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ABSTRACT 

Labyrinthine detective (L-D) and normal eubjects were nown through zero-gravit7 
maneuvers and their motion sickness symptomatology observed. The L-D subjects 
ahoved no aigna ot motion sickness, whereas 64 percent ot the normal subjects 
developed eymptou. The absence ot functional labyrinthine mechaniams appreciabl.J 
decreased, and probabl.J completei, eliminated, eusceptibllit7 to motion sicknees 
during zero-gravi t7 maneuver a. 
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I~RODUCTION 

The primary objective of this inventigation was to compare the functional &111lJ>toma of two groups of subjects durtng exposure to the force environment i..n a C-131B aircraft flying through standardized Keplerian trajectories. One group ot subjects was made up of persons wi •h bilateral labyrinthine detects (L-D), while a second group had normal vestibular function {normal subjects). A seconde...7 objective was to compare the findings obtained ia this environment with those obtainoo earlier on some of the same subjects exposed to standardized acrobatics, wave action at sea (ref 6), coriolis acceleration 1n a slowly rotating roomtt-, and centripetal force in a counterrotating room (ref 5). 

A survey of the pertinent literature has not disclosed an, report dealing with exposure of L-D subjects to weightlessness. There are a few reports describing their participation in other types ot experimental flights, but no comnent was made regarding symptoms or motion sickness (ref's 7,9). 
Persons with normal vestibular function have been exposed to weightle1sne11 in a variety of experiments. The experiment which has been used moat extensively is the parabolic night which produces weightlessness periods ot 10 to W seconds, preceded and followed by high positive-G loads. In these nights, subjects were either "restrained" (refs 3,16) or "free noating" (ref 8). Gerathewohl (ref 3) has sumnarized his experience at the USAF School ot Aviation Medicine in which 16 subjects were exposed to a total of 300 parabolas, during which 6 of the subjects developed motion sickness. Von Beckh (re! 1), sumnarizing the experience at Holloman Air Force Base, reported that 6 ot 18 subjects became motion sick during zero-gravity nights in a T-33 jet aircraft. !Df'tus (ref 8) has 1U11111&rized the extensive experience of two groups of wbjects at Wright-Patterson Air Force Base. In the first group, 45 persons participated in zero-G flights and 23 vomited 0.1 one or more f'lights. In the ~econd group, 90 persons participated, 21 vomited and 23 others reported nausea. Of the total of 44 who vomited,~ experienced a recur­rence of' nausea in the evening of the day they were motion sick. 

Three generalizations may be drawn from these experiences with parabolic r'.&.ighta: (1) the incidence of motion sickness was greater when subjects were "free noating" as compared with being "restrained," (2) susceptibility to motion sickness is gen­erally lower with increased flight experience, and (3) weightlessness was not the only variable and the motion sickness produced may have been influenced bJ the other flight stresses, particularly the positive G1s. 

More prolonged exposures to weightlessness have been experienced in other types of' flights; namely, the X-15 (ref 12), the suborbital, and thu orbital flights. 

itGraybiel, A., and Clark, B. A report on a comparison of' the symptoms experienced by healthy persons and subjects with labyrinthine defects exposed to Coriolis acceleration in a rotating environment. In preparation at the Naval School of Aviation Medicine, Pensacola, Florida. 

l 



Prm the Wormation available, only Coamonaut Titov (rets 2,13,14) experienced 
apptou characteristic ot motion sickness. The tact that Glenn (ref 4) reported 
111ght eea1ickne11e1 while in a lite ratt atter impact points up the lack ot 
tranater trom whatever adaptation to unuaual torce environments he acquired in 
tlT,1ng to the environment at aea. 

METH0OOIOOY 

Subject• 

'nl• 6 L-D subject• t eated ranged in age trom 20 to 48 ;years. The principal clin­
ical finding• on theee aubjecta are IUIIID&rize,J in Table I. 'lbe tests of otollth 
~ction revealed autticient variance to raise the question or residual .function 
1n 1011e inatancea. 

'nle 19 normal subject• were made up or two group~, student subjects and regular 
IUbjecta. The tormer consisted ot 9 health;y medical atudenta, 21 to 25 years old. 
A 10th candidate wa1 not allowed to participate because hie susceptibility to 
110tion sickness under other circumatancea indicated undeai.:roble complications might 
ensue. 'nle regular subjects conaiated ot 10 enlisted men, 18 to 21 years old, who 
were a••i&ned to the Naval School of Aviation Medicine tor the express purpose of 
participating in experiment,. ill 19 aubjecta were tree or .functional disorder, 
detect or di1ea1e ot the aenaor, organ• ot the inner ear aa determined b;y histor;y, 
awliogx-am, and the caloric teat. 

Th• Force F.nrlroment 

• Jt.tennce 18 describes in detail the force environment or the zero-gravi t;y airplane. 
A t7Piaal tlicht procedure, tor convenience termed a "maneuver," consisted of a 
lba]low dive followed b;y a pul.lup generating 2.5 G and a pushover into a ballistic 
trajecto?7 with approximately 10 to 12 1econd1 or weightlessness. Recover;y in­
,ol'Nd a pullup generating about 2.5 G. Unless interrupted, a tlight sequence con-
1i1ted ot JIJ maneuver,. 

Procedure 

'ftle subject• were thoroughly briefed regarding the nature ot the experiment and 
were indoctrinated in aatet;y procedures. The7 were seated in airline-t;ype seats 
and restrained b;y aeat belts. 'Ille information sought waa obtained with the aid of 
tour questionnaires. 'Ille first questionnaire dealt with the fitne,sa or the subject 
to participate and with hie estimate of his concern and expecteQ performance in 
relation to others. The second queationnai,i,9w:a.a uaed b;y the experimenter and con-
1i1ted or a checkott list with rating acalea or the sign• and symptom• of. motion 
1icw~o. 'nle third and fourth questionnaires were uaed to aasiat the subject and 
axperiDtnter in the tinal evaluation inaediately art.er the flight. 
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R!SULTS 

As indicated in table II, oru., two symptom• were reported tor the entire group or 
L-0 subject s and these symptoms were barel.J detectable. The L-D's as a group were 
essentiall7 symptom tree. 'l'he7 enjoyed the flight and grasped eveey opportunit7 
to fly as an aseistant or passenger. In these additional !lights the7 appeared to 
enjo7 he experience or tree-floating. 

The normal subjects were ranked in order or decreasing susceptibilit7 to t he func­
tional symptoms or D>t ion sickness. Four or the 10 regular subjects ( table III) 
were regarded b7 the experimenter as le11 fit than normal although the7 rated 
tnemeelvea ae "fit. " ill except one regular subject completed the aeries or I.I) 
maneuvers. This subject requested termination because or severe discomfort. 
There were individual. differences among the regular subjects but these difference• 
were not predictable rrom their ovn estimate of concern or performance. Of partic­
ular intereet were the effect• in the case of L whose verbatim report follows: 

"Imnediatei, arter the flight, I noticed no unordinarJ aftereffects except a 
little dit!icult7 val.king and a alight nausea. This laet~ for about an hour after 
the fiight. Everything was fine until late Frida7 (da, of night) night. At 
approximatei, 10:45, I noticed difficulty in valking when I Vfl~ getting reac.17 to 
turn in. (Since about 8, I va1 watching TV and noticed nothing.) Whenever I would 
teJte a 1tep, my toot would seem to keep falling. When I la, in my bed I seemed to 
b ,.1 to11ing from side to side. I know I vasn•t because I was holding on to my bed. 
Several time• I got out or bed and walked to the bathroom and while in the bathroom 
would val.le up and down 1eeing it it wuld stop. It would stop for a while and 
start up again. I vent to 1leep, and when I woke up I felt normal until approx:1-
matei, 10 when it started again. I noticed it the moat when I wuld come from one 
extreme to the other, ie, trom ver, bright light to a place or shade, from a warm 
apace into a cold space or vice-veraa, or when I would stand up rapidly. Saturda,, 
around noon, I went to town, and it 1eemed to get worse. When I wuld sit down, 
it would have a strong effect. Thie lasted until that (Saturdq) night, varying 
from a point of strong effect to a weak one, and at times it would disappear entire­
i,. When going to sleep Saturda, night, I felt fine. Sunda, morning I noticed it 
ver, 111ghtl.J eve17 once in a while, then it seemed to clear up completei,. Toda,, 
Monda,, I have no feelings of unstableness at all. 10:30." 

Careful inquirr revealed no explanation tor the symptom.a in terms of medical hi1-
to17 or associated symptomatolog. Sub1equentl7, this 1ubject participated in a 
aerie• ot flight• in which he vaa exposed to even longer periods or weightlessness 
without dela,ed aftereffects. This incident points up a troublesome deviat ion 
from the usual pattern or vestibular aicknea1. 

The student subjects (table IV) also varied greati, in su1ceptibllit7 but differed 
from the regular group in that more tell at one extreme or the other. One flight 
sequence vae terminated after ten maneuver• at the request or tvo subjects. One 
of the two subjects, Q, felt sick after one maneuver, and both subjects manifested 
symptoms of anxiet7, suggesting that the night a.cted in part as a nonspecific 
1tressor. Two other subjects who were on the same .flight nece1saril7 !ailed to 
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complete the predetermined number ot maneuvers., but the early appearance ot pallor 
and BW'e ting suggested that the7 were to be included among those who were quite 
susceptible. At the other extreme were two "insusceptibles" who ehowed no symptoms 
o! motion sickness. 

The L-D subjects and the nine student eubjects had been exposed to unusual force 
environments other than parabolic fiight. A listtng of the student subjects symp­
tomatology is given in table V. Since the L-D subjects showed no symptoma in any 
of the force environments., these subjects are not included in the table. The 
student subjects., ranked in order of susceptibility to symptoms in the C-]jl air­
craft show the same general trend of susceptibility which occurred in the other 
force environments. 

SUMMARY AND DISCUSSION 

Subjects with bilateral vestibular defects not only failed to show or report symp­
tom~ of motion sickness in parabolic flight but actually enjoyed the experience. 
The likelihood of obta.ining similar results in six norn.al persons with minimal 
fl18ht experience is small. We assume the L-D subjects were representative of 
labfrinthine defective subjects in general and that loss of vestibular function in 
the L-D subjects was responsible for their lack of symptoms. 

The incidence of S)'Dlptoms in the normal subjects corresponds closely to the results 
reported b7 Lott.us (ref 8). Although Lott.us rdported a 51% incidence of symptoms 
as compared to 64% in this stud7., he used vomiti~ as the only indicator of motion 
sickness. The percentages would very li.kely have been in even closer agreement if 
other symptoms had been considered. 

Apparently ll)'Dlptoms such as the ones Titov experienced in orbital flight may be 
ascribed to vestibular function. That the other participants in orbital flight 
did not experience symptoms might have been due either (1) to low basic suscepti­
bllit7., (2) to transfer of adaptation acquired in other types of flight or acceler­
ative devices, (3) to the fact that weightlessness is not a strong precipitating 
factor, or (4J to a combination of these. Our findings indicate some persons are 
resistant to motion sickness when making transitions in and out of the weightless 
state, whereas the majority of naive persons with a normally functioning labyrinth 
are highly susceptible. Although there is some evidence that experienced pilot s 
(ref l) are resistant to vestibular sickness in weightlessness, there is little 
actual proof of transfer of adaptation. We believe if weightlessness is a factor 
in precipitating symptoms of mot.ion sickness, it is not a strong factor. 
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