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ABSTRACT

Introduction: The rate at which a successive light stimulus 
appears to be steady and continuous is called as the critical 
flickering fusion frequency (CFFF). It is expressed in Hz 
and is referred to as the threshold frequency. It provides 
the information about CNS activity and arousal as well as 
measures the discrete sensory events happening in the central 
nervous system. To perceive the flickering light eye and brain 
have to work simultaneously and have to act together. The 
CFFFR was measured using critical flicker fusion apparatus. 
The study aimed to measure critical flicker fusion frequency 
and to measure the effect of age, gender, sleep and display 
screens on critical flicker fusion frequency
Material and methods: The study was done in the department 
of Physiology, Maharishi Markandeshwar Medical College 
and hospital, Solan, HP after taking institutional ethical 
committee clearance. A total of 1000 apparently healthy 
subjects were recruited from the institute which included the 
students, faculty, non teaching staff and nursing staff. Critical 
flicker fusion frequency was measured using Flicker Fusion 
apparatus (FF-705): Medicaid Ambala.The critical flicker 
fusion frequency threshold was noted after explaining the 
procedure in their native language and obtaining consent. The 
data collected was analyzed stastically.
Results: We found a significant difference in the values of 
CFFFR between the younger age group and among the older 
age group. CFFFR and age are indirectly proportional to 
each other with increase in age there is decrease in the value 
of CFFFR. The value of CFFFR was found to be higher in 
individuals with a normal sleep pattern and duration compared 
to those having less sleeping hours Inadequate sleep also has 
been shown to decrease the motor functioning, decreased 
learning ability, poor productivity and shortened memory. 
CFFFR was higher in individuals playing games compared to 
those who were using display screens normally, in addition to 
it those individuals who were playing instructive games had a 
higher CFFRT than those playing quest games.
Conclusion: In this study we measured the critical flicker 
fusion and the factors that have a role in increasing or 
decreasing the CFFFR threshold. A simple and non invasive 
procedure helps in finding the harmful effects of various 
factors like age gender sleep disturbances or over usage of 
display screens on retina and central nervous system.
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INTRODUCTION
The rate at which a successive light stimulus appears to 
be steady and continuous is called as the critical flickering 
fusion frequency (CFFF). It is expressed in Hz and is 

referred to as the threshold frequency. It provides the 
information about CNS activity and arousal as well as 
measures the discrete sensory events happening in the 
central nervous system.1 To perceive the flickering light 
eye and brain have to work simultaneously and have to 
act together. For the visual processing and functioning the 
activities in retina and brain are synchronized. The visual 
system perceives flickering light as continuous steady light 
if the flickering frequency is high enough. Since CFF is 
a relatively non invasive, quick and easy to perform it 
is widely used to study physiology of vision and human 
behavior. There are many factors that influence CFFF 
which includes work with visual display screens, shifts in 
work, sleep deprivation, intake of stimulants like caffeine, 
alcohol and various medications. Other factors which have 
effect are age, intelligence and gender. Though there might 
be many factors influencing in our study we focused on 
age, gender, usage of display screens and sleep deprivation. 
In today’s world more time is spent on computer/mobile 
screens causing sight and visual fatigue.2,3 The underlying 
possible physiological basis for the "fusion" of a flickering 
stimulus, involving the peripheral visual pathway are 
as follows, viz (i) the frequency at which the optic tract 
discharges may limit the ability to perceive high frequency 
light stimuli and (ii) ganglion cells of the "on-off" variety, 
which discharge when illumination comes on and goes off 
produce a response which is indistinguishable from their 
discharge under steady illumination, at a frequency of about 
35 flashes per second.4 In contrast to these explanations 
based on properties of the peripheral visual system being 
responsible for the phenomenon of flicker fusion, electrical 
recording at various levels of the visual pathway in both 
animal and human subjects have shown that the eye itself 
may respond at higher frequencies than the value of the 
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CFF obtained by behavioral or psychophysical techniques, 
and is hence not the limiting factor in determining the 
CFF. This led to the conclusion that temporal resolution of 
the flickering stimulus is often limited by the brain rather 
than the eye.5 CFF has been used as a diagnostic tool in 
various nervous system disorders like Alzheimer’s disease, 
multiple sclerosis and schizophrenia. It has also been used 
to assess the postoperative outcome in various ophthalmic 
surgeries and also to diagnose and staging minimal hepatic 
encephalopathy. In medical profession the faculty teaching 
and non teaching along with the students face challenges 
with the work related stress and also disturbances in the 
sleep. The usage of display screens has further exaggerated 
the effects caused on the retina and central nervous 
system.6 Our study was aimed to find the effects using an 
easy and non invasive method i.e. critical flicker fusion  
frequency.

MATERIAL AND METHODS
The study was done in the department of Physiology, Maharishi 
Markandeshwar Medical College and hospital, Solan, HP 
after taking institutional ethical committee clearance. A total 
of 1000 apparently healthy subjects were recruited from the 
institute which included the students, faculty, non teaching 
staff and nursing staff. The procedure was explained in their 
native language and consent was taken. The subject with past 
or present history of retinal or neurological disease or brain 
injury were excluded from the study. The demonstration was 
done in a dark room in groups of 10 individuals each at a fixed 
time daily. A random individual from each group was chosen 
as the subject for the demonstration. Critical flicker fusion 
frequency was measured using Flicker Fusion apparatus 
(FF-705): Medicaid Ambala. The apparatus was placed at a 
distance of 1 m after placing the chin at the stand; its height 

was adjusted such that it was at the same level of that of the 
subject’s eye. The subject was then dark adapted for 15 min. 
Other students were briefed about the demonstration setup 
by a faculty during this time. Demonstration of concept of 
CFF was explained thoroughly. The knobs were adjusted 
to adjust the flickering frequency and the intensity to the 
lower most level on the apparatus. The subject was then 
asked to close the right eye with the palm and look at the 
LED with the left eye. The frequency was increased, and 
bell was rung by the subject when the light source appeared 
steady. The frequency displayed by the LED was noted 
down. The subject was now asked to open the right eye and 
look at the LED with the other eye closed. The intensity of 
the light source was increased, and an alarm bell was rung 
by the subject when the flickering of light reappeared. The 
result displayed on LED was noted. The individuals were 
provided with as many rest periods as required by them in 
between the testing. The data was collected and analyzed  
statistically.

RESULTS 
Table 1 shows the CFFFR values in different age groups. 
The CFFFR threshold values showed a inverse relation with 
the age. Table 2 shows the comparison of CFFFR threshold 
values among males and females wherein though difference 
was not much but still males had a slightly higher threshold 
of CFFFR compared to females. Table 3 shows comparison 
of individuals with a normal sleep pattern and individual with 
disturbed sleep. The result was significant and the CFFFR 
threshold was found to be higher in people with a normal 
sleep. Table 4 shows the comparison of individuals using 
display screens for normal usage and for playing games. The 
result was significantly higher in individuals who were using 
display screens to play instructive type of games.

Age in Years CFFFR threshold values in Hz
18 - 21 years 49.95
22 - 26 years 47.77
27 - 31 years 44.23
32 - 35 years 42.78
36 - 39 years 39.63
40 - 43 years 37.64
44 - 45 years 35.42

Table-1: CFFFR threshold values in different age groups

Parameter Males Females P value
CFFFR threshold values in Hz 40.8 38.4 0.165732

Table-2: Comparison of CFFFR threshold values in Males and Females

Parameter Normal sleep hours Disturbed sleep hours P value
CFFFR threshold values in Hz 29.43±3.42 25.82±3.22 0.001

Table-3: Critical fusion frequency among normal sleep and disturbed sleep group.

Parameter studied Instructive games Quest games General usage of display screen P value
CFFFR threshold values in Hz 50.39 ±0.1725 49.54±0.2436 37.29± 0.1892 0.0054

Table-4: Comparison of CFFFR threshold values in different types of games
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DISCUSSION 
Critical flicker fusion is a part is an important phenomenon 
which we face in our daily routine life in form of many 
lighting technologies and screen displays. The underlying 
phenomenon remains same i.e. they display several times in 
a second very brief flashes of light. It is related to the vision 
persistence of an individual. The CFF majorly depends upon 
the size and luminance of stimulus. Flicker fusion occurs at 
about a frequency of 60Hz. In our study we found that there 
was a statistically significant increase in the CFFFR in the 
individuals who were using display screens more frequently 
for playing games compared to those who used the screens 
for other uses than the games. This increase shows an 
increase in the visual sensitivity. Studies have shown that 
playing games decreases the reaction time, enhances the 
visual attention as well as acts as a motivation source. But in 
addition to it harmful effects are also reported which includes 
mental stress, addiction, mental and visual fatigue. Among 
the individuals who were using screens for playing games, 
CFFF was found to be higher in those who were playing 
instructive games rather than the quest types of games. This 
may be because more mental resources are recruited for the 
visual attention and also they require more visual sensitivity. 
These types of games require more concentration, visual 
attention and cognition skills. A higher value of CFFF 
results from the fast reactions and prolonged attention. 
The changes in CFFF results from the improvements in the 
sensitivity for the motion direction which causes plasticity 
in the visual areas these changes are retained for years and 
are thus long lasting. The magnocellular ganglion cells of 
the visual system correspond well with the heterochromatic 
flicker fusion thresholds of the humans and also shows 
phasic activity. These cells also causes activation of 
apparent specific movements which reacts to high temporal 
frequencies. In subjects playing games perceptual learning is 
the key mechanism for increasing the CFFF values and the 
underlying mechanism for perceptual learning is plasticity. 
This process is augmented by the neurotransmitters such 
as acetylcholine, catecholamine, norepinephrine and 
dopamine which are widely released during task specific  
manners.7,8

In our study we also tried to explore how age and gender 
effects. CFFFR. We found a significant difference in the 
values of CFFFR between the younger age group and 
among the older age group. CFFFR and age are indirectly 
proportional to each other with increase in age there is 
decrease in the value of CFFFR. This can be because of 
age related changes and degeneration of cerebrum and optic 
nerve. On the other hand though the difference in the values 
of CFFF among males and females was non-significant the 
value of CFFF was slightly higher in the males compared to 
females.9

The other parameter that has an effect on the CFFF is the 
duration of sleep. In our study we found that the value of 
CFFF decreases significantly with increased loss of sleep. 
The loss of sleep can be contributed to night shifts, long 

duration of studies, peer pressure, extra usage of smart 
phones or display screens which all resulted in delay of 
onset of sleep or disturbed sleep. Sleep deprivation further 
causes delay or compromised quality of working during 
the day hours hence effecting both the physical as well as 
psychological well being of an individual.10,11 Inadequate 
sleep has been shown to decrease the motor functioning, 
decreased learning ability, poor productivity and shortened 
memory. CFFF being an indicator of alertness and mental 
fatigue was used in our study to measure the cortical arousal 
or central nervous system activity. Sleep deprivation has 
an impact on consolidation and encoding of memories as 
well as affects cognitive functioning of an individual.12-14 
It can be concluded that the disturbance in sleep leads 
to a decrease in CFFF as it disturbs the functions like 
learning memory and concentration. Disturbed sleep 
causes delays in information processing and normal CNS  
activities.
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