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In a previous study we have shown that myopic subjects 
generally exhibit longer glare recovery time as compared 
to emmetropes (Kurtev and Given, 2004 27th ECVP 
Perception 33 Suppl. 128). We further the comparison by 
trying to objectively measure glare sensitivity. We 
recorded EMG from facial muscles (mostly orbicularis 
oculi) while presenting a glare inducing stimulus in a 
simple identification task following the procedure 
outlined by Murray et al (1998 Transport Research 
Laboratory Project Report N13740). Although the 
procedure as described was used for objectively 
measuring discomfort glare we consider that using low 
level of glare and analyzing the initial response makes it 
suitable for studying glare sensitivity as well.
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We used two different glare conditions in order to be able 
to assess the contribution of the startle response and the 
effect of glare level and pattern of presentation. The 
experiments were conducted at low photopic/high mesopic 
level of luminance. For the recordings and stimulus 
presentation we used Biopac system with EMG and 
SuperLab modules.

The results showed that myopes have different EMG 
response to glare as compared to emmetropes. The 
difference seems to affect more the overall pattern and 
frequency spectrum than the latency and magnitude of the 
response. The differences however were not as pronounced 
as with glare recovery time obtained under similar 
stimulation parameters. The data further suggest that the 
differences in visual performance in myopic and 
emmetropic subjects depend not only on physical but on 
physiological factors as well.

Introduction
Glare

Disability glare –impairs 
visual performance

Disability glare is measured by estimating visual 
thresholds to various stimuli with and without 

glare. Increased glare sensitivity results in poor 
visual performance.

Introduction
Glare

Discomfort glare is usually quantified by 
numerical estimates of the extent of subjective 
discomfort.  It can be measured objectively by 

facial EMG (Murray et al, 1998), especially monitoring 
the activity of m. orbicularis oculi.

Discomfort glare – causes 
blinking, squinting, ocular 

aversionand fatigue 
(therefore,  it also impairs 

visual performance)

Introduction
Facial EMG is also used to measure positive 
(zygomaticus major) and negative (corrugator

supercilii) affect (Bartholow et al, 2001) 

Since orbicularis oculi participates in frowning  
together with corrugator supercilii the possible 

negative affect accompanying disability glare will 
also be reflected in its activity.

Dazzling glare invokes startle response which is 
also reflected in the facial EMG.

Facial EMG elicited by a short  weakglare 
stimulus will assess glare sensitivity in both its 

disabling and discomfort components.
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Introduction

Glare is expected to affect differently myopes
and emmetropes since they differ, among other 
things in:

• contrast sensitivity 
function, 

• glare 
recovery time

Kurtev and Given, 2004

Aim of the present study
To compare the EMG  response in myopes and 

emmetropes to short glare inducing stumuli. 

Experimental subjects
Methods

18 subjects participated in the study 

9 emmetropes and 9 myopes (7 m, 11 f); average  
age was  ~ 24.38 years;

The average spherical equivalent for the myopic 
group was 2.61 D (range -0.5 D to -7.5 D);

All subjects had normal corrected visual acuity 
and wore their normal prescription.

All subjects were thoroughly informed about the 
experiment and have given their consent to 
participate. 

The subjects were not paid for their participation.

Methods

Screen 
luminance  
~ 2.5 cd/m2

Ambient 
room 

illumination 
~ 0.11 lx

Flash 
duration/ 

energy 
30 mmmms, 180 mJ

Experimental procedure
Methods

Adaptation

Start Beep Stimulus Response

Repeat

Flash

30 s 1250 ms 1000 ms 500 ms 2500 ms

orDark Bright 
(glare)

Flashes were 
presented as a train 

of 80 within 
approximately 1.6 s

Experimental procedure
Methods

EMG was recorded while the subjects were engaged in a 
simple recognition task - to press the respective key on 
the computer keyboard depending on the orientation of 

a Landolt's C presented on a dark or bright 
background, and preceded or not with a train of flashes. 

Dark background 
with fixation point

~ 25` of visual angle~ 43` of visual angle

High contrast stimuli
~ 65 % ~ 80 %
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EMG recording
EMG was recorded using Biopac MP100 
system (EMG100C) from orbicularis
oculi by standard 4 mm silver/silver 
chloride electrode. The active electrodes 
were positioned below the eye and at the 
eye corner as close to the eye as possible. 
The grounding electrode was positioned at the forehead.

Methods

Additional calculation 
channel was used for on-
line filtering (band pass 
175 – 200 Hz); however 
most of the evaluation 

and processing was 
made off-line.

Sample rate 1000p/s

Gain 2000

HP 100 Hz On

LP 500Hz

HP 10 Hz

Experimental procedure
Methods

The stimuli were presented only to the left eye 
while the right eye was covered; EMG was 

recorded continuously from the simulated eye.
There were four consecutive small blocks of 5 
trials each with a break of one minute between 

the second and the third block. 

Block one
Dark field 

stimulus with 
no flashes

Block two
Dark field 
stimulus 

with flashes

Block three
Bright field 

stimulus with 
no flashes

Block four
Bright field 

stimulus 
with flashes

1 
min

The first two blocks were used as training session and 
as a control. The procedure lasted about 30 minutes.

Methods
Data processing and evaluation

The recognition task was used to standardize 
the procedure maintaining attention and the 

level of vigilance; the responses were not 
further evaluated. 

Raw EMG was rectified and smoothed with 20 
point moving average. The response time and 
magnitude of the response were determined; 

frequency spectrum (FFT with Hamming 
window) of the first 128 ms of the response was 
also obtained; the general overall pattern of the 

response was further visually analyzed.

Results

Six of the 18 subjects 
were found to be 

“nonresponders” (3 
emmetropes and 3 

myopes). They either 
showed no response, 

or very weak and 
irregular response 
together with high 

spontaneous activity.

“Nonresponders”

The remaining 12 subjects all responded to the 
trials with flashes while 4 emmetropes and 3 

myopes responded to bright field stimuli as well.

Results
Response latency and magnitude - emmetropes

Averaged responses to bright 
field stimuli and to flashes*

Bright field Flashes
Latency 88.35 ms 61.3 ms

Magnitude 111.97 mmmmV 208.72 mmmmV

*Due to the average procedure the latency time are shorter than the actual ones

Results
Response latency and magnitude - myopes

Bright field Flashes
Latency 117.6 ms 80.6 ms

Magnitude 72.05 mmmmV 103.27 mmmmV

Averaged responses to bright 
field stimuli and to flashes*

*Due to the average procedure the latency time are shorter than the actual ones
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Results
Response pattern

Emmetropes

EMG response in myopes
tends to be longer

Myopes

Results

207.4209.17Fl

202.67207.5Bf
Mean frequency, Hz

45.31145.93Fl

26.3265.97Bf
Magnitude, mmmmV

80.661.3Fl

117.688.35Bf
Latency, ms

MyopesEmmetropes

Comparison

As compared to emmetropes, 
facial EMG response of 
myopes to glare tends to 

exhibit  longer response time, 
lower amplitude and higher 

frequency

Discussion
Contrary to our initial expectation glare sensitivity 
in myopes tends to be less pronounced in myopes
than in emmetropes when assessed by facial EMG.

The overall pattern of the response, although less 
pronounced, seems to be more long lasting. 
Therefore, myopes are less sensitive and at the 
same time more vulnerable to glare. This notion 
coincides well with the current understanding of 
glare discomfort as a dysbalancebetween different 
extraocular muscles resulting in subjective pain 
and the other signs of discomfort.

Discussion Sheedy et al, 2003

We hypothesize that the 
different components of 
EMG glare response in 
myopic and emmetropic
subjects are differentially 
expressed. Most probably 
in emmetropes the startle 
response predominates while in myopic 
subjects the prolonged squinting will be more 
pronounced as it improves visual acuity (Sheedy
et al, 2003). Therefore we may expect that myopic 
subjects are more prone to experience glare 
discomfort as compared to emmetropes.

Glare

Normal 
sensitivity

Decreased 
sensitivity

Prolonged responseTransient response

Transient glare 
disability, 
little glare 
discomfort

Initial glare 
disability leading to 
more pronounced 
glare discomfort

Emmetropes Myopes

Discussion
Short duration 

glare

Conclusion

1. Glare sensitivity when assessed by facial EMG 
is different in myopes as compared to 
emmetropes.

2. The difference seems to affect mostly the time 
course of the response, although there are 
changes in the response time, amplitude and 
frequency components of the response.

3. The results suggest that myopes may be more 
prone to develop discomfort glare.

4. Facial EMG recorded from m. orbicularis oculi
in response to moderately bright stimuli can be 
used to compare glare sensitivity in myopes
and emmetropes. 
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