonsiddris avoo prudonce, Line relation Wen~irs Las mithods; d~lvaiuation do is saumoptiblllE sun clntomea
(RuO,8) did obsorvE. enirs I. tsar d'AVP plunietlque otIls sont done multiplem Ent rlgo Sknirale, so typ do situation
siviliti du malaise k Iliums des Eprouves provocatricos. Do sigple essantlolionmsta qu~sucano d'cntte siun no consttue
milme une sau. bonne sorr~latIon ein obtonus ontes It Uina e nick COWl eat Egalmot vial pour los crltimru i
"siiriti dua mealase it Is teau dlEplnlphrlno main Is taut do insures Wtilieds par ean dlifidsnicso mithods.
nordipndphrins nec semblot pea volt Eit modiflE d'uns
manihro alnifloativo. En a'appuyant Sur dots coneldiratdona statlsitluoa, Xaonney

(9) soullgne ttr ocluitement quo It flab~tit do Is per&Iimon
3.12A 4 orns do suscptlblillti st dirootoment condlitionndo par Is flab006 doIsle tecnIque

solo-mime st cello do" a tnures queall. utuse. CoOl
It conviant g~ndirlontont do nos pas contondro In &Aotlles constuitus boidt tin point ssontiol I prestdio ot
aboutlssan I Pwlmatlon dut malalse ave In Indiano do sontidiatolmn lunqikii N'A ltest dirl& er Is sman"lbilht
tollirancse qui rohiteati Is 'quentiti, do stress' asob(e par un d'un, ktlvidu dunn via i via dune wlWalofl opdatloatuwil.
sujos pout arihe I tin aivow do malalise ditMistE Sin eppiutat as tpo do raholusmamit &WatIE&Ique mn
Toutafole lea wmor do malales mont parfait utlla coeain dIfffirent. techniquets d~valusetlon, I abomatit At is
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conclusion quo lee variables phyolologlques et ls traits do groups intermidlairs, Is pourcentaioa doe seoes ontre D at 2
pursonnallid ant iane valour pridictlvo fbible alots quo des diminue at am prodo. do 30 % (figure 2b). Lo indlIvIdus
risultate plus estlefoisonis sent obtonus su mayen des clankdam donsm daux groupos& ant tous termind l'dpreuvo
questionnaires at dos Aprouves provocatrlcas. Leos ,olilouros sane uttsindrs Is clitisr d'arrit qiti dtash Is Allude 0o odveu
piddltiono sent copondont obteiueo ark tiltlownt del Is "ollM fti" ott Damt iS groups A rdoctivt6 forts. on
niosures an situation opdreiionnolle. rsrowsv ensoro prousqu 15 % do sore trio bool (figure 2.),

esqul n'sot poll itannsat Outs donad Is motivation do
Sams miter dons des conslddratione statiatlqumvaies A St"o Undioa, mos ork consistesauni quo lin qtsolqueo candidat
evoc Is scud do ret.:r concret, Is principal eneolwentonti admis aux dpnftuva ave. des scomn Nevis be trouvent dame
quo P'on pout titre dos diudes ouri l'dvalustlon do a& so groups. Cos qusiques wndmas montirot nlew bWen In0
sucsaptibiliti eit qu~ll foul adapter soolneussmenl lea limifts dos questionnalros doas lea proussuo do silloction.
techniques St lee mesures mu but resliorchi, Le problimos
ma an elt d'utiiser am absus doe techniques quo noam En revanche, done 11vl'olstion do Is eaasptlbilltd via k Vie
sevens kre imporialim Doux pointo sawrentlel dolvn late, do certaine siatuations do terrain, cmmmc Is aimulaeour do
soullgndst Is ndumm~lt dure Srands *oguur vol, lea quostionnialres constituent oane nidhods trio
nfidthodoloslquo drune port at Is prudence dons intireosonte, oonmse en timfoipnent IN rdsultato obtenus&
l'lnterprdtatlank dim "duIett d'outre pan. par Kwns* (11).

Lea mdthods d'valustlon utilis inim queeaionnalro m Let e dpreuvms provocoarloes en laborstoire, no sont pos
un intdrat certain bisque P'on cliorcl. It dvoluer In dpourvuus d'lnoonvduilnte deam 1ee e41detons. 11 taut
auseeptblblihd don grand nomnbre d~individum. Riles dlslnguer iet dews coo, mien quo l'objectift echerchid sot do
pornittant do trier relatlvemmntalslament lea tindv~idus pridir Is tilitrrnes damonen onvitonnament prooho do Is
utrimees, trio susceptiblea out. peltssoeoiptlibles. situation do laboratolre, ou qou'un prddtiion plus gindrala
Mellsursussemnl, pour bet aseoeptibiath nlnom~daloloo Is ma rsechsrhide
pouvoir prddltif devinAt beoucoup plus incertain.

Duel.s premier ase, as problimo man reoaletvemnt simple et
Le probillme qul pout ase poser concriltement ma done colul Is difficultid majoure consists h aJuater 1* nlveolu do dlficulid
do Iaa calibroalon dos rdoultato en fonction, dia but it des dptsuves at t Nevoer do koenif compte des eapacitlo
attelndre, Vt~tsoU dons ian proceons J do alotion, Uls aldont d'adaptation des caondidate. Cleot Is ao done lot protodoolm
principslament & d~lminenr lee mujtso trio suseeptlbles, La Francoodovliltques all Von oslfforcsl do prddire Is capockit
question qul "s polse alonatem do savoir ala planer Is ]Indite des candidate & endure Ientralmmentn veotlbulolre
entro lee lndivdus iells souscptlbles ot Ie inturnuddlolrea, mlrlaneMent pounod priconisil par lIn lovidlIques event lIe
L'updrlence montre qu~ll esegt Ia d~une tiche dillcats. vole qsptlout. 31ils protocols do Adloetlon mas trop fbible, an

lantant do solliclier In caspaditld fdadptatlon, piut~t quo Is
L'lllustratlon dens propo. pout fair appal aux dannhes ridmslaac, on pout parfols observer des dlefie La solution
acqumleots i Wo dn promosiv do 41ficlon do candidala qul a Atd roesnue lore do Is dmreib adleetlon effectude
coamonoutu pour ica vole Pranco~ovidtlques (14), La (MIR 92)s ;64 do tentsa d~dtabllr Is tolerance do bose d~sn
population intial do candidate retanus opts un premier tri bible. noenbro do candidate prdaidloctlmnnds, pub do toesir
our "onser &a contpoeoli do piloate militaire at clviii iot oapaoeltd d~habltuatlon do omin qul samblalant Ino plus
dibnlonteur at do usloalifiques. MLotogromms dos score inAdressonto, ourI plan dot csandidature.
do suscoptblllti obtonus I laid. d'une variants dia
questionnaire 3450 donna un profll reoltiveniont habitual L'dpreuve, toujoun fondiesour Ileffet Jo Is cumulation des
pour ae typse do population (Weur 1). A as stade, lee occedldretione do Coriloll, a dtd acongue on eoneduoncs . LA
quolquos sujote prdoentont des more trkio levil, wupdisvrar session oomplite do stimulation veotibulalre, comports, I
it50, ant Wt Unlimnk, pollen do vitaos do rotation (onre 30 at 2 0/&), Pour

MUPO PW In " ho do at a dvflo A
Pormli as utres, sprile pumpa done difionts I'ires, S0 ant sue sIlemer ti.e ion hor~olr Stot dtamt so do Mon
oubi UI provve provocatrios our faustoll tournant, milnutes, Leos stimulations provoeotrlose wln Produltes Pat
uslflisent 1Us adaildrstions; do Coriolis aelon ian protocol* k des mouvernwat actifo d'imlnelnaon dol Ils di drolto St k
des. niveom do vitems do rotation, (80 *St 130 */s) avas oan gpushe, slv Wa s due Mnont du busts on evet. La
mouivemmnta nit do Unioin dv bugse toutelesSI, secondoee pdriodll des mouvorninta ma do S wosconde at Is soti
La clrk malntlds destdea 6st do 8minuias, rtwo done Is position o6al Uso trouv osnire dose

mauveenente ausosOaf (poel do rebu an positiolk amuls).
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* figur 1 :Distribution do I& ausceptill
WlIN6 6valu6, au moyen du MSQx
(Motion Sickness Qucstionna) dama
uns population do 193 candidats coi-a
monautes.

mor

flgurs : Distribution des scores MSQ to~~dt
obtonus par Its candidata salon lour
classemont en trois group.. do sus-
ceptibilitd (faible, moyenne,forte) &
l'lssue d'uno 6prouve provocatrice.

figre 2.i O roupe I, susceptblt faible. a s

0 cmndidats

figure 2b i Group. 11, suscepIbt
moyenne. I is 10 12 413 1cr

%0 r Andldiits

figure 2c: Groupe 111, susceptiblithd
forte.
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Fiuo3: LA diasraming pserits Is score do malaise & Is fin d'urie dpreuve contre
lIndico CSSI calculi an fo~nction du nombro do moveoments do titso ffectuhs, Ua

comparalson entre Is& r6sultats obtenus lors d'une dprouve do 8 minutes (MEDES) ot
I'dprouve do toltrance do 34 minutes (LAMAS) montro bion la discrimination obtenue
enire lei diffirentes iusceptibiliths Individuelles par ce dornier test,
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neither necessary nor possible without
ion. 1 .imposing unacceptable constraints on

Intrductontravel or leisure activities.

The Concept that. conflicting sensory he has been described in a previous paper(
tatternO OA: mtion Constitute thii timulUg sensory conflict can occur between vsa

hotIn uscptile mbjotsgives rise to and vestibular sensors of motion, between
notion sickness allows rational measures the canal end otolith components of the
to be taken Aimed at mintimsiniiasensory vestibular systemt and as a consequence of
conE hot and thereby reducing th -ol low frequency oscillatory motion.
deftee of Crmptoms, Iuch maicsurge add to

th e t5 fctmvane of prophylactic drugs VisUAl .,vPsat10Wa FAno1iet, The normal
and may alone be sufliciant to prevent expectation for pedestrmian man is that in
mation sickness, the presence of need rotations tits exter-

n Al visual world will sweep away in the
It is well known Weong 9ailors and astro- opposite directions that is it will appear
nauts that continued or repeatef exposure to remain #pace stable. it is an Golan-
to an initially nauiaceogsio motion stimu- tial f unction of the vestibular system to
lug leads to a state of increased resist- generate compensatory eye movement so am
mace to its effect.* This provides a to stabilise the retinal image of a space-
spantaneous cure for some individual, and stable visual taret i h rsneo
forms the basis of therapeutio programmes motion of the heead n certain circum-
to assist others, stances this reflex is inappror nate and

there is consequent sensory conflict,

Thi

Tis paper deals with the strategies that
indivIdUals can adopt to minimise their The navigator who is nap-reading while the
exposure to nausebjeftio stimuli, as well aircraft is mancouvring experiences angu-
as with adaptation and its application to lar motion s*ened by the semi-oircular a&-
th treatment of chronic airsickness in nals, but because his field of view is
airorw. Also considueed are some Of the confined to objects within the cockpit, he
non-pharmacological measures that have locks anya visual evidence of rotation, and
been used in the treatment of motion any ebular induced ey movement has to
sickness. be suppressed if visual1 degradation for

the task in hand is to be avoided. limi-
Th ataion~ nt Affnsorv cantict. larly, the susceptible individual aboard

ship will experience less conflict if on
To those of a more adventurous nature a doek with a view of the hansonn or even
motion stimulus that oreates sensory the restless sea rather than twa visual
conflict is a pleasurable and awaiting world below deoo s that moves with the
:xprience - initially at least. much of ship,
thie popularite of fairground amusements

derives from t patterin of motion son$&- car sic ness Is a common problem in chil-
tion that • annot bso eyed by pedestrian dren whioh they are said to 'grow out of'.
man, and the various Vinda provide eKam- in fact, physi cl lrowth ma well be an
peas oa Menga types of sensory conflict, important factor. I emall child confined
The fairgin ad operator's treetment for to the rear seat of a car soes little of
motion $sikne• s is to stop the ride be. the outsie world, In artioular, the road
forpe, a least gar the majority of the ahead, that would prtvide him with the
population., the pleasure given way to visual accord when the vehicle Gorners or
nausea, That way he maximiose ýis trof- changes speed. Reading I D a car is well
its, wile the most susceptible indi d known to redsiitate metion sickness in
ale quid ly learn to avoid4 thoe rides in suloottible individuals. to this situp-

Aoo .A~Il .h Mlo of Ioannroina one -hexyomo-

ON on at Ilkis tee rapidi n Afed by th n he detale i • eye n
Iserye W nth und am~io en4 avo- oiMpleo With the need to oIppre•. vtappeb
onole athe I rein able prorgp lae i. in I Ad o oe 0 e toy 0t an intele-

:oinaryagAMnuean~ oAnlAu tot V.e•o in ah ves6rtib oa yo stud ai

e e iniiuasteto�st al vd- visual task that requ red a sub act toe
once of conflicting senmoe y stimuli is search for numbers Within a gril while

WON, !"A
'oe A.

•o noAI•o~heo, senoe •h~ re•ex A Inapropiat , n
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cocil ation in yaw was shown to be nausea- small increase, to 1.150m, in the intensi-
genic OQuedry et al, 1982), whereas the t of what is perceived as gravity by the
tas of requegndgiy sequentially re-_ __p

bot ttetsaen loationirundar an rl rtains(Lyhe aGifi
moin odthocons wideno prooti symptoms 15) he ceantre of rollt rotatIon i

principal oscillato ry motion# afth
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postural regulatory activity in order to

Ci ,fi•lUanah Ofs a hpad mysI ntsE maintain it. A study to oompere the
nausoogonic off eet o0.K * nusoidalWhen undorgoin rotation, heed movement osaillation at i 2.5mm applied vertical-in any lone1not r than that of the rote- ly to seated subjects and horisontally to

tion vi I Induce a Grose-coupled vesAtibu- cupine sub eots (Golding a Kerguelenlar signal that Ao potentiaIKy dia tiron- l~ O .? e finding that oscillnaton in the 1
tating and also nauseoogonia. iAores ere heOissonta3 plane with the subj•et supine
instructed when manoeuvring In aloud to was longe rovocative than vertical $soii-
minimise head movements principally in lation is in keeping with this proposed
the interest$ of avoimina disorintaStion. relationship to body posture. However, the
such advice to irsrev. uring manoeuvres findings could also be related to the
in alear visual conditions is not apra- changed nature of the sensory conflict
priate however, becauee of the need to between the two conditions.
maintain good look-out when changing
heading.

in abnormal 0 environments hoed movements
are aleso rovoaetive of motion sickness :t is "ell known that the driver of a carbqth in t* sera grav o environment of or aoach is spared the motion esicness
esace, (Oman at a 0, ), in parabolic that may, as a consequence of his enarget-

I ight ((Lnekner a Groybio•, to41 19100 io driving, afflict his passengoes.or during high a manceuvrel in slet jet tIoral factors, may contribute to rt~he
aircraft. The eliminsatonoat unnecessary relative immunity Of the drivoe% but
hoeadmovements in thong circumstanees will prosbaby the most Import&et his w
therefore be protective against motion ability to anticipate tia osts of his
sicknees. actiones in accelerating, brakingaand

cornering. Tn consequences the driver
:t would seem to follow that head move- will lean into the corner while his pee-
nents made in the alternating hyper- and cenger ttnde to be thrown outwards, and
hypo-gravity environment.produced by low ikewise, the driser will breas himsell infreousncy vertical oscAilation would be an preparation for braking whereas him
add tIonal factor in the provocation of oassenger is initially thrown forwards.
motion 4sikmne Thi p however, ham not n abrupt change in the fores environment
been clearly established. A otudy of generateo roprioeeptive signals that are
motion siknoess indued by verntoal eisol- suddenly a variance with those expected
lAtoy otion found no .,otentating effeat om aonsequence of the existing postural
from the addition of had movelente or regulatory efferent eativity. It may be
whole body pitch and roll movements thot this aonstitutes a neural mismatch
(Macauley et al, 176), znitiael trials in $ianal that contributes to other diecord-
paratroops of the ume of restraints to an? motion mignals in the provocation of
minimime head movement found significant motion sickness.
benefit, but only in conditions of *normal
turbulence*, Zn conditions described as A similar benefit from being in control is
*rough' or Nviolent" no eignifc•ont dif- enjoyed by the pilot of an aircraft as
ferences in the incidence of airsicknese coparm d with his navigator, though this
were found (Johnson a mayne, liss).. A mal be loea evident in early training
saimiler study (KAist eat a, 1935) failed whIle he is still becoming accustomed to
to show any benefit from head restraint, the sensory aonsequonaoo of his control
whereas hyoscino 0,65mg taken 1 hour aations. Likewise seasick erew members on
before flight reduced the incidence of sailing boat• may derive come benefit from
vomiting from 31t to 7,5. taking the helm.

g hs An~lugnap pa body, oautua. A study to inveetigate the effect of the
subject having-control over the initiation

several experimental etudies have investi- of a crose-coupled stimulum (Reason a
gated the offset of body orientation in Nesson, 1975) used three stimulus condi-
relation to the direction of low frequency t10o1. subjects were rotated at increment-
osaillatory motion. Ing velocitiso on a turntable and tilted

in roll by 45 dog either passively by
Astudy in aircraft undergoing aller- moans of a mechanical actuator under

coaster type manoeuvres showed that sub- operator control, or actively ueans their
toe sAtting upright were less likely to own muscular effort or ?n an

become motion sick than subj• ts mitting aotive/pasmive condition in which the
with the head and trunk flexed forward to subject initiated the actuator-driven
the hertont•el (von Sauagarten et all chair tilt, Asesesment ofumtion sickness
19g0), A similar study, which used alterý eIyptoms indicated the passively, rotated
nating periods of weak acceleration at group to be the most afooteod• and the
0,Sg and forceful oraking at about O.Ig active group leat so. t
In an ambulence oar, found that subjects
were less tolerant of this stimulus if A further benefit of being in control uy
sitting up rather than lying don. These derive from the montal distraction that Itstudise would suggest that poovaide, There is experimental evidence
motion is more nauseogenic when applie o es that motion sickness s9 teos
through the X (dorso-ventral) ai of the are teduced by mental activity th a de-
body than through the I (cranio-caudal) creases the subjece awarenese of the
axis (Vogel at a81 ll), Nowever, in the prevoeaave Motion Zn :a udy o vestibu-
tratment of seasickness it is well known Lar resPNes to whole bodyreotAoe about
that seasick mariners are better if made an arxh-horisomtol ais (Uorrgia a Geo"
to I Ls down. Zt is poesibla therefore that to 6)p a high iaeineiee 0 Notiop 0sickess.
an . hillatory stimulus is best tolerated vat reported. Of the It .subisaos who
"in a posture which requitre a minimum of ftaled to soapleoe the test procedure en
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thiolacount, all were in the sub-gpouP instructor* may have to resist the tempta-
who had been asked to report accurat•ly tion to show off to the student the full
their aeneations of motion, vhereas all capabLiotis of the aircraft at this stage
subjec• t who veto assitned a key press or in training. Tolerance builds up with

* a mental arithmetic oolk were able to continued flying but airsickness may recur
complete the test, with the introduction of new manoeuvres

%uoh as steep turns# s•inning and &*robot-
Ioa (Tucker at all It 5).n space flight

i i L..mJhuihkUiimafa 66 nraA*iVS the maIlLis and nausea that. ma inL•i•aly
bepAevokad by-head movements nthe seraSriv.ýy environment graully diminishest

In addition to behavioural measures 12 ypically over a. periodof 2 -o 4 days.,
further important factor in reducin
motion aicknees susceptibility in that •• similarly in laboratory experiments, theadaptation. in this contextiX adapttop *04In.e of image-inverting spectacles

refers to the increase in tolerance tQ a initially provokes severe visual Macerien-
nce ogenic stimulus that occurs a,,v U ttioa and, with continued efforts to
per .4 of several dots or even wssiso carry out normal Activities,# ymptoms of
reatedexposure. h neurephysiologit maaise and naueca. After wearig e*pets-
would use the term habituation for this alse continuously over ceveral dayS4
phenomenon, and Would reserve the term nausea is lose readily provoked and looe-
adaptation to refer to changes in the motor activities become more normal
magnitude of the response during the (NilaeLian & Held, 196$), Likewise
course of the application of the atimulus, experimental subjects who a @pnt several
Soth types of adaptive responne can be days living in a room that rotated about a
lean With action sIcknes., EXposed to an vertical axis at 10 rpm showed adaptation
appropriate level of stimulus over say 30 to both the neuromuscular and nauseogenic
minuteeanindividual may show an initial consequences of this environment (Oraybiel
loTs of Well-being followed by partial or at e.1969).
complete recoveo.y indiative of a short
term adaptation ithin the period of the A distinction eon be made between those
test (Fig 3). environments that produce a consistently

reorganised rel•dienmship between the
ILee. various sensory output of motion such as

4. o oti mnerogrdty envYironment of space, the
0...... -- No 4-1tms oilaoninued wearing of image reversing

Speo eotele eand to a lesser degree the
motion environment of a ship# and thoos

1*environments to which exposure is brief
and Intermittent, such an •light Involving
Aerobatics.

4' in the form•r group of onvironments it is
hypothelised that new sneeory inter-rela-
tionship s are established that to some
extent replace or overlie those thatpreviouly existed, As a goenonau e the
return to the normal torrestriai environ.

0mont is Associated with a temporlry degree
* 5 a is . sa 8 of mel-adaptation and evon mild motion

TWme (m) sickneaso symptoms, termed mal dodebarqueinsn,
Figsre a, rt term adaptive response
to a JO a expoauae to a conae Adaptation to aerobotic flight may be
Intensity low frequeny vertical quliti vely different and involve an
osillati~on. rho onset and cessation of extension otthe repertoire of patterns of
forehead sweating r•f•e•ts the chamnges i noeory input that the brain accepts as
subleov~el well-being, legitimate.

Adan~p~tA. •iank afr makian Slak pnt.

Researdhere have attempted to use other The use of adaptation as a therapeutic
measures of adaptation such as the rate of procedure is most apropriate to those
disappearance of illusory sensations situations in which, Polowing treatment,
produced by repeated head movements in a there to sufficient continuity of exposure
rotating environment (Reason 1112). It is to the stimrulus to maintain the state of
not however clearly established that sunh adaptation and also in which the economic
tests of perceptual adaptation are pradio- or parlonal conenquences of continued
tive of the rate of increase in tolerance moton sickes a ke a time-oonsuming
to nauseogenic motion, treatment programme worthwhile. Though

paefolilht Mit thee or rter:i it is
The phenomenon of Adaptation is well known imPol ib e at yet to prodict who will
among Mariners in whom seasicklins symp- sufer apices icnlll and uncertain as to
tome abate during the first few days at whether t9 eronao aguired to any earth-
sea accompanied by an improvement in bound s t?.uiu would tranifer to the
laodootor ce-ordination aboard ship, a mLrogravity anvyxofme• in mimia., t% is
phefemloon colloquially known as getting perhape in the treamnt ef ain 2 1oknes in
onels sea legs, Adaptation Is also a military 4AiVrow that adaptat on treat-
fes4ure of airreaw training. The faMil- nent hag proved t of mast vaue.

* icrisation sortie mAy give rise to alirarw
pinkness in M13 of sircrow and flying Zn 1035 Dowd described the successful "X

. . . . . . . ..... * ..*• .,.. , , . ., •... .•... l;'

'• • - : • • .I.,• • • ,'• : .. ' . . x'.". ... . , - . ____ ___

* . -a __ Ve Ii i0-q

.......



return to flying of an alrsick pilot who subject carry out a visual search took.TheONe Vi I week period received twice daily severity¥ of the Ltimulus ie also doter-
sele one of crose-coupled stimulation. mined by the peak acceleration level, The

Name level ts used throughout each session
Treatment programmes for airsickness in and is set to a level named on survival
student pilot were otarted in 1t65 both time in previous seomLone, that the sub-
in the RAY by Doabi and in the UNIAl b loot wo:ud be expected to tolerate for go.
Dowd. groas-coupled Stiiulation was U161 50 minute.,
a4 a means to provoke eyptome of motion
iliChese and subjects•" nhekaed their Under this treatment regime most subjects
toaeransa to this stimulus by increuental show adaptation as evidenced by an ebilityexposures. Unlike the Uspr egrime, that to tolerate increased stimulus intensities
In the IRAP invoved frOm the outset a or by longer survival timoe. Also in the
*envd Of remedial flying before the course of adaptation subjects find that
ndvviual was returned to trainin. following a treatment aession, their

Review of the first four years of the In recovery time from the Sme level of
programse showed that of 75 sircorw treat- malaise *comes shorter, by the end of
ed, 41% had continued in training for the the grpund phase the expectation is that
s month follow up petiod. The comparable the maArity Of Subjeots will tolerate 30-
sucoems rate in the firet 50 cases treted 30 head movemoent sequences while rotating
in the RAY Programme was Mt (DObie, at d0 deg..' and will survive got 30
1174), and It hks continued to be at or minutesi. vertical osoillation at 0.3nsm
above this level, it in therefore tempt- *3,bmms. While some exceed this rites-
ing to ascribe this difference to the rLo,:, others show a very poor ccapacity to
inolusion of remedial flying, adapt (Fig 3). This failure o adept

Be ms to ae more common among airorew
The RAY airsickness deasnmitimation pro- referred from maritime reconnaissance
grame at it p reent itene of evolution aLrcraft In whichi compered with aoro!atic
consm Its of a day aesessment phase a 4 feat jets# the atTuluse level is relative-
veak ground phase and a S week fying y. now. but eotinues for 0-. hours,
phase. ;(n practice, owing to the va- Aiarre who continue to have motion mick-
garies owehe aiArcraft serviceability nose problem. on thim type of aircraft are
and airorew Il nem, onlýy the ssessment probcbly failing to adapt, not just be-
phsea is of a fixed length). twean succeasive sorties, but alms within

t;e duration of each sortie,
The asseesment consists of a medical
interview, vestibular function tests (post
rotational and sinumoLdally Induced nys- stimulus does
tegmus and positional test), psychometric Too
tests Iysenc2( Personality inventory and
Catell 11 Personality Factors tests) and
assessment of initiLl tolerance to the sac

aund-phase stimuli (oroms-coupled atimu- -

Ston and low frequenoy (0.35Hs) vertical too
osoillation). During t e ground phase of
treatment su eats undergo twice daily -.

asesions of e crosse-coupled or low 400
frequency vertical oscillation stimuli
(usually the same stimulus in any given sola
week) blt with an overall bias oawards
ross,-oupled lesions.

During aross-coupled stimulation ths e
subject site in an enclosed cab on a to: --
turntable and makes head movement me- , 55t
quences to and from each quadrant in pitch
or roll in random order over a 30 a peri- 1 10 is go gs

od, During the earlier part of the course
the rotational velocity of the chair is Run number
increaented grom sera by 1,2, or 3 deog.
after every head movement sequence. The Pflge $, lowg term adaptive remponsem In
rate of increment is determined on the two Individuals erposed to twice daily
basis of initiel sUlelrtLLt~ o the more loemaoll of *Ancree•atI•q levels of aroea-
SUsceptible .ob a ets bain allg ned lower coupled stimulaton.
rates of Increment and hus relatively
longer session duration. liter sessions
ar•e erted at higher rotational veloi- Pollowing the ground phse*, pilots and
ties. Ivory 3a the subject reports his navigators fly a Is hour coUrse under the

bell being In a I to 5 scalel the session supervision of a dedicated pilot. The
is61 stoepod as soon as a rating of 4 flying I! graded in the Introduction of
(Moderate eausea) it reaced Reserch is provocative manouvres according to theyi* . e e% rmat of tc ee th sesio rZ earh heo .i csoure ,is similarart ntle fn prograes to 94u1y the effect cub1 eot*a .ellbeing during the sortie,:11 adopt itAlrl Oa IIIp~ In i t e asso zn to oar, sagesl the course is similar

atl mild 211 malaise). for bot 111tsla navigators and both
ro~p eri encour ed to t•ke aonthcl of

lessions of low frequency vertical eomil- IN !rcraft$ Zn t1 e later staest pilote
lation are carrieli out on a an stroke learn to tolerate incrasingly vigorous
pltform oscillating t 0.oSIo, NauILefg- aar.bOtia sequences while navigators
nioity of this Imulus is int.s.lOL at undertake the navigation of low eovl
INK an' .llesure that preuluIas A Lev of voltol AM Iritl (lehev t I
t a itIs viua erld l01 ; SAMg the t e t)t
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in aircrew referred for treatment of
____ranser __ ad_ _ _ation_ airsickness failed to show a correlation

e -f abetwemn the rates of Adaptation to the two

Implicit in the use of qround-baeed craos- stimuli (Itott, 1990).
coupled stimulation Is the eassmption
that tolerance acquires to this stimulus Although the adaptive rate may be an
will transfer to the motion environment of individual characteristic it may be poase
the aircraft, This proposition has not ble to influence the r~t~e of adaptation Li
formally been tested. Much of the experi- the laboratory by the ep repriast choice
mental work on adaptation (reviewed in of conditions. par example, it is likely
Par er A Parker 1990p Stott 1530) tend$ that if each treatment session repeatedly
to indicate that the heot term adaptation provokes Vomiting this will be counter-
that ocuurs sver minute. or hours is productive to the process of adaptation,
highlg specific to the initiating stimu- geveral experiments to study the effeet of
lse, but that a somewhat more generaliosd difforent stimuls proflaes in adaption
adaptation Is evident over a period of were conducted in the Peneaca slow
days. Nome deo•es of correspondence can be Rotation Room (Iraybiel at Ali 1961,
doioerned betiwot the laboratory stimuli 1069). Subject@ spent up to 16 day$ con-
and the aircraft motion environment. Low tinuously In this rotatin environment.
hvequency vertical oscillation is one The responses of subjects who began rote-
nauseagenic component of flying in turbu- tion at 10 rpm from the outset was com-
lence, similarly, croas-oupled stimuli pared with various incremental approaches
can result froma pilot making head move- to the final Velocity. using a protocol
ments when the aircraft Is in a sustained of nine increments over a period of 16
turn, This is particularly so in the high days adaptation wac achieved in .our
rates of turn that can be achieved by subjects without motion sicknees symptoms
aerobatic light aircraft or by gliders other than excesoive drowsiness, By
flying in thermal•. However, the crose- uontrast four subjects aMposed to the
coupl•d stimulus is lass saevere if the abrupt easet of .0 rpm expe•r4ened nausea,
turn ai not sustained or if, as in high two of whom vomited# one repeatedly, and
speed flight, the rate of turnis low. it was judged that none had fully adaptedby the and of a 12 day period,
High performance Aircreat manoeuvres often
Involve high a# and head movements in this zn thons conditions in which motion sick-
environment can also be both disorientat- ness is provoked by movement kn an atypi.
ing and nauseogenic. It is unclear wheth- eel environment, for example, wearing
er tolerance acquired to a laboratory image inverting spectacles, In mlcrogravi-
crose-coupled atimulus transfers to the ty, or in the slow rotation roomt active
high a environment. stIl less Likely I movements by the subject are likely to be
it that crose-coupled tolerance can give more effective in promoting h adptation
protection against the low frequency than when the subject is passive and moved
vertical osoillatery stimulus typical of by external means, It is postulated that
flight in low level burbulanca, Laboratory voluntary movement generated •repri!cptive
studies on the transfer of adaptation end tactile sensory signals that feed back
tound no increase in cross-coupled tolsr- to the brain (reafference) and are com-
ance as a consequence of an increased pared with what is teormed an efferenee
tolerance to low frequency vertical osoil- copy - an oxpected sansory pattern basri
lation acquired by repeated exposure to on the init el efferent motor activity
this stimulus for 2h/day over 15 days (Von Hoist 1054), railure of the reaffesr
(Pobvin et &1, 1977). ant signal to match the efference copy

leads to illusory senfations and Correa-
tive motor activity and, if a consistent
new sensory pattern persists,,to an adar-

iLaEI f inflmnainng th at&a qf adapt&. tiva response.

Anti-m•tllon sickness drugs have been used
The rate of adaptatLon varies widely in assocLation with ieeatitve nauseogenic
between inditidiiais both in adaptation to stimuli in the expeaeation that they will
novel motion environments aind to laborter- facilitate the adaptive process, tn a
ry motlon stimuli. Although a period og study to ýest this posaibility (Wood at
2 to 4 daya is often quoted for adaptation al, 136) it was found tYlah hyoasine 0.6mg
to the space motion ensuironmqnt some with amphot~mine 10mg or hyoaaine 1.0 mg
astronauts have experienced spac s•e•fnea alone produced a more rapid rate of in-
fer longer periods, In a review of space orease of tolerance comparuJ with plocean
motion sickness in RuesaiI missions one over the 3 dayd on w ih the drug was
cosmonaut suffoced space eiaktass th•r-ugh- taken, However, when the subkýr,:ts were
out ,he 15 da.,• of the mission (Matonev at testoe 1 day after etc ppng mi'jication,
4 l, 1'03). fh,& persintonce of sea sick- tolerance had deoreeas, ta,,.•:rds pro-treat-
ness symptoms during A voyage I less l enPt levels and was signiticantly le~s
clearly evidence of slow Adaptasion since, than the level ot tolerance acquired by
on account of the variability of ine sea sub3eots on placab. ThL Oxgpt ftal in
Istte, periods of calm could lead to the tolerance was ascribed to a phsranoegi-
aee of previouely gained adaptation, cal rebound effeut, but an equally valid

conclusion is that scopolamine hindere the
Greybiel ansd Lackner (1303) compared the process of adaptation, it may be of
adaptive rstes of 14 indivi'riuea to three relevance that hyoscine has been shown todiffoefmet nAUUeeqm6Ae, stimuli and found •nhib£t verbal searnint proess .(2oewthat qualitative omtLmates of adaptive 1970). There is some neurophysiologai

rate for each stimulu wars similar within evidence to suggest that a.adlttih to
eubjeote, A study of the adaptive re- con li"ting Matiah simuli nlve

sponsa to rep*eated Oross-coupled and to could be considered as Cerebellar learning
low S equency vertical oscillation stimuli mechanisms,
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k,,4aeio ..~ack~Iafti~n.of eleeticated bands sold as *Ne a lnds'
or *Acubands", that apply pressure to a

Autogenic training, has been developed as point above the wristf known to acupuna-
an alIternative to repetitive st imul us turisto as the 116 or ROLeii~an point, as a
adaptation to alleviate *pact sickness prophylactic treatment for motion sick-
(Cowing. et &1, 1077). The essential ness. Two controlled trials have failed
problem in attemptting to. pro-adapt indi- to show, any benefit of this treatment
viduals to the action environment of space (Irc at a 1, 12001 vijtdeahaag at al,
is the inability to produce a weight laes 1991). Nevertheless, the placebo ef fect
environment Nor adequate length* of time of any form of treatment, prescribed with
to enable subjects to build up tolerance conviction, may be beneficial to soma
to movement in sero, 0. individuals.i
Autogenic feedback training is described while acupressure is not significantly
as a combination of bieofedback and auto- better then placebo, self-administered
ini therapy. it is based on the proposi- alectrical acustimulation has been shown

lntat the acq uisiti~on of voluntary to be of benefit when compared with a
cntrol ever cartain of the autonomic control group who received no treatment,

reeponses that characterLee motion sick- and with a placebo group In wh.4.chath.
noes would allow an individual to attsnu- device was not switched on but who were

&to at will the whole symptom complex and told that the frequency of the atimalAs
thereb Increase his tolerance. Further- made it imperceptible, However, even this
move il the training were aimed at control experimental protocol does not eliminate
of the expression of motion sickness the placebo effect of having perceptible,
tolerance tdicrant motion that was the form of aelcrcshock that the
not confined to a specific type of atimu- therapeutic device is doing something.
lue, Tbs technique involves both visual
display and auditory feedback of several Similar considerations about the placebo
autonomic responses that occur during the effect agply to the conductive strips that
development of motion sickness, In the dan le ron the rear of cars to prevent
studios carried out by Coving. a Toecano motlon, sickness in the occupants by dis-
(reviewed in Cowings, 2 900)p tne monitored charging to earth any accumulated static
variables worst heart rate, respiration charge on the vehicle. Even if static
rate, pltymgeh fth igrado lectricity were to p lay some part in the
the sin adjacent to the mouth, skin development of car sickness, the charge on
conductance of the fingers and electromyo- a hollow metal box is always on the axte-
graphic activity in intercostal muscles. nor surface while the interior is always
cu Ocet: were taught to control some of at cear potential,

theme ,aeponsaa both in the direction of
reducinq the autonomic response to motion
a1kness and also in the opposite direc-

In a series of experiments it was shown
that tolerance to acrss cou pled stimula-
tion administered at weekly intervals ~ .
increased at a faster rate in subjects who
reiceived autogenic feedback training than
in corntrols or in subjects given a acghi- Applebee TR, McNamara TN & Sitis An.
tive task~ to perform. It was also shown Investigation into the seakeeping uharac-
that there was an increase in tolerance to teristioc of the Us coast guard 140-ft
ot~her nautteogenic stimuli namely, head WIGS class cuttersi sea trial aboard the
movements during 0.33 No t0.36 0 vertical UNCOC mobile bay. Report DTMJRDC/EPb-o§38-
ocillation, and head movements during 01. Dlavid W Taylor Naval Ship Research and
simultanecue chair rotation and yaw axis Dlevelopment Centre, Ship Performance
eptokinetic stimulation. flepartment, Bethesda, Md. 15000

sagehaw, N & Stott JR3. The daseoneitisationAn assessment of the technique has hither- of chronically motion sick airarew in the
to involved only one space mission. Two of 1Royal Air Force. Avist. Space Environ,
the four astronauts an the mission re- Ned 86 35, 1144-6I.
ceived autogenic feedback training. All
four astronauts suffered some symptoms of Besnon AJ. a Quedry ?I, Comparison of
space sickness but those were least in the tracking task performance ano nystagmueindividual who was considered to have daring sinusoidal oscillation in yaw and
achieved greater autonomim control follow- pitch. Aerospace Ned. 42, 1071, 553-601.
Ing treatment.

11ruce 0O, Ooldig 319J, NockenhullN 4Asimilar technique has been used by thb rehybnidge Ki. Acupre Isure nand motion
us Air Porce in conjunction with cross- sickness, Aviat. space Envira on, d. 61,
coupled stimulation as a treatment for 1ogo, 381-.8
airsickness in aircrew (Cons "et al,
11385). of Is sircoew accepted for treat- Caresia, P.. Airsickness rehabilitation in
mint, 79% successfully returned to flying the Canadian forceni A preliminar report.
and a fulther It were partially success- Annual scientific meeting Aefos ice mai
ful, Ih atreatment also forms art of cal Association. 1933. Rprints 63-64.
the Canadian Air Force progrem for the

axis, Acta Citolaryagol. fat 1368, 212-305.
Therem has been recent interest in the use
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Prof.dr, W1J, Oosterveld
University Hospital, University of Amsterdam, The Netherlands,

Motion sielekns onthnues to be a problem encountered In AviL.ton*, s well as in other means of travelling (1,2).
Recent studies (3,4) have stressed the fact that the main teantment is still based on the use of motion sickness
suppressants, Although a variety of drugs 15 available, none of them provides a watertight solution.

Motion sickness as An entity exists as long as men makes use of artificial means of transportation, As long as men
suffers from motion sickness methods of prevention and ways of treatment have been developed and ore still under
development.

Besides advlces about food and fluid intake, the use of neklaces, a metal ring around the arms and plugs into the
external Gar canal at the lite opposite the right- or left handedness, pharmacotherapy is as old as the problem Itself,

An important issue in the search for drugs against motion sickntes is that not only a satisfactorily action and
prevention exists, but also that a compound is free from any distutbing side effect, Side effects which include any
Influence on the working capacity in any respect.
This regards especially crew members who have a responsible task, When it concerns paioengers side effects are
much lass important,

So two different groups can be distingpished in the search for compounds active against motion sickness.

For centuries the search methods for new drugp ware restricted to experiments and experiences with drugs In so-
called field conditions,

Laborattofy instruments are able to provide a means of investigation in order to evaluate qualitatively and
quantitatively the effect of a drug on the vestibular system.
It Is mumed that an effect on the resitance against motion sickness of subjects has a relationi with the resistance
against sickness provoked by stimulation on a rotAtion chair or in a rotation room. It should resemble the sensitivity
for motion sickness,
However, the final Assessment of a drug Is si•wyi. nade in the particular motion sickness condition Itselfe

The Assessment of anti-motion sickness drugs into the laboratory sounds much more attractive, however there is
aiways the lack of reality, the lack of stress as well as to some extend the lack of sway movements and vertical
movements,

When a drug Is expected to exert a suppressing effect on motion sickness, the available laboratory test methods
should not only provide objective measurements about the potency and the duration of action, but should also allow
to eliminate adaptive meohanisms by the body, As well as psychic Influences, In addition this research model can use
a placebo-group, which is usually impossible in clinical studies of this nature.

Old prevention methods concerned behavior activities such as eye flxation at the horison, and controlled respiration,
Also eating onions In order to avoid an abdominal vacuum, Purthermore a whole bunch of advis with regad food
and liquid intake As well as the use of a spread of products,
The use of a drug wast first mentioned in 19 in "the Lancet" where in a letter a combination of chloroform and
tinctura of belladonna was recommended. This was als the first mention of a belladonna derivative,

A study published in "the Lancaet" revealed that between 1829 and IO00 practically evecrthin8 that could be carried,
worn of swallowed wat prescribed at one time or anotlier, Thest prescriptions werL Ao. opium, cocaine, strychnino,
creosote, quittine, nitrons exdde, amyl nitrite, hydrocyamic acid, nitroglycerine, warm salt water, strong tea or coffee as
well as a variety of Aleonolie bevermea (5).

The se-land operations in the Second World War initiated the development of modem drtV because of the military
necessty,It b ycame apparent that in the deulp., of motion sicknes drug tril useful control - of uttermost importance

because of the many influential variables involved,

In experiments several methods were used, all providing at particular combination of movements. Many different
devices were constructed imposinil a controlled motion upon their occupants,

p .e "

-. •.i •;•.).' ... .• ,..• .],• :•.•• , . ' "/',• • •,,•'•WV



Mehdduration (h) bmvetltor
crmnll ships 1 - 4 Hill 1945 (6), Glaser 1951 (7)
a Ircraft I -7 Chinn 1953 '8), Strickland 1949 (9)
1ifa rafts IGlaser 1952 (10)
r~lnp 1/31 Smith 1946 (11)
vertical accelerator 1/3 Johnson 1964 (12)
slow rotation room 1/2 Oraybiel 1960 (13), Wood 1968 (14), Wood '1970 (15)
troopships Atlantic 48 Gay 1949 (15)
mine swtiepers 48 Arrcr 1958 (17)

However, thetre were many doubts as to the relevance and validity of the devices In the evaluation of anti-motion
sickntess drugs. The muspiclanas were partly c~rtfimed as It appeared that drug. with a promen value against seautlckneaa
were relatively Ineffectivec when tested by the motion of swings, accelerations or life rafts.
Furthermore we. ef~ect of a drug was usually assuessed by mneatns of its effect an symptomns as vomiti, mweating and
general feelingsp of vieU-being. Real objective measurements were not available,

In considering the effcacy of ti drug the aize of thme given close Is for many reasons an important factor. Usually a
drug hits a rngep of doses over which a gradually increasing effect wil be observed until a maximum Is achieved.
Very Important is also the time interval between intake and maximum effect. Miscloalne, a long-iatting drug, active
when gives in a once dally dose In experimental conditions at sepi for 48 hours appeared no more effective than a
placebo when given In the same -dose, but only 2 hours before exposure to 60 minutes In it life raft, So many
examples .An be given1 with regard the moment of Intake, the moment of maximum action and the duration of the
effect.

In this respect the following diagram (5) gives a
good example of the effective blood level to time
of experimental observation. The moment the test .

procer~urc Is applied gives false Information In caset- C ,.,.~ O~

b (fig. 1).
It means that for every drug to be Investigated at a
number of Intervals after the administration a tell
hu to be conducted,. . :::::.

In tho pubication of Wood (18) the antl-motiot
sick eat drugs at that time were divided Into tour I __

groups: anticholinerglils, antihilstamines, tranqulizsers ~F4 F.

and miscellanteous. DIt Is nowadays cleaw that such a classificationt doesj
riot serve any purpose,
The Pensacola Investigators, headed by Ashton . . . . . . .

Orayblel, made a review of the available drugs in
the sixttles and with the use of the slow rotation
room made~ studies about the etffetiveness. • ... L.... . . . .. .

Several laboratory techniques were used In rather
recent times.
The oupulometry was first described by Van IFig. I. Diagram relating effective blood level to time o,
Egmcand (19) and later used for many years as a experimental observation.
screening test for the sensitivity of the vestibular
"sytetm. With this test an individual Is subjected to an acceleration on a rotation chair tIll a constanit velocity Is
reached, Ihen, following a sudden stop both the length of the provoked rotational sensation us wall ats the
pootrutatlonal nystagmus Io measured. T1he change In thean parameters Is assumed to give Insight into the effect of a
drug on the vestibular systemi, and so on the tettaltivity for motion sickness,
Cupulo014toey Is not vcry popular anymore in motion alckritcu studies, especially since Dobie (20) was not able to
confirm the assumption that motion sickness uscrwntiblllty could be determnined in an extensive study In 1000 human
subjects.

With the dili test (21) a stimulus was admininstered for the c.,ntrolled production of mol~on sicksiess. The test requires
the subject to make prescribed settIngs on a series of E~ve dials situated at fixe positions around his chair. The
arrangement of the dials is In sitch a way, that substantial head an body movements have to be miade In order to
make the aetting. The head movements are asaumed to stimulate the nauseogenle conlollst vestibular reaction,
well-being ratittia wert ma~c at the completion of each sequence of five settings. The ratings were basled on an 11
point scalle: 0 w I feel fine, 10 - I feel awful, just like I ant about to vomit,
Obmective signs and subjective symptoms reports together have toi be collected Independentiy,
The method can be appilied before as well us following the administration of an anti-motion sickness drulg,
It ttes a great deal to commend It ax technique far evialusting drug efflecacy because It allows a quantitative
1anssaient of the amount of stimulation required to reach a welil-defined pee -vomnItting end point,



Several dirug studies have bean published by Wood and Graybiel (22), Wood (23).
Fig, 2 gives an Impression of, the: results. Accordingi to these studies the combination scopolamine amphetamine
proved to be most effective.
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Fig. 2. Hifuctiveness of antimotion sickness drugs In preventing motion siekness in 50 subjects e"psed on 500
occasions in a rotating environment using the Dial Tast. P'rom Wood and Oraybiai (iD9l),

It must be emphasized that because of the chosen moments of measurements thene results did not fit very well with
the expieriences to reel motion sickness conditions,
According to Parrott (24) traenadermal scopeolamine Is the most effective single drug for the prevention and treatment
of motion sickness. Chalo (25) reported that phenytoin increased the tolerance to motion sickness considerably.
As an example of a drug study I present you the data of a trial conducted in our own laboratory,
The effect of the two drugs. of their combination, end of it placebo on angular accelrartion-inducedd nystagmus and
on linear aceeleralion-Inducod eye movements wus xcamnined In normal healthy human subjects. A compound such as
Cinnarlaine, which specificallyi suppresses the activitly of the vestibular organ, has proven to considerably counteract
torsion-induced nystagmus (26). It seems that under the effect of this compound, the, Inbytth becomes less sensitive
to stimuli, wiht the effect that roeaiv nyatagmus starts at a later point of the sinus-ahapedi stimulus and that it stop*
soon r.
The linear acceleration and deceleration test, specifically on the parallel swing, makes It possible to observe a drug,
induced reduction of the dleflection of the nystegmus movement (27,29),
Dotnperldone, too, has an effect on the duration of nystagmus, but apparently via another mechanism of action
(27,20). In addition, the pharmacokinetic profile of Domperidone, a compound with rapid absorption and relstively
rapid excretion. is cleauly different from that of Cinnarisine, which is slower in reaching Its peak effect, and which is
excreted more slowly. For this reason, It was decided to combine the two compounds and compare their combined
action with that of the separate compounds.

Teat subjects and sellsadiullet Te stud) was carrded out In 25 healthy subjects. DEalt subject participated four times At
weael intervals. The teats wereN perflormned In the morning after the subject had a light meall,
The torsions~wingq teLi The torsion~swing provokes an angular acceleration whic stimulates both horizontal
semicircular canals On the other hand the parallel swinl provokes a linear acceleration which stimulates the otolithu.
The torson sr.mSg produce rotating accelerations In alternating; directions, In the tests, a 20.# oscillatIng period was
used . ne swing was rotated 90 in the horlornotal plane aind subeequently relleased. This produced a rotating
movement of the swing in alternating directions. The slow rotation time of 20 a had a relaxig affect on the test
subjects, w*Ale the stimulation, which was supralimlnal onl Induced a slight senstion Of oscilltion. The stimulation011
brought about a clear nystagrus wl'lch was possiblet to record eetcrsamgahely
The head of the test subject was fiated by mean of a headrest with two pads. T1he subjects were blindfoldled while
the eye were kept closed. Regular als tgogahclelectrodes, were placed on both sides of the huad at the
Onl eye nmovemens in the horizontel plaus were reocorded. At the beiginning of a sequenee a subject was subjected
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to the torsion awing test and oxposed to five complete aecillatonI after which the test med;,Ation was administared
In te~et form. At Ifixed points in time, after the administration of the medication, the torsion swing test was repeated,
Bach time subjectt were exposed to five complete oscilations, For the calculation of the ealec of the compound on
the duration of the itystagmus, the time betweeni the firet and lut nystagmus movement in a given direction was
measured. For each subject, measurements were always based on the %lime direction of nystagmue,
The parele~lak" tsab For the second part of the Investigation, a parallel srwing was used. This ronsisted of a load-
bearing surface suspended from the celling with 4 ropes, 7The maximum deflection of the swing was 123 am, maximum
accaleratlon 348 cmxr', and maximum speed 203 cm.ý. Ithe time required for a complete oscillation Will 31'a. With
the parallel ewlq, a airusoildally alternation liear acceleration wee produced which gvav rise to vestibul"e: yeI
movements. Aus linea acceleration Is a saecific stimulus for thes otoliths, the Paalflel ewing tati may be fogarded a a,
test for the otolitha. When a subject Is rw4Mn sidewerds, a sinusoidal eye movement Is elicited that Ie In phaee with
the ewing movements. Thes movements are caused by stimulation of the otolithe and of the uttleull.
71a subject was positioned on tWe ewing with his heed flted in position on a headrest between two clamps. 74e eyes.
which were closed, were covered With a piece of cloth, 7te swing was then pulled away laterally ovr a distance of
123 am and relcased, resulitin In the oubjet's body making. lateral swilnging mvements. The cmpenststory eye
mnovemlents were registered as described above, For each tast the subject was swung to and Wri 10dtmes, After
subjects had been submitted to the teat 3 times at 15Sthin intervals, the drug under study wee administered. altar
which the test was repeated at Read. points In time.
Before each test, the appatatus was calibrated by having the test subject with fixed head, look In alternating fashlou
at two Buxd points on Cu oeftln an eye movement of 200 was made to correspond to a 20 mm deflection on *the
registration paper.
The swing-lnducad regitered eye movement was a sinus movement. For purposes of calculating the effect of tile
compound administered, the maximum eye movement deflections were averagcd fbr each sub~sct, Each subject
completed the test fbur times, after receivingl at different drug each time, Thus, It was possible to compare change in
the regitered eye cmmvrents.
Medisatiott In both petafs of the study, randontiestion wauswed for the seqenc of the four treatments In each
subject (plcobo (pI) Cionneriline (C), Domperddone (D) and Trjurlstil (1+1))). as well Us for the order of
administration to alsubjects pat saJy Awaj Cato *u &Ms taken that each drug be given with equal frequency in
the 4 phases. The investigation was carriead our In douole-blind fashion, I^e neither the subject nor the Invesidgetor
wats aware of the composition of the tablets, which ware all the same colour, shape, and sizsa

Intemitly of thea veftiblar Itlbltiont During both rotation anid liear movement, Touristil (C*D) causeda
significantly greater reduction (p<0.05) of the duration and amplitude of nystagmus and eye deviation onl 15 mm
after the Watke. As early as 30 min after intake, Touriatil (C+D) performed significantly better (p-0.01) than the
other medications. The shortening of the duration of inystagmus obtained with (C+D) was exceptional In the rotation
test: almost 61% ( 4%) vs. a maximum shortening of 28% (* 6%) for (D), 37* ( 6%) for (C), and 396 (:b M)
for (piI) (Fig 3).
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"s he average maximcum reduction of ampltude 0%~ the parallel "Sin tast was 2 (:k 5), 16 (~4), 26 (a4) and 30 (
5) ror (p1). (D).,U nd(+) respectively (P4., 4). In Increasing order of potency, the following series wE.

obtaood plaebo Damerilood CinarilneandTowristil. Eaah of these "step$, wa# statistocally significant (pac0.05),
The aibledm tiaslmrum inhibition (Pigp 5) was 4%, 30%., 39%, 62*, for (p1), (D), (C), and (C+D), rusplactilsely, in the
rotation test. 'he median amplitude reduction Was 6%, 1796, 269*, and 34% In the linear test. As previously, the
differencels were statilst~clly significant (pcO.OO1).
Thmet of masimum vudbulrIu luhblka -
Maximum vestibular Inhibition was '" '

ruhdafe n average of I h (* 12 to or' l 1N~l i aso o
a* ih (D ;24 It (ah 42 min) with - lw twIit(4 SW ft 4,UII

(C) and 2.12 hm with Touuistil (C+tD) In Is a 450, 4 1, lo
the rotatio teat (fit. 6). This maimudmita

Mo~btion occurred at a signhlantyNI MS45
earlier point in time with (D) than wt ism
(C+D) and (C) (pmcO.0001)i while the
differenes betwean (C+D) and (D) wasumsu
effect in the Parallel swin test occurred .,
at the end of 2.53 h (ak S8m in) for45.
(C+D), 2.14 It (* 35 mlit) for the--
placebo, and 1.24 It ( 42 min) for (C) iN N i

and (D).
The Beptic (1%g. 8 and 9) of the countse
of the vestibulair inhibition during the 4-h

*investigation give a sleaw picture of the Fig. 5. Shortening of nystagmus (torsion swing) and reduction of
effiect of each medication. The placebo amplitude (parallel swing) at time of* maximum activity,
effect hardly deviste from the 100%
line, Cluisisnlan, with Its well known inhibitory effecst on the vestibular apparatus, Is slower In reamchingS Its peak than
Donaperidlone, Touristi (C+D), like Cinnarizine, induces a very strong reduction of the duration of ntystagmus at the
and of capproaimatelys 2 ht, however Its peak effset is considerably stronger. Thea. curves, which were derived from the

two partial Investigations (rotations and linear), showved an Identical pattern. As already stated, the rotation test
evidenced a stronger quanthtative effect
Thse 10* bhI c vietlialt knhblcu A shortening of the nystagmus by at least 10% in practise Is asummed to
correspond to ant aotrty in the prsvsntqc~ of motion sickness (29). C~ts level was reached with Touristfi (C+D) in 16
teat eubjasts within IS main and lIt the total study group (n-25) within 30 min. With (D) the figures were 0 mid 21
qubjects, respectvlvlyl and with (C) 0 and 10 subjects (flit, 7). The WO =I .. 1,11111114

eaun time (6aD) to the occurrence of 10% inhibition was 20 min M____
wi'h Touristill (C+D), while the same values for (D) and (C) were, -

respectively, 35 nin and I h (fIgl 10). These differences were also b~l

statistically significant (p40.,01).

Although measurements were only taken up to 4 h after Intake of e,

the teat medication, the duration of action of Touristil (C+D) as a ~7
medication against motion sickness in the present Investigation was __ UIs. 411is all
longer than that of (C) and (D) (Fill. 11). Again, the differencesu '" *NI,
were sig*Mcant (p-O.001). Contrary to the torsion swing, the U 14 aeevaluation criterlum adopted for the same santi-motlon sickneass,
activity in the parallel swing teat described in this paper was a less. . ,

than.1096 reduction of the amplitude of nystagmus. A comparison ,~,,

of the data% obtained using the two swings shows that the value in
the parallel swing teat must be around a 5% amplitude reduction. Fig. 6. Time to maudmum inhibition wvith
The times recorded for reaching thin minmum of 5% amplitude rotation and linear swings. Wflcoxon
reduction show a rapid effect, similar to that obseived In the 2-talled.
torsion swing As before, the diffrnusns with (C) antd (D) were
highly significant (pa;0.O0l) and in flavour of Touristil (C+D). to factn this point was reached at the end of an
average of 25 mins with Tourlatl,
Superior~itofTouisial to annarislsi:Ftg. 12 and 13 show that the gretest differsice In afflcacnybetween
Chnnarisise (C), the more potent of the two compounds, and Tourissi (C+ D) was seed In subjects who responded
poorly to () on its own. Toa Pearsn correlato factors were 0,34 for the torsion swing and 0.81 for the parallel
swing, and both were higly significant (pac.000OO1).
filde @&ft No side effects werte observed or reported during the study,

- - .'M



101-6t.

reduction of mpltue. 'oti um r of swist subjects * n-2bi

*11wit POF41 I fim wa

AO4 k1ol, 6A N Ifta I A Ou AN I t $h 11"4t

',-AAAA..A

owp,.

aft Nmer ofrug jc with nlgtratlo. aesttera drpessgn U. dshrtningratofnytmsdrioor%

Fi rIJ eauction ofD. apiunti. lonial nmerfe of (lIost subecstagnva urain xd,% o ytgnsapiu

.... ......... .. ...........



10-7

lowE )Ihl (3 to 4)

10) tlose St 4 k~

Pig. 11. Vestibtular inhibition durin Stimulation on Pig 12 Correlation between the additional effect of taturitil
the torsion swing The mediano and the and the offset of cinnarrlae separately (rotation
extrectes of the duration of the nystagmus are tests)
indicated for all four components separatelly.

The aim of the study was to asamine the inthibitory affect of Touristil, a combination of Cirmarizine 40 mg and
D pedoe30 mg, on the labyrinth. Each of these two compounds amerts, a vestibular inhibition separately, albeit

through different mechanisms (1-5), The activity of Cinnarialne (C) Is rather slow at the onset, and reaches a
maximum after 2.3 hours, while the peak effect of Domperidons (D) comes about more rapidly (slightly more den 1
b). It emergad from the present Investigation that the two separate compounds (C) and (D), once In combination in
Touristil (C+D), had a synergistic aoffot on the vestibular system In the torm of an Inhibition, The msimum
reduction of about 60% obtained in this study Is altogether exceptional In this typ of investigation end clearly
underlines the potency of the new combination. In addition, the rapid onset of action of Touristil Is a further
advantage of this new medicine against motion sickness (fig. 10). This prompt action, moreover, has long duration,
which would be especially useful in case of a long-lastln endogenous or exogeonous excitation of the labyrinth.
Finally, It should be emphasized that ftO UP., Oki
both Touristil components are safe
compounds. In addiction, this study
shows that Touriatil In moat affective in
those subjects who are not affected by ?
(C), the most potent of the two, when
$Iven exclusively (fig. 12 and 13). This
can be explAined by the different I
pharmacological properties of the two j
Components: Cinneuluine is a Ce~l-ntry
blocker and Is known to be, amongst
other things a direct vestibular Inhibitor, 1 0
It Is not known with certainty in what
way Domperidone, a peripheral -
dopamine antagonist, affects the si
labyrinth. As there Is en obvious
relationship between the Inhibitory action
of a drug on the labyrinth and its value Fig. 13. Correlation between the additional effect of touristil and the
as a medication agsinst motion sickness effect of ciannriuine separately (parallel swing teat).
It may be conchsded that Tourietil is a
very potent prepa~ration against motion sickness, In addition, Touristil approaches the profile of the Ideal drug against
motion sickness marm closeely than any other medication. In this connection the rapid, potent, and long-lasting effects
of Touristil are of particular relevance.

Representation of the data of this study are meant to show you that laboratoty modeis are useful to some extend.
However, the finai proof must always be given In the conditions where a drug is expected to work.
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Vomiting is a presentin "I pto in a wide
variety of disease@ Iv 1gying diff e ent

To the general physician the problem of systems. Common causes.inld gaeo-
motion sickness typically Presents as a teritim, migraine, excess alcohol consump-
:!quest for advice on how to avoid motion ion, peti ulceration, drug treatment
icknese When travelling, or during ms- id* 46f I teats ad nyugci rn

sure activities such as glidina or mcil- acute infectins It in li ely that
ing. more urgently, a docktor &,%oard ship tendency towards Vomiting as a consequence i

in rough weather may be confronted w ith of an underlying disease could be exacer-
the need to treat individuals prostrated bated by a neuseovenic moti~on envi'ronment,
by repeted Vomiting as a resut of sa
sickn~es,p~ The military doctor may havie to The suggestion, oftoenby those who have
deal with the operational problem of not themselves exper inened motion siak-
airsickness in trainee aircorwt seasick- noess, that anxiety is the principal factor
noess in sailors, or motion sickness among in the nausea and Vomiting of motion
troops transferred by air, in encloset sickness is not well founded (Mirabile

aryprsonnel carriers, lending craft or 1950). Haoetheloess anxiety can of itself
tanV*s Finally, because motion sickness give rise to symptoms of anoerexia, stomach
may have financial implioations by con- awareness and Vomiting, Phobic states can
tributing to the failure rate in a costly therefore occasionally be confused with
traininl programmes medical advice may be motion sickness. Anxiety may however, i

suh norder to minimise the economic worsen an already existing susceptibility
problem of wastage in training, to motion sickness, It has been observed i

In a~psiakness susceptible aircoew that
symp toms call be exacerbated lby increased
work loadi pressures within the sertile and
also by an excessive Anxiety to succeed in
training (Isgshav a stott lees).

motion-induced nausea and Vomiting is
seldom a diagnostic problem. Those who
tend to be susceptible often know from a~o~lcti mmai cMotion Sisuffass.
experience the circumstances %hat Ledges
!ymptomsý Most of the available traphy- rI many circumstances in which motion
lace ia medication is available without a sicness is 4kproblem it is important to
doctorls prescription and often suf I oers instruct individuals in methods to avoid
Will have found a suitable remedy. mdi- or mintimise the stimulus. IOuh measures
viduels may present to their doctor be- may makq the di ffsrence between success or
cause drugs have failed to prevent symp- f~lilure in the effectiveness of prophylec-
tome, because of unacceptab le side sf - tic drugs or may eliminate the -need for
feats, or beCAUsC the use of drugs would drug treatment. When exposure to thin

ifbe contra-indicated, for example, when stimulus is likely to be frequent, an
piloting an aircraftt assessment of the likelihood of useful

adaptation may give the mutterer some
The doctor should be aware of other ding- grounds for optimisin.
nostic possibilities, particularly when
from the history it would seem that the In a review of drugs used in motion sicd-

we eItin persisotL"s aterlu m a~cm l p or (arged & Pert lo66), the authr
tj ol 5 't dia io point, but 'andnua a kWish the results of

the stimillus, Won jrp~lci p ~o ld t experimnatal tr aX which can probably be
has mad no Dgaysne 0 the hec dance o1 trae &* o satioms In th interval

if symptoms, or when there is not a slikilar betwee meiaion, and exposure to motion,
degree of susceptibility to provocative in the duration and tke ofmton and in if

motion in other environments, msuh factors as the md of administration

if ifP.~i~~<'
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Drug Route Adult onset Duration
DOle (hr)

MyolOine oral 300-S00sg 10 min 4
patoh 3oo1g+!O#/hr 6-9 hr 7?injection 2009q 15 min 4

Cinnari•Lne oral 1.5-30mg 4 hr 0

Promethaline
-:theooolo oral 3img 2 he 24
-hydrochloride oral 25mq 2 hr I A

injection 0meM 18 Imn is

Dimenhydrinato oral 50-10Omg 3 hr a

oyclimine oral 50mg 2 hr 12

and dosage level of the drug. The design sickness prophylaxis. Table I liets the
of mo•t field trials has *ignally failed currently used drugs, their dose, and time
to take account of valable Information course of aotion,
about much variables", if this is true
for experimontors, how mush more so is it Despite Its longevity, hyoscine probably
for mere practitonere or their sell-medi- rem&Lne the most potent sIngle anti-motion
gating patients, iokness drug, It is rapidly absorbed

following oral administration and reachesmany of the drugs that are used to treat a peak conoentration In the blood after if
nausea and vomiting from other causes are to I h. Its relatively short half life of
ineffective in motion sickness, Thus about 2. h Implies that its duration of
metotopramide, widely used for vomiting action is no longer than ebiut 4 h. it tI
due to gastrbihtembi nal disorders, mi. therefore most suitable Cir short expo-
rains, maemmothtic agents and cytotoxic murse to relatively intense provocative

drugs is almost certainly ineffective in motion stimuli, lide effects from hyol-
mat or,-induced :ausoa and vomiting (Kohl sins are frequent, in particular light
1007), although an earlier study (Von headednese, drowsiness and dry mouth. The
lIaumgartn to0o had indiuated some bone- drug is not recommended for children in
fit. Likewise prochlorperlsines also used whom the therapeutic margin is probably
it the treatment of nausea and vomiting, narrower and whn are therefore more at
has been shown to have nagligible beneofh risk of serious toxic coentrl effects of
In motion seakness (Wood & Graybiel 1955). roetlessness, hallucinations and psycho-
A reoertly lntroduced drug, odonsetron, i1 mis, For similar reasons hyossine is not
a SOT5 reoeptor antagonist which is highly well tolerated in the elderly. Addition-
effective in the treatment of nausea and ally it should not be used in patients
vomiting induced by radiation and nhemo- with glaucoma and only used with caution
therapy, but hia no effect on laboratory- in patients with urinary retention from
induced motion sickness (Stott at al bladder nook obstruction, Hyoecine has
1080). also been shown to impair vigilance and

short-term memory (Aresell et .L. 1909),
The succoclful use oa prophylactic drufl poslibly a desirable feature in motion
relies upon a knowledge of thoir time ao sick travellers but not in the treining
p'ek therapeutic activity, their sidi environment,
eafect•, and duration of action, it is
also useful to know momethinq of the Oral hyomcine is a leos satisfa•tory drug
varlability of response between individu- for longer expomures on account of the
all to a s andard dose, need to repe•t the dose every four hours,

This shortcoming has been addressed by the
The protection afforded by drugs in motion development of a dermal patch (Faopodwrm
sickness Is far from complete, A survey of TTI Transderm-loop) which delivers a
over 20,000 Pasoan gar aboard firries loading dome of 200 qg hyosino And 20 yo
(Lowther A Griffin Miem) found that lt por hour for up to 72 hOurs when applied
had taken medication. Of these, 11,4% to the' post-aur•ieulr lAn, An offoolivo
vomited during the vsoage compared with drug conoentration is not reached unti•l -
only 3,.6 of those who took no medication, I hours after aplication of the patoc,
af the established drugs, hyoacine (ocopo- though this deoly can be overcome by
Lemina UIP) has been in use for the long- simultaneous adminisuration of a eingle
*et time and ie the most reosarched drug, oral does (Golding et a1, 1101); PDug
Several of the anti-histimins group of excretion continues for vp to 4e hours
drugs also 9how anti-motion sisknoem aoter removal of the patch probably indi
ffects. These include dimenhydrinato and eating that the ekin beneath the patch

its active moiety diphenhydramine cycli ontinuoi to provide a re orvir at 4oivo
sine, ainnariminen and promeoaltins, onu e Scitt I AV Mll, he pracitvpl
Recent reports indicate a • p•enytoin in use oi this pteltaton of h 18ne• must

doatge that gves antte opletic drug therefore be-in uxpoluesl .o a motion
levels %n4 also teriondina in high dosage stimulus lastih tore thn 24. hours# ae

IIhave benefic ial properties in motion for *"amIl eh'nlogr sea voyages.

'X ...
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The efficacy of the hyosoine patch has occur after about 5 hours rather than at 2
been studied on a number of trials at sne hours when peak plasma level is reached.
of varying duration. On 12 hour voyages in Like•wis, iome Indices Of performance
coastal patrol vessels (may at &l. 84), impairment have shown changes only at 5-7
the index of protection, defined as the hours after drug administraticin (Parrott
difference in incidence of seasickness 1986). Two studies of the prophylactic
between drug and placebo groups to a benefit of cinnari Ino using similar
percentage of the incidence with placebo, protocols, found that a dose of 30M
was 234, and exceeded that for prophylao- cinnarisine showed no benerit at 2 hours
tic dimenhydrLnate, In a sea trial lastine (Pingree 1039), but after I hours was as
I days (Attias et al. 1907), an index of effective as hyaocine 0,6mg taken 2 hours
f rotectLon for the first two days of 741 previously (Pngrse a Pethybridge 1989).
all to an insignificant level on the on the basis of these observations' cn-
third day. Although similar see states narisine in a dome of 10mg should be taken
were encountered on the three days, the at least 4 hours before exposure to pro-
incidence of seasickness in the placebo vocative motion and 1I or $Omg taken every
group was much reduced by the third day 6 I houre as required thereafter,
presumably as a consequenee of nature
adaptation. In a sea trial lasting seven Promethamine is available in two forms
days (Van Marion at al, 1136) the hyoeoine either as promethavine hydrochloride or
patch was tested against placebo during promethas ne theoclate. The 24 hour
the first 3 days-of the voyage. A signifi- duration of action of the latter may be of
cant bene t was evident during the first advantage in some cArcumstances, and would
2 days of the trip but not on the third aIlow for a single daily doesa tolrerably
day. Zn addition, following removal of the at night so that the peak seoatfwe effect
p 'ch, those in the active drug group occurs during sleep. Promethasine belongs
experieneed a significantly higher wnci- to the phenothiasine group of drugs# and,
dence of nausea and vomiting than in the in addition to HN receptor antagonism,
placebo group, it wea concluded that the this group possee em considerable anti-
trinmdermal hyooine while Initially aholinergic activity$ so that marked
protectLve against seasickness, had de- sedation and dry mouth are frequent Aide
layea spontaneous ad& tation. In the effects,
longest duration study (How at al, 1oss)
the patch was worn for the entire 13 days Dimenhydrinate was the first of the anti-spent at sea. Therapeutic benefit was histamine group of drugs to be shown to
confined to the first few days of the have an effeat in motion aickness, in a
voyaget and was greatest among inexperi- does of 10mg it is marginally lees effec-enced sailors and in more severe sea tive than 0,3mg hyescine (Wood I Grabiel
states. side effects were few, There were IM6), but has a longer duration of ac-
three reports of difficulty in accommoda- tion. its sedative side effects may limit
tioG in the drug group# and 13 reports of its usefulness,
skin irritation at the site of the patch,
similar numbers occurring in both drug and Cyoliuine is said to be lees sodating than
placebo groups, promethasine or dimenhydrinate, though in

a dose of 10mg it was found to be somewhat
The rate of drug absorption is sup ooed to loes effective than the same does of
be limitod by a membrane within t9e patch diphenhydramine (Wood I graybial 1960).
rather than by the underlying Isin. COylisine is no longer available in the IU
However, studies of excretion rates have without prescriptpion on account of its
found between four and six-fold variations potential for abuse, In excess dose the
in urinary exoretion, and other studies drug can give rise to halluoinations,
have founcd variability in response between
subjects (Pyykko et al, 1995). As with
oral hyoscine tits side effects of drowei- The central sympathaoimetic drug dexampha-
nIes, dry mou;ti may occur, In addition, tamine has been shown to have an anti-
with the patch there may be impairment of motion sickneas effect when used alone and
visual aocmnudeation, This affects partic- to act synergistically when combined with
ularly hypermetropes lHerxheimer 1951), hyoscinea promethasine, or dimenhydrineto
and t hi rnik inorsasaa with the length of (Wood 1990),. Zt also antagonieso the
time for which the patch as applied soporific and performance deorementing
(Parrott liII). Awon mo-e than with oral of sets of hyoscine, The combination of
hyoscine, the dermal patch is unsuitable hyoasine 0.4mg and dexamphitamine Img
for IlI in children. Hallucinations and (loop/dex) is the primary medication used
extraee agitotion were noted in 5 out of by uq astronauts to combat space sickness
24 *hIldren administered either a whole or and Is probably the most effective drughalf scopolamine patch (gibbons ot a1 combination available, However, because
1934), and In a case report of a 6 yoer of its habituating properties and-its
old 20 kg child who developed a toxic potential for abuse, dexamphnatmine is a
psyrhosise a plasma level at 24 hours controlled drug, Zn consequence, its
aner paten application was some 7 times general use in motion eoiknejs prophylaxis
relAter than the equivwlent adult Level Cannet be Justified, A simLar alerting(lennhausar I lchwara 11G), eaffect without the associated risks can bi

obtais.ed with sphadrine 15-30mg, WhenCinn~riAine an antihistamine which also used in oombination with either hyoOaine
ahna calcium antagonist properties has in or promethalino, laboratory studies haverecent years been wirely used in the Ind ea~ed emn aurented prophylaotia effect

prophylaxis of seasickness (Natgreo e Ve either h e mno or pr ethasine alone
M330). Adequate drug leVels can ba main- (Wood A Grayliel 19531, thoeah no cleart. aed wi• h an I hourly demge ach elme and benefit of hyoseia wY s dr e ifo over 2-he drug is said toe raltvely free of h eine alone wa eoo n d 14A6 at seo

the side Iffoct of drowsiness. However, (coma eot &1 1334). as with hyoqihne-
after a sAngle dose, drowsiness tends to ephedrLne may precipitate acts urinary

-g , . .
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retention if there is bladder outflow who vomlted in the placebo group five
obstruction, an offset in which synergism vomited two or more times, whereas the U
can be expected with an anti-Cho ins rgi fLive subjects who vomited after taking
drug. ginger did so only once. When vomiting

powdered ginger, perhaps once in quite
Recently introduced antihistamine drugs *nought These findings arm consistent with
claim benefit over earlier drugs in having the view that ginger may act locally to
less sedating properties. This is ameliorate the gestro-intestLnal cones-
ascribed to an inability of the drd1 to quenoes oa motion sickness without alter-
cross the blood-brain barrier. An a Ing the underlying susoeptibility.general principle druge~that lack any
Activity within 'he central nervous system
car likely to be infolective.Lin motion
iokneas. Zn support of this principle
the Hitaogonat slastemisole is without oi.uav Eaakru'
benot+ in motionsicknessl (Kohl at al.
1087). Howeveri terlonadine, also said to Reviews of the various dietary measures
have no central nervous system penetra- proposed in the treatment of motion sick-
tion, has boen shown to posses@ anti- ness make omusing •eeding (Reason a Srand
motion properties following a mingle dome 1973), but their diversity is some indica-
of 200mg (Xohl et al. 1991). (This dome tion of their lack of value, No effect on
exceeds the manufacturers recommended the incidence of motion sickness has been
maximum of 120mg). Whether at this does found in relation to time of day or the
some drug does cross the blood-brain time of meals (manning a Stewart 19041)
barrier, or whether the principle must be It is generally agreed that vomiting Ie
revised, is not yet clear. However, drow- less unpleasant when the stomach contains
sines@ is an occaeional side #ffoct of something to vomit and that lack of food
torfonadins. :an itself be dimgiriting. squally, it

would seem sonsible. to avoid dietary
A recent study on the prophylact•lc use of e4cesses,

,hnytoin (Chillen et &1. 199•0 found a
id rease in tolerance to cross- Notion sick aLrcrow.havw observed that

Coupled stimulation when taken in a dosage their susoeptibility to airsickness is
(1-1.4 grams ever 24 hours) that produces increased by even moderate amounts of
anti-4pileptic blood levels, This repre- alcohol in the previous 24 hours, and this
ilnte an increase in efficacy by a factor effect of alcohol has also been observed
of four over any other single drug in on tolerance to cross-coupled stimulation
current use. Though no aide effeots were during desensiti•stion treatment (1agshaw
reported in the seven subjects involved in I t•tot 196). For those taking anti-
this study, possible side effects include motion sickness drugs, the instructions on
nausea and vomiting, mental confusion, the packet war agionst the consumption of
dLssiness, headaohe and muscle tremor. It acOhol on account of inoreasd sedation.
may be sLgnifiant that in excess dose
tn is dr6ug produoe signs and symptoms
referable to the vestibular system and
cerebellum, in particular, ataxia, dysar- AdaiAMn
thria and nystagpus. Cerebellar atrophy
May follow larger overdosage. it may For many individuals whose exposure to
therefore be that in the therapeutic dose provocative motion is infrequent, advice
rango the cerebellum is preferentially on how to minimLis the stimulus of motion
sensitive to the neurophermacologicol sickness coupled with the use of an appro-
effects of phenytoin. At the present time, pria•e prophylactio drug offers the abst
however, its use in motion sickness pro- chance of avoiding the condition, ror
phyla•is remains experimental. others, such as week-end sailors and thope

who fly for pleasure in light aircraft or
goot ginger has long been used in oriental gliders, repeated use of drugs may be
traditional medicine as a remedy for undesirable or, in the case of solo fly-
nausea and vomiting, One laboratory study ing, prohibited, Though repeated exposure
(Wowrey & Clayman 1002) has found powdered should lead to adaptationo the frequency
ginger root to be of prophylactic benefit of exposure to the provocative motion is
in motion sickness, Two fmrther liabratory often insufficient to promote an adequate
studies (Stott et al, 1064, Wood M90 degree of adaptation,
that dead an end point of moderate nausea
failed to show any innrease in tolerance Often the dispiriting effect of repeatedly
to cross-coupled stimuli. However, further becoming motion sick during what would
evidence of a beneficiel effect comes from otherwise be a challenging and pleaeurable
a controlled trial at sea (Gro"tved et al. leisure activity, ledse an individual to
1 9686) in which I0 naval Cadets were given take up golf bird watching, or some other
either ig powdered ginger root or placebo, pedestrian Interest. Befors concurring
and were asked to score the symptoms of w th this course of action, the adviceo
nausea, v srtico, vomiting, and cod swat- for example, to a motion si•k gliding

ing, every hoer for the next four hours. student Might be to undertake a more
The number of individuals who reported no continuous period of training in which the
motion sicknoss symptoms was equally intensity or duration of provocation could
divided between tAe two groups. Among the be grade. It could be anticipated that
61t of subjects with sepoms of seasick- having once gained some doegee of adapts.
nest there was no significant differneae tion, its re-acquisition after an interval
between ginger and plaoebo for Ohe symp away from the stimulus might be a more
tone of nausea or vertigo, Howevoo the afoelerated profess.
I Shany of i"Witiaigeand the Saverity of'* c'Iol weating were @ n ificantly reduced Formal deseneLtisation treatment, on
in the ginger group, of the seven subjects account of its cost and the amount of time V
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inVolved, would not be justified for this improvement in woll-being, but with con.
group of individuals, It is however possi- tinued stimulus malaisA worsens and vomit-ble that a self-administered ground-based inc recurs. some Individuals may becomedesensitieation course might affer some toially proutrated and appear very Ill.
degree of pro-adaptation to someone par- When this occurs aboard ship, sufferersticularly enthuliastic to eucceed, It is should be moved to the part of the ship
simple to generate a orose-coupled stimo- where the provocative motion is at a1l0 using a rotating atfice chair kept in minimum, and should lit down, Adequate
cantinuous motion with the feet, the fluid Intake is not possible until vomit-occupant making roll or pitch head move- Ing has stopped, and to this end anti-monts, Howevera rotational velocity Is motion sickness drugs may be required by
poorly controlled by this method and it is inj•ction. lever* motion sickness isnot difficult for a susceptible individual frequent aboard life rafts in rough seas
to make himself rapidly unwell. Another and could be a significant factor affect-
readily avaLlablo devic, is a conventional iog survival. Although drugs given Orallyowing. This device offers two types of are of no value, buccal absorption ofsensory conglict, both of which are fea- hyoscne, administered as the proprietary
tures of aviation, There is an alternat- dieporsible form (Iwells), has been shown
ins acceleration stimulus that has both to be as offeotive as generic hyoncinovertical and horiSOntl Compohentbi Whose tablets administered orally (Golding et alfrequency of oscillation can, by appropri- 1951). An effective blood level can be
ate choice of rope length, be brought into obtained within S0 minutes.
the nauseogenic range (Sm for 0.25 No,
2.25m for 0.53 3 ) I . n addition# because The transcutaneous routs of administraLion
in a freely swinging pendulu the result- is of no immediate value in individuals
ant force vector is Always aligned with already sugffring symptoms of motion sick-
th ropehh• subje•ctexr:iences the ness an account of the I-$ hour time
alternat ng angular rotion stimulus interval before therapeutic levels of the
without a correspondLng change-in the drug are.reaihed., Toachieve a more rapid
direction of the resultant vector# the onset of activity drugs must be given by
same conflict that is engendered by co- injection. in an uncontrolled case otudy
ordinated turns in aircraft, To render the of airsickness in 47 individuals who
Swing stimulus comparable to that in the undertook0repeated flights involving
air, the subject would require to sIt parabolic manoeuvress the intramusciar
sideways so that angular oscillation of administration of diphenhydramine 30mg,the Pwing would act In roll rarther than romethavine 25mg and suing end hyoscino
in pitch, O,5mg were compared for their bonefiolal

effects on reversing severe symptoms of
A further dvicae (AsrotrimR), found in nausea (Oraybial A Eackne: 1957). Both
some sports eentres, consists of three hyoscina 0.,mg and promethasine 60mg
concentric metal rings, the outer one lnowed beneficial offects in 72 and 70% offixed to the ground, he Ainner two rings subjects respectivel y whereas little or
free to rotate about axes at right angles no benefit was obtained from the lower
to each other, with the innermost ring, dose of promethasine or from diphenhydra-
about 2m in diameter, configured to carry mine. The therapeutic efficacy of hyom-a otanding subject. By appropriate move- aine when given intramuscularly is about 6
mont of %is body, the subject who is times that of the same dose given orally
tethered by the feet and restrained by a (Cirakhur 1971). This difference is a
metal hoop at waist level, can ro to consequence of the first-pass metabolism
about two axes simultaneously. The nau- of orally administered hyosvine in the
geogenicity of this device is not severe, liver. Thus 0.5mg hyoscine given intra-
but robably derives from its capacity to muscularly would be equivalent to aboutproduce crc s-coupling of a somewhat five times the standard oral dose, such a
uncontrolled nature, and unfamiliar dose runs the risk of toxic side effects,
changni in the dynamic force invironment. For this reason the intramuscular injec-

tion of promethaineO s0mg is to be pre-It has to be admitted that none of theme ferred as the treatment for established
expedients designed to promote adaptation nausea and vomiting due to motion sick-
has received experimental validation, in ness,
fact, in a controlled study, repeated
exposure to swings used in the convention-
I1 fashion failed to protect against

airsickness (Gibinon at &1. 1943).

The military doctorplrhaps more than his
civilian counterpart, has to balance theh loss of operational effectiveness produced

a v nby motion jAckness with the possible
d trimental effect on performance from theOnce individuals have reached the stage of sIdo effects of drugs, and, if neither

vomiting, drugs are loes effective and alternative is acceptable, to consider the
have to be gavan parenterally and in need to suspend or re-role affected indi-higher dasage. Iven in the period of viduals,
me acis that precedes vomiting there it a
marked delay in gastric emptying time Hetin sickness may hay. cignificant
(Wood 6t aL 1987) and the absorption of economia consiegUnnee! when it contributes
orally administered drugs will therefore to the failurea tt in a n eansVe train-.
be impaired. In prgam.One so~itioca might be to

develop semis ataction test to eliminate
Having Vomited, there is often a temporary those individuals likely t4 noeunter
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problems with notion sickness movers Dobie To. Airsickness in aircrew. A0ARDo-
enough to result in Withdrawal from train- graph AG-i??, AGAKD/MATO, Nouilly-murt
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[Engulshi ogemptoss. ulih
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