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INTRODUCTION

The Indian Armed Forces operate helicopter missions from the helipads located at very high 
altitudes. Such missions can expose the aircrew to hazardous effects of hypoxia, since these 
aircraft are not pressurized. Hypoxia for long has been recognized as a significant physiological 
threat in High Altitude Area (HAA) operations.[1] It has been documented that hypoxia is a silent 
operator in HAA operations which may lead to errors of judgment. These errors of judgment are 
difficult to establish as there are no aftereffects or signs that persist after cessation of exposure to 
hypoxia.[2] Unlike helicopters, aircrew in fighter aircraft is shielded to a certain extent from the 
effects of hypoxia by the inbuilt system of cabin pressurization and oxygen systems in fighters. 
A  study conducted in the Indian Army Aviation on helicopters flying over HAA revealed 
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29  accidents. Out of this, 24% of all and 30% of human 
factors accidents were attributed to hypoxia as a contributory 
factor.[3] Ghosh emphasized that hypoxia was a worrying bane 
and stressed on the importance of preventing hypoxia and 
addressing the issue head-on and improve flight safety.[4] The 
human brain is very sensitive to hypoxia, and impairment 
of vision and neurocognitive responses are known to occur. 
It has been documented that cognitive functions such as 
working memory and decision making may be affected as 
low as 3000 m (9,843 ft) above sea level.[5] The operation of 
the aircraft in HAA becomes even more complex as the pilot 
can neither fly fully on visuals or fully on instruments and are 
thus more prone to Spatial Disorientation (SD).[6] A number 
of accidents in the past four decades in rotary wing flying in 
HAA have been attributed to SD or hypoxia or both.[3,4,7,8]

Although the two issues, hypoxia and SD, have been studied 
independently; there is very little, if any, literature available 
regarding the interplay or synergism between both the 
notorious factors in military aviation. An analysis of the 
causation of SD reveals that higher mental functions and 
central processing play a major role in the occurrence of 
the phenomenon. At the same time, mental performance is 
affected significantly by hypoxia. This implies that hypoxia 
may possibly affect visual and vestibular functions, the inputs 
from which are considered essential for orientation and 
disorientation in-flight. With this background, the present 
study was undertaken to examine the influence of hypoxia 
on propensity to develop SD. Autokinesis Time (AT) and 
Vestibular Adaptation Time (VAT) were taken as surrogate 
marker for SD.

MATERIAL AND METHODS

Subjects

Thirty-two healthy volunteers, matched with age and BMI, 
were included for the study. The mean age and BMI of the 
participants were 32.3  years and 25.16  kg/m2 respectively. 
History of any neuro-vestibular or ocular diseases, motion 
sickness, sleep disorders, and intake of medications were 
considered as exclusion criteria.

Materials

The study was conducted in the Department of Acceleration 
Physiology and Spatial Orientation (AP and SO) at the 
Institute of Aerospace Medicine (IAM) Indian Air Force. 
A  system with ability to deliver mixture of nitrox gas was 
used to simulate Normobaric Hypoxia (NH) condition. The 
oxygen saturation corresponding to the desired simulated 
altitude was assessed using pulse oximetry. The symptoms 
of hypoxia experienced by the subjects were assessed by a 
questionnaire.[9] AirFox Diso® simulator was used to measure 
AT and VAT.

Experimental design

In a double-blind randomized designed, 32 subjects 
were divided into two groups with 16 subjects in each; 
Group  A-hypoxic group and Group  B-normoxic group. 
Group  A was exposed to NH by means of providing a 
mixture of nitrox gas simulating an equivalent altitude of 
22,000 ft (FiO2 9.1% – corrected for local altitude of 3000 ft); 
whereas, Group B was exposed to normal air.

Experimental protocol

Ethical clearance was obtained from the Institute Ethics 
Committee. The subjects were familiarized with the 
experiment to alleviate their apprehension, if any. An 
informed written consent was obtained from each 
participant. The subjects were advised not to consume tea/
coffee and smoke 2  h and not to consume alcohol 12  h 
before the study. A  trial exposure in the AirFox Diso® was 
given 3  days before the actual study to familiarize them 
with the phenomenon of autokinesis and rotation in yaw 
axis for recording of AT and VAT, respectively. To double-
blind the study, all the subjects were given the breathing 
mixture of gases. Randomization was carried out to assign 
the subject to Group A or Group B, testing for AT or VAT 
first and to ascertain whether clockwise or counterclockwise 
turns were to be provided first. The subjects were monitored 
on the Instructor Station by the researchers by means of a 
closed-circuit television and two-way communication. The 
following procedures were followed for recording of the 
outcome parameters:-

AT

To record AT, a white dot was provided on the screen with 
total dark conditions inside the simulator. The subject was 
advised to close his/her eyes, and to open on the command 
of the researcher. The stopwatch was started when the subject 
opened eyes and stopped the moment the subject reported 
any movement of the white dot (autokinesis).

VAT

Complete darkness was maintained inside the simulator. 
To record VAT for accelerations, the stopwatch was started 
immediately on clicking the start button for the turns in 
yaw axis of the simulator at 10  rpm. The subjects would 
perceive the turn and call out “Yes” the moment they stopped 
perceiving the turn. The stopwatch was stopped at this 
point of time and noted as VAT for acceleration (The rate of 
acceleration was 5 ms-2). For VAT during decelerations, the 
stopwatch was started the moment the turns of the simulator 
in the yaw axis was stopped. The subject now perceived 
the turn in the opposite direction and would call out “Yes” 
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the moment they stopped perceiving it. The stopwatch 
was stopped at this point of time and noted as VAT for 
deceleration (The rate of deceleration was 5 ms-2). VAT scores 
were noted on four occasions. VAT during acceleration in 
clockwise and counterclockwise turns was noted as VAT1 
and VAT3, respectively, and VAT during deceleration in 
clockwise and counterclockwise turns wa noted as VAT2 and 
VAT4, respectively.

Statistical analysis

Data were entered on MS Excel and were analyzed with IBM 
SPSS Version 26. Descriptive statistical analysis was carried 
out. Data were checked for normality using Shapiro-Wilk 
“W” Statistic. Comparison between the two groups was 
done using Independent t-test for autokinesis. Two-way 
ANOVA was used to analyze the data of VAT. Significance 
was assessed at p < 0.05.

RESULTS

The hypoxia symptoms reported by the subjects in the 
hypoxic group is depicted in Table  1. No symptoms were 
reported by the subjects in the normoxic group. The mean AT 
recorded in the hypoxic group was 12.92 ± 7.36 s; whereas, 
that in normoxic group  was 22.25  ±  15.29 s. Independent 
t-test revealed that such a reduction in mean AT in hypoxic 
group was statistically significant (t = −2.2, P = 0.039) with 
an effect size of 0.71 (Cohen’s D). The same is depicted in 
Figures 1 and 2.

The mean scores of VAT recorded in four different 
conditions; acceleration and deceleration in clockwise 
and counterclockwise turns, referred to as VAT1, VAT2, 
VAT3, and VAT4, respectively, for both the groups are 
presented in Figure  3, and effect size in Figure  4. There 
was no significant difference in the VAT in clockwise 
and counter-clockwise yaw rotation (F  =  0.207, 

P  =  0.892). However, the mean VAT showed a 
significant reduction in hypoxic vi-a-vis normoxic 
condition (F = 5.989, P = 0.016).

DISCUSSION

This experiment was conducted to assess the effect of 
acute NH on its propensity for SD. Time for AT and VAT 
during acceleration and deceleration in both clockwise 
and counterclockwise turns was used as surrogate for SD. 
A  double-blind randomized control study was designed 
and a total of 32 age-matched and BMI-matched subjects 
(16 each in hypoxic and normoxic groups) participated. 
The hypoxic group was exposed to NH by means of 
providing a mixture of nitrox gas simulating an equivalent 
altitude of 22,000 ft (FiO2 9.1%); whereas normoxic group 
was exposed to normal air.

In our study, we chose to simulate NH simulating an 
altitude of 22,000 ft as the testing condition. This was 
because, helicopter flying in high altitude operation 
does not exceed beyond this altitude. Further, simulating 
normobaric conditions, we did not intend to expose 
our subjects to serious ill effects of hypobaria, namely, 
decompression sickness. The advantages of normobaric 
over hypobaric hypoxia have been well documented 
in literature. Study by Kumar et al. at this institute 
has concluded the usability of NH simulation even in 
hypoxia indoctrination of aircrew.[9,10] The symptoms of 
hypoxia could be reproducible in normobaric conditions 
similar to hypobaric hypoxia. The results of our study 
also brought out almost all symptoms of hypoxia in 
varying manifestations [Table  1]. We did not include 
SpO2 as an absolute measure of hypoxia as the reliability 
of pulse oxymeter with the oxygen saturation below 
the critical value was questionable and hence, might 
not reflect the true physiological compromise due to 
hypoxia.[11]

Table 1: Hypoxia symptoms reported in the hypoxia group (n=16).

Sl No. Symptoms Percentage Sl No. Symptoms Percentage

1. Lightheaded 75 13. Euphoric 12.5
2. Thinking Slow 18.75 14. Physically Tired 31.25
3. Dizzy 68.7 15. Nervous 6.25
4. Faint 37.5 16. Sleepy 62.5
5. Warm 68.7% 17 Restless 25
6. Numbness 31.25 18. Headache 37.5
7. Tingling 25 19. Irritable 12.5
8. Hands Shaking 18.75 20. Concentration Off Not Applicable as 

Subjects were not 
performing any task 

during the study

9 Palpitations 43.75 21. Coordination Off
10. Vision Dim 6.25 22. Making Mistakes
11. Short of Breath 75 23. Mentally Tired
12. Weak 0 24. Reaction Slow
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Although the participants in our study were non-aircrew, 
the mean AT in normoxic conditions was similar to that 
reported by Sannigrahi et al. among aircrew subjects.[12] 
This indicates that individuals, whether aircrew or non-
aircrew, are equally susceptible to onset of autokinesis. 

Even though the exact mechanism of autokinesis is not 
understood, it is suggested that autokinesis may occur 
due to involuntary drifting of the eyes due to inadequate 
and inappropriate vestibular stabilization, as well as that 
checking the drift necessitates unrecognized oculomotor 
efferent activity which has sensory correlates that create 
the illusion.[13-15] The results of our study clearly indicated 
a significant reduction in mean AT in hypoxic conditions 
compared to normoxia. This implies that hypoxia tends 
to make individuals more prone to the autokinetic 
illusion by reducing the time for onset of autokinesis. In 
an operational setting, if the aircrew are flying at higher 
altitudes without supplementary oxygen, they need to be 
instructed to shift the gaze much more frequently and 
avoid prolonged fixation on the target source of light and 
should monitor the flight instruments to help resolve the 
conflict in perception.

Majority of studies on VAT or vestibular adaptation have 
been investigated in clockwise rotation only.[16,17] During 
the course of training given to flying cadets, aircrew and 
non-aircrew in the Disorientation Simulator at IAM IAF, 
there has been an anecdotal experience that the “coriolis 
effects” experienced during counter-clockwise turns were 
not the same as clockwise turns. Hence, in this study, VAT 
was noted in both clockwise and counterclockwise turns. 
However, no significant difference was observed in the 
VAT in clockwise and counter-clockwise yaw rotation, 
contrary to our belief.

Similar to AT, we observed a significant reduction in the mean 
VAT scores in hypoxic condition compared to normoxic 
condition. Although the effect size of various corresponding 
mean VAT scores between hypoxic and normoxic groups 
were small to medium, there was a reduction in the mean 
VAT scores in the hypoxic group [Figure 4]. Another finding 
in the study which was considered important, though not 
statistically significant, was a higher value of VAT scores 
during deceleration compared to that during acceleration 
in hypoxic condition [Figure  4]. The changes in the VAT 
could be attributed to the effects of hypoxia on ability of the 
vestibular system to adapt to the motion environment. The 
reduction in mean VAT scores in the hypoxic conditions 
and the apparent increase in VAT scores during deceleration 
may mean that hypoxia does have an effect on the vestibular 
system. This also means that the reduction in AT in the 
hypoxic group may also possibly be due to the involvement 
of the vestibular system. Since hypoxia is known to affect 
the neurological system, the reduction in AT could also have 
been due to the involvement of the oculomotor system as 
has been suggested earlier in the mechanism of autokinesis. 
We could not comment on the exact mechanism within the 
scope of the present study.

Figure 2: Effect size for mean autokinesis time.

Figure 1: Mean autokinesis time (s) hypoxia versus normoxia.

Figure  3: Mean scores of vestibular adaptation time (s) between 
hypoxic group and normoxic group.
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CONCLUSION

A significant reduction in AT indicates that hypoxia may 
increase the onset of autokinesis early. The changes in VAT 
in hypoxic conditions bring out a possible effect of hypoxia 
on the adaptability of the vestibular system in the angular 
motion environment.
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