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A prototype Gimbal Mounted Tumbling Device
has been evaluated for Jis suitability ss a vestibular
lisbituation device. Twelve healthy males betwasn
\20-40 years of age were subfecied to reguisr exercises
on the Gimbal Mounied Tumbling Device for 12 & 16

minutes per day scheaules, over five day period. The
gxarcise comprised of manual rotation through 457,
\90° and 360" in rofl, pitch and yaw plancs. The
abituation was studied by recording and comparing
ha past-rotatory nystagmus following stimulation of
horizantal  semi-circuwlar  canal in 1AM modified
Barany's rotation chair at 20 RPM, before end after
the stoppage of exercise [o assess the retention of
habituation. Maximum velocity of the slow phase
(VVSP) was used as parameter {or the ENG evalua-
tion, and a 20%, reduction of response in post-exercise
vecord was tsken as indicsiion of scguisition of
habitustion. Evidence of habituation was seen in 8 of
the subjects (66.6%.) and 2 of them retained at
beyond & days. The mzchanism of habitustion and the
nossibilities regarding the uses of the device are
discussed.

H

2’PATIAL disorientation is among the most impor-
tant problems challenging aviation medicine. Air
sickness Is another such nagging problem. It is well
known that both spatial discrientation and air
Bickness are often the result of over stimulation or
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in-appropriate stimulation of the vestibular system
giving rise to in-appropriate sensations. Controlling
the sensitivity of the vestibular system is therefore
a logical approach to reducing a pilot's suscepti-
bility 1o spatial disorientation and air sickness,
It has bean observed that whan a subject is exposed
to repeated rotary stimulation there is piogressive
reduction of the response by the wvestibular systam,
This response decline is called habitwation, It is a
complex phenomenon characlerised by, —

{a) ‘Acquisitlon, which is decline of response
on repeated stimulation,

{b) ‘Retention’, which is the retention of such
rasponse decline over a period of time, and

{ec) “Transter’, which implies habituation to one
direction of rotation producing equal or near
equal response dacline in apposite direction,

Vestibular habituation is one of the important
preventive measures advocated for controlling a
pilot's susceptibility to spatial disorientation and air
sickness.

A dsgree of vestibular habituation occurs naturally
in the course of fiying training when a trainee pilot
is repeatedly cxposed 1o acraft manoeuvres stimu-
lating the veslibular system®,?, Thus, an expatienced
pilot is habituated depending on his level of experi-

ence and 5 certainly less susceptible to spatial
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disorientation. Such habitvation has to be main-
tained by regular flying since dehabituation sets in
with lack of current flying practice. Maintaining
current tlying practice involves many practical
problems. A ground based facility for imparting
vestibular habituation sppropriate to the needs of
flying is therefore ideal. It will bo parlicularly useful
to trainee pilots and the serving pilots who are resi-
ming fiyirig afier a gap. The requirements of an ideal
habituation device are:-

{a) capacity to rotate in all the planes around
the subject, '

(b) rate of rotation should be casily and
accurately controllable by the subject and
should cover a wids range,

{c) opsration should he simple and under {full
control of the subjeoct.

(d) & few minutes of exercise in a day should
be adequate.

Vestibular trainining programmes using varlous
lypes of vestibular habituation techniques and
devices have come into use by the different  Air
Forces!™. Meostly gympastic type of dewvices  ars
being used for this purpose, The 13th Air Force
Research Advisory Panel recommended development
of a Gimbal Mounted Tumbling Device (GMT device)
for use as a westibular habitustion device by the
Flight Cadets and Piluts of 1AF. & prototype GMT
device has been made by ABEU, Bangalore. Wa
have carried out an asssessment of this device At
the Dept of Otolaryngology, 1AM Bangaloge, prior to
its intreduction in  IAF and our findings are
presented in thiz paper.

Aim
Aim of this study is to assess the capability of
the DMT device to effoct vestibular habituation.

Description of the Gimbal Mounted Tumbling
Device

The GMT device essentially consists of 3 st of
three metallic rings mounted an gimbals so that they
can freely rolate through a full cirele arcund an axis
passing through the respective sets of gimbals. The
outer mast ring is mounted on a fixed base and

&8

rotates around a vertical axis, The middla rirg

mounted on the outar and rotates around a late

horizontal axis. The inner ring is mounted on 1

middls one and rotates around an anteropastarig
axis. A seat is mounted at the cenirs of the ring
attached to the inner ring.

The operation of the device is fully manual an
simple. The subject is strapped in his seat. He o
the two handle bars above the lovel of his head
The feel rest on a horizontal foot rest in front
He can perform rolling, pitching and yawing mova:
mants by rotating tha inner middls and outer ringe
respectively. The rate, degras of rotation and G550
tion of manceuvres is all controlled by the sulyjer
himsalf. There is freadom of rotation through S&0
in each plana and in all the planes at a time. Flgures
1-6 show the device in ditferent attitudes.

Matarials and Method

Electronystagmagraphy (ENG) is the best avail-
able objective method for study of vestibular habi-
twation and the same was employad for the DI eSS
study, It is not practicable 1o carty  out  any
nystagmagraphy with a subject in GMT device. Hence
a matorised Barany's Ratation Chair with facility for
recording of nystagmus was unlised, Murty et g/
have established the suitability of this chall for
vestilular habituation studies by recording pOst-rola-
tory nyslagmes.

Twelve asymptomatic healthy males batween 25
to 40 years of age were tha subjects for stidy and
six such individuals acted as contrals, They were
members of 1AM staff and trainess and there were
Ao aircrew among them. A buef clinical histary
was laken from and careful clinical examination
carried out on all subjects and controls with 7 wview
to exclude those with any otological, vestibular
and systemic organic disarder,

A baseline record of post-rotatory nystagmic
response of each subject and control was carried out
after subjecting him to 10 rotations in 30 seconds
(20 RPM) followed by 'stop within one sacend,
A mecord of spontanéous nystagmus, if any, was
obtained in all individuals with eyes open  and
closed, before subjecting them to ratation. Calibration

AVIATION MEDICINE
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of eye ball mavements was carriad out before and
after each record. Only horizantal nystaqmus was
recorded with head bent 30° forward during rotation
and eyes closed the rotation was given initially in
cleckwise (CW) direction followad by counter clock-
wise direction (CCW) with an interval of 5 min
between the rotations. Al the subjects and contrals
were advised to avoid any drugs or alcohol for 24
hours prior to the ENG recording. The ENG response
was evaluated by calculating the maximum velocity
of slow phase of nystagmus (MVSP) for ten typical
beats evenly distributed over a 10 sec period of
maximum activity. The latency of nystagmus, if any,
was also noted.

Acquisition;—Ta sssess the acquisition of habi-
tuation with GMT device all members of the subject
group were given daily exercise on GMT device for
five consecutive days, followed by recording af ENG
responses in the same manner as the baseline record.
The first sevean subjects wore given exercise for 12
min daily as per the scheduls shown in Table |

Flg. 5—80° Pilch down

Table-1
12 Minutes Exercise Schedule
No of Duration
Movemeant repatitions
{per min) {rmin)
(a) 45" rolling 1o right and 12 2
laft alternately.
(b) 457 pitching up and 12 2
down alternately.
{c) 20° ralling to right and 8 2
left alternately,
(d) 807 pirching up and down B 2
alternately,
(e} Horizontal rotations & bl
{yawing) lo right and
lefr.

{f)} Combined movemants in all
planes including tumbling
through 380° in roll and

pitch planes. b
Total duration T2
Fig. 6—Saing through & fumble
a0 AVIATION MEDICINE
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Two of these subjects (Nos €& & 7) showed no
gvidence of habitvation on completion of the
five day exercise and were given further exercise
for five days in the following week after a gap

of two days. The last five subjects were given
exercise for 16 min per day according to @ modi-
find schedule (Table 11}

Table-1l

16 minutes Exercise Schedule

Mo of
Movement repetitions
{per min) {min)
{a) 45" rolling to right and 12 1
laft allernately.
(b} 45° pitching up and 12 1
down alternataly.
{c) 90° rolling 1o right and 8 4
left alternately.
{d) 90° pitching up and B8 4
down altarnately.
(¢} Tumbling through 360" 2 1
in roll plane,
(f) Tumbling through 360° 2 1
in pitch plane.
{g) Horizonal ratations B 2
{yawing) to right and
left.
(h) Combined movements in 2

all planes and directions.

Duration

Total duration 16

The control group was not required to do any
form of exercise and were allowed their normal
activities. After a gap of five days their ENG records

wara repeated,

DECEMBER 1982

Retention : To detarming the retention of habi-
tuation in the subject group, they were allowed a rast
period of five days on completion of exercise sche-
dule and their ENG responses were recorded under
same conditions as during basseline and post-exercise
records. Only seven subjects were available fur the
retention ENG study. In three of them recording was
made after 6 days and one after 8 days due to practi-
cal difficulties. These subjects carrled out their
normal activities during the gap period.

Results

The post-rotatory  ENG responses of all subjects
and controls obtained before exercise, after exercise
and sfter the rest period were compated for the
mean value of response to the CW and CCW rote-
tions, Reduction of MVSP in the post-exercise
records indicated moquisition of habitustion and a
persistence al the reduction after the period of rest,
indicated retention of habituation., Figure 7 shows a
typical response of habituation in subject No 12,
A variation of ENG response of a subject upto 20%
is generally regarded as within normal limits. A res-
ponse decline of 20%, or more has been regarded as
significant and indicative of habituation.

o At
Eb.-. s
R g B

s

Fig. 7—A lypical response af habfiuation in a sihject
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in the subject group who underwent 12 min
exercisa/day, 6 out of 7 subjects have shown res-
ponse decline ranging from -11.2% to -b3.83;

Table—V |
Post rotatory ENG responses of controls I

(Table 1)) and in 5 of them it is indicative of acqui- Subject Basa line  After Fivr_davs _f/,; nhﬂngqi
sition of habituation, being well over 207;. One No. MVSP °/8ec  MVSP “/Sec  In '55”““531_
subject showed a marginal .[2,9};} increase of 1 723 4.0 +5.3
response which is not significant, Table IV shows % 263 2.7 1206
the response of those given 16 min 2 day exercise, 9 20.1 30.0 1 49.0
The exercise schedule has attected a definite response 4 33.3 27.4 477
T‘]HE:!iHD ranging from-18.3% 1o 48.8% inall the B 5 40.9 45.3 =0
subjocts and was of significant level on 3 of them. 6 48 % 19.2 32.8
The responses of controls are shown in Mean { =) 0.4
Table V st baseline level and after an interval (NS)
of five days, Four of them have shown no sigmficant i
change in response, The femaining two, i.e.. subjecl Table—VI
Nos 2 and 3, have shown increased responss of ’ ' ALY :
20.5%, and 49 07 respectively. This could be due to Retentian of HenituRLion » mv.un e pe
apprehension and attempts at visual fixation during after stoppage of exarcises
baseline recording leading to suppressed response. Subject Rest period FNG o o,
Mo, in days response changs change
- MVSP dua 1o aflter rest
Table—Ill !
niSec axercise  rotainod
Post-rotatory ENG responses of seven subjects
exposed ta 12 minutes/day exercise schedula 1 G A0.6 384 —18.7
x: o
Subject Bascline Posl exercise Percentage change 2 £ ??'3 63.0 6.3
No.  MVSP MVSP in response 3 5 28.3 68  —Rad
{ Ilnser_} [\;'ELEC} 0 8 41.0 183 —7. 5
o = — 10 B 36.9 —14.3 +56.4
1 49.9 30.8 —38.4
2 39.4 18.5 —53.0 11 6 3.6 —30.6 3.8
3 17.3 17.8 2.3 12 6 34.68 31.4 —25.6
4 22.8 15.4 —32.3 - :
5 16.5 127 —11.2 besn ey 1ot
& 62.0 28 2 —53.8 (P=0.05)
7 28.7 19.2 —352
Mean {—) 31.6 Tahle—WI|
{P<= 0.05)

MVSP — Maximum velocity of slow phase.

Table—1V
Post-rotatory ENG responses of five subjacts

Summary of results indicating acquisition and
ratantion of habituation

All values rapresent percentage change over
basaling value of MVSP,

exposed to 16 minutesiday exercise schedule Chirale Subjects s .
Subject  Base line  Post sxarcise %, change (N==8) Acquisition _ Retention
Mo. MYSP “/Sec MVSP “/Sec  in response Mean change 8.4 —305 — 1D
g 27.6 20.0 —48.8 in response
e} 44.5 36.3 —18.3 —16.0 -58,2 —29.6
10 35.0 28.3 —10.3 Range to to o
11 35.0 24.3 —30.6
12 48.1 33.7 _314 1533 I o
) Ower 207,
Mean {—) 29.3 change 2 a 2
(P =Z0.01) in respanse increass decroase decreass
o2 AVIATION MEDICINE
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Retention of habituation was studied in 7 of the
subjects, of whom 6 have shown the persistance of
response decline which is also statistically signifi-
cant. In 2 of theze subjects over 207 response
decline was found persisting. Retention of habitua-
tion depends on the intensity and duration of
stimulus for habituation. It is already proved by
ammal and human experniments that wvestibular
habituation is retained normally for a few days or
weeks, Our results are consistent with these obssr-
vations.

Table VIl shows a summary of the results. The
subject group hes shown a change in response
ranging from | 7.8% to —B6B.2% with a mean of
—30.6% ., A total of B or two thirds of the subjects
have shown over 20% response decline which has
been regarded as indicative of acquisition of habitua-
tion. On the contrary the controls have tanded 10
show increased response, range —186.07, to -b3.3%,
with a8 mean of =9.4% In two of tham the
increase was over 20%. The trend for retention of
the response decline |5 also obvious,

Discussion

The resultz have shown adequate evidence of
habituation in thae subjact group. Maost of the studies
of vestibular habituation have reportad about 307
response decling!,? and our results are in closa
agreement. It is generally sccepted that maximum
habituation ig specific to the stimulus and is only
partially transferred to the direction or plane of
rotation other than that of the stimulus, Most
workars have studied vestibular habituation by
employing a rotation chair for effecting vestibular
habituation, which is assessed aftar giving a stimulus
identical to the stimulus used for habituation. In
the case of the GMT device the stimulus is neither
precisely controllable nor & direct recording of res-
ponse possible. The stimulation by GMT davice is
essantially a voluntary, oscillatory rotation in thres
axes with no post-rolatory phsss, [t is neither
practicable nor essential to maintain any specificity
of the stimulus, The sssessment of habituation has
been done indirectly by measuring the post-rotatory
nystagmus on a standard rotation chair. which
actually indicates the overall effect of the habitua-
tion on the sensitivity to rotational stimulation in

DECEMBER 1982

horizontal plane, Such methodology has been

employed by Collins® in his study of vestibular habi-
tuation in figure skalors.

The exercise scheduls lays greater stress on
rotation in roll and pitch planes, [ e, around the hori-
zontal axis whereas the evaluation of response was
done by rolation around vertical axis. Guedry! in his
study on normal human subjects has observed that
the subjactive phenomenon and nystagmus is mare
marked in hornzontal axis rotations as compared 1o
vartical axis. Thus the evidence of response decline
to vertical axie rotation in our subjects indicates that,
besides acquisition, a transfer of habituation is also
achieved,

Comparison of the effectiveness of the two
exercise schedules shows that the subjects, who had
12 min/day exercise had a mean response decling of
31.6 against 29.3% in subjects who had 16 min
daily exerciss, This suggests that the 16 min
scheduls did not offer any additional advantage.
This aspect, however, raquires lurther investigation
on a larger subject group.

As regards the parametsr employed for the
evaluation of the ENG response the MVSP was
found to be most consistent as noted by other
workers?,”,'".  The frequency of nystagmus was tried
cut as 8 parameter but the results were inconsistent

and hence discontinued,

The mechanism of vestibular habltuation is not
clear so far. Howard and Templetont have discussed
5 possible explanations which are examined below
in the context of the habituation by GMT device :-

{a) Role of peripheral factors—The reduction
of the =zensitivity of the peripheral sénse

organ by = central process via the elferent
nerve fibres to labyrinth has been suggested
but there is no direcl evidence supporting
lhe possibility,

() Mystagmus  dyschythmia—Some  workers

have abserved nystagmus dysrhythmia or
labyrinthine fibrillation response in post
habituation ENG records with reduction of
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duration of nystagmus. We have naot obsar-
ved any such dysrhythmia or any consistant
reduction of duration of nystagmus.

(c) Effect of arousal- It has been sugaested that
vestibular habituation could ha due to a
gencral loss of arousal aclivity in brainstem
nuclei consequent upen the declining
arousal value of the repeatad rotation, Lowe-
red arousal cannot be a factor in praducing
habituatien to rotation in GMT Device since
the arousal leval during rotation could not
have obviously influenced the response
decline ohssrved, using a different stimulus
hours after the habituation stimulus ceased,

(d) Effect of directional batance mechanism— It
has been supgested that the amount of
habituation in the direction of ratation
depends on the ratio of duration of rotation
to the rest interval, bhefore ratation in oppos-
ing dirsctions starts, Qur subjects mainly
carried out oscillatory movement in both
directions of rotation with virtually no rest
interval before the commencement of rota-
tion in opposing direction. Hence the
ditectional balance mechanism does not
appear 1o ba applicabla,

{e) Habitwation and learning—The most comm-
only accepted view is that vestibular habi-
tuation s akin 1o learning, under the
intluence of central adaptive proccsses In
the presence of 1he conflicting vestibular
sensory input during bost-rotatory nystag-
mus  |learning probably  leads 1o greater
weighting of visual imformation or if the
eves are closed, of the propricceplive infor-
mation  with consequent  rteduction of
nystagmus  and associated symptoms.
Learning remains the most likely mechanism
of vestibular habituation with GMT Devices,

The GMT Device offers an added benefit 1o the
student pilots by giving them the fesl of different
unusual attitudes of the body experienced in flying,
The subject can repeatedly experience the bankad,
inverted, turning, rolling and diving attitudes with
torresponding bodily sensations. Prior experienca

94

and some habituation to these attitudes can be wve
heipful to the student pilot in overcoming t
anxiety and discomfort associaled with such attl i
of body, during the garly flying training,

The utility of a vastibular habituation devine o
be ascertained only if it is reqularly and routinely use
by a large pilot population. Thus the devica shoul
not meraly impart habituation but be nacessaril
acceptable to the pilots. In this respect the GMT
has the following advantages -

{a) The simple design ensures ils serviceabilit
all the timea,

(b} About 12 min of exercise ut any convenion
time of the day will be adequate,

{¢) It can provide a moderate amount of physi.
cal exercise as well as recreation and car
thus contribute to malntenance of aircrew
health,

{d) It can particularly be useful to studaen pilots
to familiarise with the feel of the seat and
harness system in different unusual attity-
des, hafore commencing flying training,

Conclusions

Cur preliminary assessment of habituation pro-
duced by GMT Device in the subject group following
6 days of short duration training has confirmed the
usefulness of the device. Further frials on aircraw
Population are needed tg work-out the most con-
venient exarcise schedyles required to maintain
sustained habituation lsvel.
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