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SUMMARY PAGE 

HE PROBLEM 

A comparison between blind and normally sighted persons was made to investigate 
the role of vision in  the genesis of motion sickness. 

FINDINGS 

A group of twelve persons selected only on the basis of their visual defects were ex- 
posed to stressful Coriolis accelerations under standardized conditions. AI I demonstrated 
differences in  susceptibility to acute motion sickness that bore no relation to their rank 
order of visual deprivation. Insofar as comparison with a group of normal subjects was 
made possible, no significant differences in susceptibility were demonstrable. 

It was concluded that vision i s  not an essential but rather a secondary etiologic 
factor in  the genesis of motion sickness. This i s  not incompatible with the fact that 
symptoms characteristic of motion sickness may be visually induced in  the absence of 
"motion e 'I 
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INTRODUCTION 

This report deals with the role of vision in the genesis of motion sickness based on 
a comparison between blind and normally sighted persons who were exposed to stressful 
Coriolis accelerations under standardized conditions. Statements to the effect that 
blind persons aresusceptible to motion sickness appear in  the scientific I iterature 
(1,2,13), but we have not found any reference to systematic observations conducted on 
blind but otherwise normal persons. A reason for this neglect i s  found in  the ease with 
which the visual environment can be controlled i n  sighted subjects; yet, important 
differences exist especially between persons born blind and sighted persons with eyes 
covered. These include: 1) the anatomical and functional organization in the central 
nervous system, 2) past conditioning based on visual experience, and 3) any immediate 
influences based on visual memory. 

PROCEDURE 

SUBJECTS 

Twelve blind and sixteen normal persons participated in this experiment. All re- 
ceived a thorough medical examination, the details of which wi l l  be published else- 
where, and were in  a satisfactory state of health, although the physical fitness of the 
blind was below that of the normal group. 

The normal subjects, six women and ten men, were between 16 and 20 years of 
age. All had normal visual acuity. Two had a history of middle-ear infection without 
sequellae. All had normal hearing except for four men who had a slight high-frequency 
loss. The threshold caloric test (8) values and ocular counterrolling indices (10) were 
within the normal range, indicating normal function of the canalicular and otolithic 
systems, respectively a 

The blind subjects, five women and seven men, were between '16 and 44 years of 
age. The important optic findings of the twelve, along with their past history of ex- 
posure to motion and subsequent symptomatology, are shown in  Table I .  AI I except 
one (AL) were born with their visual affliction. Three subgroups were identified: no 
light perception in either eye (two subjects); no light perception in one eye and mini- 
mal light perception with (one subiect) and without (two subjects) projection in  the 
other; and seven who were partially sighted and could perceive horizontal and vertical 
elements in a well-structured visual environment. 

Functional evaluation of the vestibular organs in  these blind subjects posed diffi- 
culties in some instances due to the presence of spontaneous eye movements and in- 
ability to fixate satisfactorily. Nystagmography was impossible in one (SL) because 
the oculi bulbae did not generate an electrical field; visual observation of nystagmus, 
however, indicated he had a normal threshold of response to angular acceleration and 
a good response to thermal stimulation. In the remaining eleven, nystagmography re- 
vealed that the threshold nystagmus response to thermal stimulation of the canals was 
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normal in  three and slightly above normal i n  eight. The ocular counterrolling index was 
well within the normal range in ten and within the normal range in two, If a small al- 
lowance i s  made for the difficulties encountered in  carrying out the vestibular tests, a l l  
of the results may be regarded as within the normal range. 

The twelve blind and fourteen of the sixteen normal subjects had no experience in  
the slow rotation room (SRR) prior to the present experiment. The remaining two sub- 
jects (BRO and GR) had had much experience in the room. 

APPARATUS 

The new Pensacola slow rotation room, described elsewhere in detail (3), i s  a 
windowless circular structure without any central supports, 20 feet in diameter and 10 
feet high 
in  the present experiment. 

I t s  excel lent operational characteristics and instrumentation were not taxed 

THE PROVOCATIVE PEST 

A slight modification of the Dial Test (6) was used. The Coriolis accelerations 
were generated by simultaneous rotations of room and subject. In this experiment ve- 
locity of the room was either 7.5 or 20 rpm. The head movements (H-M) were carried 
out according to taped instructions in sequences of five, requiring 25 seconds, followed 
by a rest period of 6 seconds. These movements involved flexion of the head (and, to 
some extent, the upper trunk) and return to the upright: 1) forward, 2) leftward, 
.3) backward, 4) rightward, and 5) forward. Past experience has indicated that, with 
few exceptions, even the highly insusceptible wil  I experience symptoms at the higher 
angular velocity. Although a cut-off at 300 H-M's has often been employed, only 
100 H-M*s were used in  this experiment. 

The severity of the symptoms was graded according to the diagnostic criteria 
summarized in  Table 11 (4). It should be mentioned that these criteria include the re- 
liable responses; some are unreliable, others are covert. Stated differently, the evi- 
dence used in making a diagnosis may be less than the total symptomatology. Due to 
the cumulative effects of the stressful accelerations, subjects tend to underestimate 
rather than overestimate the severity of symptoms until these become prominent; hence, 
the endpoint may be overshot. Past experience (1 1) has indicated that when subjects 
areacutelystressed, M IIA i s  as reliable a criterion as M 111, and even M l l B  i s  highly 

assessment of an overt symptom. The designated endpoint in this study was either "severe 
malaise" (M 111) or 20 sequences (100 H-M's). 

, however, i s  unreliable as an endpoint even though it may be anaccurate 

METHOD 

Prior to each test an open-ended questionnaire termed "subject' s preexperimenta- 
tion intewiew" was completed to ensure that the subject was fit at the time of testing. 
hen he was secured in  the chair, the room was brought up to the desired velocity, and, 
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after 60 seconds at constant velocity, the taped instructions were played and the subject 
began the head movements. 

Each subject was tested individually, and at least one day separated consecutive 
experimental trials. The blind subjects were tested with eyes open, f i rst  at 7.5 rprn, 
then at 20 rpm. Subject GI, who experienced frank motion sickness (S) at 7.5 rpm 
after 70 H-MIS, was not exposed to 20 rpm. The sighted subjects were tested first with 
eyes covered by an opaque patch, then with eyes open, both at 7.5 and 20 rpm; a few 
did not participate in  a l l  four experimental trials. 

RESULTS 

The symptomatology was quite similar in subjects with and those without visual de- 
fects. The principal findings are summarized in  Table 1 1 1 .  Among the twelve blind sub- 
jects eight reached or exceeded the designated endpoint M 111; one each experienced 
M IIA and M I, and two were symptom free. Of the two who were "totally blind" one 
reached the endpoint at 7.5, indicating high susceptibility, and the other at 20 rpm. 
Of the three who were "virtually blind" none reached the designated endpoint; one 
each reached M IIA and M I, and the third was symptom free. Of the seven who were 
partially sighted six reached the designated endpoint and one was symptom free. 

When the sixteen normal subjects were tested with eyes covered, six reached the 
designated endpoint, three reached M IIA, one reached M IIB, three reached M I ,  and 
three were symptom free. Only thirteen of the sixteen were properly tested with eyes 
open; eleven reached the designated endpoint, and one each, M IlB and M I .  Of the 
remaining three, one did not participate, subject TI  reached M JIB at 7.5 but was not 
exposed at 20 rpm, GR was symptom free at 7.5 and was exposed at 20 rpm on an earlier 
(reaching the designated endpoint) but not on the present occasion. 

In Table IV the findings on the two groups are compared, using not only the desig- 
nated but also a reliable endpoint described above under Procedure. With the designated 
endpoint, i t  is seen that, as a group, the normal subjects with eyes covered were less 
susceptible than the blind, but not with eyes open when there was a tendency toward 
lower susceptibility i n  the blind subjects. The same conclusions were demonstrated 
using the reliable endpoint. 

A comparison between the virtually blind and the normal persons with eyes covered 
and between the partially sighted and the normals with eyes open revealed insignificant 
differences in susceptibi I i ty . 

DISCUSSION 

The fact that the susceptibility of the two subjects with total absence of light per- 
ception since birth was similar to that of the six most susceptible normal subjects with 
eyes covered i s  the best evidence that vision i s  not essential in  the genesis of motion 
sickness. A person completely blind since birth would, h a l l  likelihood, suffer 
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morphological changes and functional deterioration along the visual pathways similar to 
those observed in kittens deprived of sight at birth (14). Such abnormalities would re- 
duce the optic connections in  the central nervous system, rendering it less complex and, 
conceivably, less I ikely to be "disturbed" by unusual vestibular inputs. 
functionally there would be no visual contribution to the intersensory organization in 
the CNS, and visual-nonvisual "conflicts" or interactions would be impossible. If this 
were generally applicable, the corollary could be drawn that sighted persons with eyes 
covered have the same innate susceptibility to motion sickness as those completely blind. 
A sighted person on closing his eyes, however, s t i l l  has visual memories, and he may 
respond to visual ly conditioned stimuli 

The great variation in susceptibility to motion sickness among unselected persons 
with normal function of the vestibular organs prevents firm conclusions to be drawn from 
comparisons between smal I groups. individual differences must account for the much 
lower susceptibility in the three subjects who were virtually blind compared with the 
two who did not have any light perception and the seven who were partially sighted. 

There is no doubt but that the normal group was more susceptible with eyes open 
compared with eyes covered. There were only two exceptions to this generality, and 
in one instance the difference was not substantial. This finding i s  in accord with pre- 
vious experience in an SRR (7) e The smal I differences noted when the five totally or 
almost totally blind were compared in  susceptibility to the sighted with eyes covered 
and when the seven partially sighted were compared to the sighted with eyes open are 
partly fortuitous but nevertheless point up the relatively great role of the vestibular 
organs compared with vision in the genesis of motion sickness. 

This study did not touch on the many other aspects of vision that directly or in- 
directly might influence susceptibility to motion sickness in particular people or under 
particular circumstances. Our findings are in no way incompatible, however, with the 
fact that symptoms of motion sickness may be visually induced in the absence of "motionk" 
(12) or that vision, by locking onto an Earth reference for example, may reduce suscep- 
tibil i ty to motion sickness (5,9). 
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