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ABSTRACT 

 
The present study aimed to explore the impact of vestibular stimulation on olfactory sensitivity and 

PLD ratio. A total of 32 apparently healthy male (n=16) and female (n=16) students were recruited from 
various courses conducted our institute after obtaining written informed consent. Vestibular stimulation was 
administered by making the participants to swing on a swing in back to front direction (according to comfort), 
as standardized by previous methods. Olfactory sensitivity was measured by using the olfactometer. PLD ratio 
is measured by two-box method. Significant decrease in the olfactory sensitivity was observed followed by 
intervention. PLD ratio was not altered followed by vestibular stimulation. Our study highlights the need of 
future studies in this area for better understanding of vestibular influences on olfaction and pupillary 
responses. 
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INTRODUCTION 
 

Olfaction is the function whereby odours are perceived. Olfactory sensitivity is the response of the 
olfactory system to a particular chemical substance [1]. The pupil, an aperture located in the center of the iris 
of the eye regulates the entry of light into the retina. The limbus, which constitutes the border between the 
white opaque sclera and transparent cornea [2]. Pupil diameter changes increases during sympathetic 
stimulation [3]. Vestibular apparatus is known as membranous labyrinth and is enclosed in bony labyrinth of 
temporal bone. Vestibular apparatus consists of otolith organs and semicircular canals [4]. Anatomical 
connections exist between vestibular and autonomic nuclei. Vestibular stimulation play a role in perception 
and informative action of the sense organs, however, the change depends on the intensity of stimulation [5, 
6]. Literature on vestibular influences on olfaction and PLD ratio is sparse. Hence, the present study aimed to 
explore the impact of vestibular stimulation on olfactory sensitivity and PLD ratio. 
 

MATERIALS AND METHODS 
 
Research design 
 

The present experimental study was conducted at Department of physiology, Little Flower Institute of 
Medical Science And Research, Angamaly from October 2016 to January 2017.  After recording the baseline 
values, vestibular stimulation was administered for 12 weeks. After 12 weeks, post intervention values are 
recorded. 
 
Participants 
 

A total of 32 apparently healthy male (n=16) and female (n=16) students were recruited from various 
courses conducted our institute after obtaining written informed consent. A detailed medical history was 
obtained from all participants to exclude individuals involved in drug/alcohol abuse, and those taking any kind 
of medication or suffering from any somatic or mental disorders. Students with a history of use of 
corticosteroids in the past year, students with a history of antidepressant medication, and students on 
hormone supplements including oral contraceptives and ear/vestibular diseases and olfactory disorders were 
excluded from the study. Unwilling students were excluded from the study. After recruiting, the participants 
were grouped into four groups randomly by random numbers generated by computer. 
 

Vestibular Males (MV) (n=8): Vestibular stimulation was administered for 12 weeks. 
Vestibular Females (FV) (n=8): Vestibular stimulation was administered for 12 weeks. 
Control Males (MC) (n=8): vestibular stimulation was not administered. 
Control females (FC) (n=8): vestibular stimulation was not administered. 

 
Vestibular stimulation 
 

Vestibular stimulation was administered by making the participants to swing on a swing in back to 
front direction (according to comfort), as standardized by previous methods [7]. 
 
Olfactory sensitivity  
 

Olfactory sensitivity was measured by using the olfactometer, as standardized by previous studies [8].  
 
Assessment of PLD ratio 
 

PLD ratio is measured by two-box method as described in the literature [3]. 
 
Statistical analysis  
 

Data was analyzed by SPSS 20.0. One-way analysis of variance followed by Bonferroni's Multiple 
Comparison Test was used to analyze demographic data. Two-way ANOVA followed by Bonferroni posttests 
was used to analyze outcome variables. P value less than 0.05 was considered as significant. 
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Ethical consideration 
 

The present study was approved by the institution ethical committee of Little flower Hospital And 
Research Centre, Angamaly, No; EC27/1/16. 
 

RESULTS 
 

Figure 1 presents demographic data of the participants. Significant decrease in the olfactory 
sensitivity was observed followed by vestibular stimulation (P<0.05). Decrease in the olfactory sensitivity was 
highly significant in females (P<0.001). In males, though there is decrease, it is not statistically significant 
(figure 2). PLD ratio was not significantly altered followed by vestibular stimulation (figure 3,4). 
 

Figure 1: Demographic data of the participants (data was presented as mean ± SD) (*P<0.05 is significant, 
**P<0.01 is significant,***P<0.001 is significant) 

 

 
 

Figure 2: Olfactory sensitivity of the participants before and after vestibular stimulation (data was presented 
as mean ± SD) (*P<0.05 is significant, **P<0.01 is significant,***P<0.001 is significant) 
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Figure 3: PLD ratio (left eye)  of the participants before and after vestibular stimulation (data was presented 
as mean ± SD) (*P<0.05 is significant, **P<0.01 is significant,***P<0.001 is significant) 

 

 
 

Figure 4: PLD ratio (right eye)  of the participants before and after vestibular stimulation (data was 
presented as mean ± SD) (*P<0.05 is significant, **P<0.01 is significant,***P<0.001 is significant) 

 

 
 

DISCUSSION 
 

The current study aimed to explore the impact of vestibular stimulation on olfactory sensitivity and 
PLD ratio. We have observed significant decrease in olfactory sensitivity followed by intervention in females. It 
was reported that the brain areas activated due to olfactory stimuli can influence vestibular function [9]. 
Followed by vestibular stimulation, there was a dilatation occurred during the fast phase and constriction 
during the slow phase was reported by earlier studies. [10] Vestibular stimulation modulates pupil size through 
its connections with pretectal area and the Edinger-Westphal nucleus, the sites from where sympathetic and 
parasympathetic fibers takes their origin [11]. These experiments testified existence of vestibulo-pupillary 
reflex [11].  It was proposed that assessment of auditory pupillary response is useful for evaluating vestibule-
autonomic responses [12]. In the present study no significant difference was observed in PLD ratio followed by 
intervention. 
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Limitation: The major limitation of our study was less sample size. 
 

CONCLUSION 
 

Significant decrease in the olfactory sensitivity was observed followed by intervention. PLD ratio was 
not altered followed by vestibular stimulation. Our study highlights the need of future studies in this area for 
better understanding of vestibular influences on olfaction and pupillary responses. 
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