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hany opinions and hypotheses have been presented on the ceuse of origin
of the vestibulovegetative complex of symptoms and illusions of spatial
position during space flight. The leading significance in the development of
the indicated complex of symptoms is attributed to the unusual functioning
of the vestibular analyzer, and the otolith apparatus in paxticular.

Studles of otolith functions in humans under conditions of experimental
short-tern welghtlessness are unanimous (Ye. k. Yuganov et al,, 1965; homan
et al., 1963). A repression of the otolith reflex during the period of
initial action of welghtlessness was noted. In the literature accessible
to us, we have not found any publications dealing with the state of the human
otolith apparatus after space fligh.

The purpose of this research was the study of the uffects of conditions
of 1oﬁg~term (30 and 96 days) and short-term (up to 7 days) space flights on
the otolith function of cosmonauts. This report examines materials from
the examinatior of members of space flight crews of the "Soyuz-21" “"Salyut-5"
(30 days), "Soyuz-26" -- Ysalyut-6" (96 days), and the "Soyuz-22" and "Soyuz-28"
(7 days each) manned space flights.

According to data of pre-flight clinlco-physiologlcal examinations, all
cosmonauts wlth the exception of cosmonaut V. sykovskiy, the commander of the

vSoyuz-22" space flight, were certified in good health, without any specifics



on the conditlon of thelr otorhinolaryngological organs., In this cosmonaut,
a congenital high vestibulovegetative stability was noted in the course of
repeated complex exaninations.

The intensity of the otollith reflex was determined by the antirotation
angle of the eyeball with the deviation of the body in a frontal plane.

Of the numexous exigting methods of reglstering this reflex (Graybiel et al.,
1959; Liller, 1962; Jongkees, 1966; Nelson et al., 1971) we delected for the
basis of our study the Fischer method (1930), the application of which does
not reguire anesthesia of the Gonjunctliva or marking the cornea. This
nethod, which has become widespresd in clinics abroad (vit, 1550; ¥luux,
1975), is based on dete.mining the antirotation angle of the eyeball with
the aid of visual afterimage when going from a vertical position to a
horizontal one.

The device which we constructed consists of a rectangular camera with
a vertical slit, a photographic flash mounted inside the chamber, and a
separate dlsk mounted on a stand and graduated into 360¢ with 1° divisions.
A moveable arrow with handle is attached to the disk.

The test is conducted in a dark room in two stages. In the first
stage, the rectangular camera with slit is placed in front of the subject
who is seated on a couchs After the flash, an after-image appears on the
retina in the form of a bright vertical line. At the second stage, the
subject is slowly brought to a horizontal lateral position in which he must
remain immobile for a perliod of 25 ~ 30 sec in order to record ampular reflexes.

Then the subject opens his eyes and places the arrow on the graduated disk



parallel to his visual image. The test is repented at least 3 timos.
The angle of deviation of the arrow from the horizontal initiel position
constitutes the antirotation angle of the eyeball. /22
In connection with the disparity of information in the literature and
differences in devices, noxrms of otolith reflex in 75 somatic healthy males
without pathology of the otorhinolaryngologlcal organs or the nervous
system were determined for our device. The age of test subjects ranged
from 25 to 40 years. Average values of antirotation angle of the eyeball
in adults (in degrees) compriseds on the right side itn=12% 1.07,
d =t 8.4, on the left side respectively 13% 1.02 and *8,2, The value of
dispersion of physiologlcal asymmetry (A%0) nas equal to 3% 1.7,
During background studlies, indlcators of otolith reflex ixntensity for
all cosmonauts, with the exception of commandexs of the space flight "Soyuz-22"
and the space station "Salyut~6 " were within the physiological norm established
for ‘this device. The otolith reflex, as a rule, was symmetrical, and if
any asymnetry was noted, its value dld not exceed the boundaries of the
physiological noxrm. In the commander of the "Salyut-6" station, the value
of otolith reflex asymmetry (background data) exceeded the physiologlcal
dispersion (on the right side by 2° and on the left side by 10° ). In
the commander of the "Soyuz-22" Fflight, the otolith reflex was clearly
reduced (1 - 2° ) but symmetrical. Evidently the reduction of the otolith
reflex in this case may be assoclated with a congenitsal high vestibular
stability of this cosmonaut. A simllar reduction in otolith reflex
in vestibularly stable individuals was noted by us earller during massive

vestlbulonebric studies.



An analysis of in-flight observations showed that certain cosmonauts
noted the developnent of 1llusory and vegetative reactions. However, the
procens of adeapting to conditions of welghtlicuness were individual. Thus,
all the cosmonauts (nith the exception of the commander of the "Soyuz-22"
flight) veported thal upon entering welghtlessness, they immediately gov
the feeling of thelr body being turned upside down (inversion illusion).

The duration of 1llusory reactlons varled from several ninutes to several
hours. Then in some cosmonauts as a background sither to illusory reactions
or to the developing feeling of blood rushing to the head, varying degrees
of expressed feeling of vestibular discomfort arose and were intensified
during movenment of the head and body. lipisodic occurrances of illusory
reactions and the phenomenon of vestibular discomfort did not cease for

the duration of the entire period of adaptation to conditions of weight-
lessness. The intensity and duration of these reactions was varied.

The cosmonauts of ‘the space ship "Soyuz-22" and the commander of the
"Soyuz~2 8" endured their 7-day flight well, without any vegetative reactions
whatsoever. However, these cosmonauts noted the appeaxance of a feeling of
blood rushing to the head after 30 - 40 min of weightlessness. The feeling
of blood rushing to the head was accompanied by a development in puffiness
of the face, smoothing of wrinkles, and insignificant nasal congestion
during breathing.

Fost-flight examinations of members of flight crews taking part in
long~term flights were conducted on the 2, 4-5, 8, 12-14, and 32nd days;
for crews of short-term flights -- on the 1, 3-lt, and 12th days. In the first
days after long~term £light, a sharp degree of expression in otolith stimulation

was noted in the cosmonauts -~ bilateral hyperreflexia (see figure).



The intensity of otollth reflex in members of the "sSalyut-5" station
flight orew grew by 2% - 3 times as compared with the background dats,

In members of the "Salyut-6" flight crew, increased intensity of the éﬁolitb‘
reflex was less pronounced as compared with that in the previous flight
and corresponded to the upper limit of the norm.

Along with an increase in otolith reflex in the first days after the
flight, all cosmonauts taking part in lengthy flights showed a noted
appearance of asymmetry due to hyperreflexia nhen placed on thelr wight side. [gg
The intensity nf the reflex with placement on the right and left sides
varied from 8 to 13° (AD> & by B - 13°€ J+ During this period the cosmo-
nauts experienced statokinetic disruptions in the form in instability in
Homberg's station and swaying to the right during walking, On the 4th and
5th days after the flight, the asymmebry in otclith Lfunctlon wenalned.
However, there was an apparent tendency toward reduction in the intensity
of this reflex. Subjective complaints on the disruption of statokinetics
remained. By ‘the 12-14th days after the flight, the value of the otolith
reflex in flight crew members who flew for 30 days practically xeached the
background data, and statokinetlc disruptions were not noted in this period.
In cosmonauts who were in flight for 96 days, asymmetry of the otolith
reflex remained for the first month after the flight, and in the flight
engineexr there was even noted an increase in it during examination on the
32~nd, day; For a month, these cosmonauts also exhjbited disruptions in
statokinetics.

In studying the otolith functions of cosmonawts after short~-term flights,
there was not the unidirectionslity of reactions which was exhibited after
long~term £lights. Thus, in the commander of the "Soyuz-22" ship and the
flight engineer of the "Soyuz-28"ship, the intensity of the otolith reflex



for the duration of the entlre period of exanination aftor the £light
corresponded to the backixound data, In the flipht enginecr of the "Joyuz~22",
an insignificant reduction in otolith reflex was reglobered affter the £iight,
as well as vetention of physiological asymmebry, which was also noted

before the flight. The comnander of the “"Soyuz-28" showed an inecresse in
otolith reflex and asymnetry due to hyperveflexia in a positlon on the left
side, utatoklnetic dloruptlons oafter short-tern £lishts wore noted only

in nenbors of the "Soyuz-28" crew. These dlsruptions practieally disappeared

by the end of the Lfirgt week after thelr return.
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ore flight after flight

The dynanilcs of otolith reflex before and after flicht.

sy absclss axis -~ tine before and axter flight in days; Ly ordinate axis --
antirotation angle of eyes in degrees. |

Dtolith reflex indlcators: 1- comnander of "Salyut-5" station; 2 - flight

engineer of "Salyut-5" station; 3 - comnander of "Salyut-G" station; 4 - flight
engineer of "Salyut-6" station. Dark figures correspond to indicators when positioned

on the right side, light figures -- on the left side.



Thus, tho study of the otolith functlon hefore and after space flight
allowed clarification of the individual character of chunges in ‘the otollth
veflex in orew nenbers developed under the influence of flight factors;
the increase in intensity of otolith reflex and the presence of asymmetxry
in indlcators of the studied function after long-tern £light; large changes
in ternms of expression and duration in indleators of otolith funqﬁion after
long~tern f£light as compared with shori-temn fligh%jttﬁe\poséiblo intor~-
dependence between statokinetic disruptions with asymnetry of the otolith
function and increase in the otolith reflex, since thic sane tendoncy

wae observed in the developnent of reactlons of the indicated systens,
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