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Abstract: The purpose of this prospective observational study is to evaluate 
contrast sensitivity in dry eye patients using LCD CHART PROJECTOR 
(CC-100 Series 2015). Contrast sensitivity was determined in 42 eyes of 21 
patients with dry eye (the dry eye group) and 22 eyes of 11 healthy volunteers 
(the control group) with normal (VA=1) corrected or uncorrected visual 
acuity. We measured the contrast sensitivity at 4 contrast levels using 9 
grading frequencies. Analyses with the Mann-Whitney U test showed 
significant differences (CS lowering) between the study and control group 
from the spatial frequency of 4.24 cpd (P=0.042<0.05) to spatial frequency 
of 24 cpd (P=0.000<0.05). 
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1. Introduction 
 
Dry eye is a multifactorial disease of the 

tears and ocular surface that results in 
symptoms of discomfort, visual 
disturbance, and tear film instability with 
potential damage to the ocular surface. It is 
accompanied by increased osmolarity of 
the tear film and inflammation of the 
ocular surface [4]. Tear hyperosmolarity 
secondary to dessicating stress activates 
intracelullar signaling pathways within 
corneal and conjunctival epithelial cells, 
resulting in the realease of 
proinflammatory cytokines, including 
interleukin 1, tumor necrosis factor, and 
interleukin 6. These cytokines activates 
cells of the innate immune system 
(macrophage and neutrophils) which 

release cytokines promoting the activation 
and maturation of immature antigen-
presenting cells. Upon reaching the lymph 
nodes via the lymphatic vessels, mature 
antigen-presenting cell induce effector 
helper T-cell 1 and 17. These T cells, 
primed against ocular surface antigens, 
travel to the ocular surface throught 
efferent blood vessels, bind to ocular 
surface antigens, and become activated. 
Chemical mediators released by the 
activated T cells perpetuate the 
inflammatory pathway and cause tissue 
destruction [6], [13]. 

Ocular surface inflammation leading to 
dry eyes can be caused by altered tear-film 
composition, reduced tear production, poor 
lid function, environmental conditions, or 
diseases such as Sjögren’s syndrome. 
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Anticholinergic drugs, estrogens, and 
selective serotonin reuptake inhibitors 
(SSRIs) can also cause dry eyes. Older age 
and female sex are risk factors [12]. Are 
described 2 types of dry eye: Aqueous-
Deficient dry eye (Sjȍgren`s sindrome 
primary/secundary,  systemic drugs,  
lacrimal gland duct obstruction, lacrimal 
deficiency) and Evaporative dry eye 
(alergic conjunctivitis, contact lens use, 
vitamin A deficiency, low blink rate, lipid 
deficiency, MGD, preservatives in ocular 
medication) but most DED (dry eye 
disease) is a combination of subtype due to 
factors that promote ocular surface 
inflammation [1], [2]. 

There is a low correlation between 
symptoms (ocular discomfort/pain, 
redness, fluctuating vision, itching, ocular 
irritation, excess tearing) and signs 
(redness, low Schirmer I, low BUT, 
corneal and conjunctival staining, mucous 
discharge) [8], [10], [14]. 
   The available literature suggests that 
DED has a substantial economic burden, 
with indirect costs making up the largest 
proportion of the overall cost due to a 
substantial loss of work productivity. In 
addition, DED has a substantial negative 
impact on physical, and potentially 
psychological function and health-related 
quality of life across the countries 
examined. A number of studies also 
indicated that health-related quality of life 
burden increases with the severity of 
disease [5], [10]. 
   Visual acuity (VA) has traditionally been 
the gold standard for assessing the visual 
capacity of our patients. However, this 
measure only relates to an ability to 
resolve details of maximum contrast and 
fails to provide information on how an 
object of poor contrast is viewed, even 
when the object is large [5]. 
   Over the last few years, besides 
quantifying VA, there has been increased 
interest in its qualitative interpretation, 

largely because of the present surge in 
refractive surgery. Thus, several methods 
have been developed to assess a subject’s 
quality of vision, most of which are based 
on determining contrast sensitivity [5]. 
   Indeed, a large number of eye 
pathologies, including keratoconjunctivitis 
Sicca, have been associated with altered 
contrast sensitivity [5]. 
  The functional impact of DED and the 
qualitative interpretation of VA  can be 
reflected in contrast sensitivity [9]. Starting 
from this statement, the aim of the present 
prospective observational study was to 
evaluate contrast sensitivity in a group of 
patients with dry eye and a control group 
using the LCD CHART PROJECTOR 
(CC-100 Series 2015).  

  
2. Materials and Methods 
 
   The study populations comprised 42 
eyes of 21 patients with dry eye ( the dry 
eye group) and 22 eyes of 11 healthy 
volunteers (the control group) with normal 
(VA=1) corrected or uncorrected visual 
acuity . All subjects gave their consent, 
based on the Declaration of Helsinki, to 
participate at the study after the type of the 
study has been explained. The study was 
carried out with patients who visited the 
Ophthalmology Clinic of Emergency 
Hospital of Sibiu, Romania. 
   Materials: 
- for the Visual Acuity measurement the 
ETDRS Chart was used.  
- The Ocular Surface Disease Index 
(OSDI) was used for the assessment of 
symptoms related to dry eye disease and 
their effect on vision.  
 - dry eye diagnosis was based on the 
methodologies of 2007 Report of the 
International  Dry Eye Workshop (DEWS). 
- the spatial frequency contrast sensitivity 
was determined with LCD CHART     
PROJECTOR (CC-100 Series 2015).  

The inclusion criteria in the study are: 
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Dry eye group: subjects between 18-70 
years old, OSDI more than 11 points, 
corneal and/or conjunctival staining (using 
OXFORD scheme with special coloration: 
fluorescein and lissamine green), the 
values of the Schirmer test I less/equal 
than 10 mm (without anaesthesia), Tear 
breakup time (TBUT) less/equal than 5 
seconds, Visual Acuity AO= 1 (corrected 
or uncorrected), spherical equivalent 
less/equal +/_ 4D, no other ocular disease 
(except dry eye). 

Control group: subjects between 18-70 
years old, OSDI less or equal than 10 
points, without corneal/conjunctival 
staining, Schirmer test I more than 15 mm 
(without anaesthesia), Tear breakup time 
(TBUT) greater than 15 seconds, Visual 
Acuity AO= 1 (corrected or uncorrected),  
spherical equivalent less/equal +/_ 4D, no 
ocular disease. 
    Each patient followed the study 
protocol: on the same day that a patient 
completed all the inclusion tests, contrast 
sensitivity was determined for each eye.   
The visual acuity(VA) to each eye is tested 
with ETDRS Chart (LCD CHART 
PROJECTOR (CC-100 Series 2015) and 
all study patients (control and dry eye 
group) had each eye  VA=1.00 (corrected 
or uncorrected) . Every patient has 
completed the OSDI questionnaire. After 
the Schirmer test I was performed, the 
assessment of corneal and conjunctival 
staining is made with special colorations 
(fluorescein and lissamine green) using 
OXFORD Scale for grading the corneal or 
conjunctival damage and for the 
determination of  tear breakup time. 
    Measurements were taken using 
the LCD  CHART PROJECTOR (CC-100 
Series 2015). The Spatial Frequency 
Contrast Sensitivity Test of this device can 
be customized by setting the amount of 
spatial frequencies and contrast levels. The 
result gives valuable information on the 
patients contrast visual acuity. Test results 

are displayed in a graph which is printable 
as well [16]. (Fig. 1) 

 
Fig. 1. Lcd  Chart  Projector (CC-100 

Series 2015) 
 

 
Fig. 2. The study protocol 

 
   LCD CHART PROJECTOR (CC-100 
Series 2015) is able to accurately 
determine contrast sensitivity  in a relative 
rapid and simple automated manner.  
   The test is conducted at a distance of 4m 
from the screen and takes about 4 minutes 
per eye. We measured the contrast 
sensitivity at 4 contrast levels, 100%, 30%,  
10% and 3% using grading 
frequencies:1.50cpd, 2.12cpd, 3.00cpd, 
4.24cpd, 6.00cpd, 8.49cpd, 12.00cpd, 
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16.97cpd, 24.00cpd. Background 
luminance of 200 candelas per square 
meter (Fig. 3) 
    It provides data on contrast sensitivity 
by means of an automated method based 
on the stimulus that is a sine wave grading. 
All stimuli were static, generated in gray 
scale, circularly symmetric [3]. 

Fig. 3. Contrast Sensitivity Curve 
 
Data analysis was performed using SPSS 

software (version 20) [11]. For continuous 
variables the normality criteria were 
checked using Kolmogorov-Smirnov test.  
Mann-Whitney U test was used for 
comparation between study and control 
groups, in case of continuous variables 
(presented as mean±standard deviation). 
A p-value less than 0.05 was considered 
statistically significant [8]. For graphical 
representation we used simple error bar 
(representing 95% confidence interval for 
mean). 
 
3. Results and Discussions 
 

The mean age of the study subjects 
was M=53.57 (SD=12.13) in the dry eye 
group and M=51.45(SD=8.21) in the 
control group (p=0.609).  
The figure below shows the mean±SD 
values of contrast sensitivities for the nine 
spatial frequencies tested with vertical 
sine-wave gradings for both groups (Fig. 
4). 

 
Fig. 4.  The mean±SD values of contrast 

sensitivity 
 

With the use of vertical sinusoidal 
frequency, we obtain increased sensitivity 
in the midrange frequencies and decreased 
sensitivity at low and high frequencies.  

 
Table 1  

Study vs control group spatial 
frequency means 

 

Spatial 
frequency 

Group Mean SD P 

1.50 Stdy 
Control 

94.2 
100.00 

18.07 
   ,00 

 
0.138 

2.12 Study 
Control 

111.36 
120.00 

24.07 
    ,00 

 
0.095 

3.00 Study 
Control 

131,79 
146,73 

38,35 
10.59 

 
0.169 

4.24 Study 
Control 

136,18 
156,45 

42,46 
11,48 

 
0.042 

6.00 Study 
Control 

130,45 
156,50 

49,41 
24,44 

 
0.022 

8.49 Study 
Control 

75,95 
130,98 

45,17 
18,03 

 
0,000 

12.00 Study 
Control 

47,64 
94,09 

35,20 
21,19 

 
0,000 

16,97 Study 
Control 

21,33 
60,48 

18,12 
28,17 

 
0,000 

24,00 Study 
Control 

6,29 
43,68 

6,40 
21,20 

 
0,000 

 
Analyses with the Mann-Whitney U test 

showed significant differences (CS 
lowering) between the study and control 
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group from the spatial frequency of 4.24 
cpd (P=0.042<0.05) to spatial frequency of 
24 cpd (P=0.000<0.05) (Table 1). 
   The mean±SD values of contrast 
sensitivities for the nine spatial frequencies 
tested with vertical sine-wave gradings for 
each eye in case of both groups show as 
follows: 
- decreased sensitivity between right eye of 
the dry eye group and right eye of  the 
control group from the spatial frequency 
8.49 cpd (p=0.004<0.05)  to spatial 
frequency 24.00 cpd (p=0.000<0.05) 
- decreased contrast sensitivity between 
left eye of the DED patients and left eye of 
the control patients starting from the 
spatial frequency  6.00cpd (p=0.026<0.05) 
to the 24.00 cpd (p=0.000<0.05). (Fig. 5) 

 
Fig. 5. OD and OS contrast sensitivities 

 
This findings indicate that contrast 

sensitivity was lower in the dry eye group 
than in the control group, in particular 
between spatial frequencies 4.24 cpd and 
24.00 cpd. 
    Altered contrast sensitivity in patients 
with dry eye has been previously reported 
and noted that contrast sensitivity was 
worse in a group of patients with 
keratoconjunctivitis Sicca compared with a 
group of subjects matched according to 
age) [9]. 
  A similar study showed a significant 
decrease of spatial-contrast sensitivity 

from 35 to 70% present in 
keratoconjunctivitis sicca eyes compared 
with a group of age-mached normal eyes 
used as control, what means that tear film 
disease can affect the transfer function of 
modulation of the ocular surface [15]. 
  Measuring contrast sensitivity in patients 
with dry eye brings additional information 
(compared to visual acuity measurement) 
and correlated with signs and symptoms 
(often unsystematized) can guide the 
diagnosis and treatment of these pacients. 
   The available literature suggests that 
DED has a substantial economic burden, 
with indirect costs making up the largest 
proportion of the overall cost due to a 
substantial loss of work productivity [10]. 
 
4. Conclusions 
  
  Starting from the definition of dry eye we 
know that this ocular surface disease can 
lead to visual disturbance [4]; in pacients 
with good visual acuity this visual 
disturbance can be highlighted using 
contrast sensitivity. Contrast sensitivity 
values in human eyes have a peak between 
the 3 cpd and 6 cpd spatial frequencies, so 
contrast sensitivity peak changes can have 
a significant effect on visual quality.  
  DED patients can accuse blurred vision in 
spite of the normal visual acuity, because 
of the disruption of the anterior refractive 
surface of the eye (the tear film). Contrast 
sensitivity brings additional information 
for these patients:  
QUALITATIVE INTERPRETATION: 
measured by contrast sensitivity tests. 
QUANTITATIVE INTERPRETATION: 
measured by visual acuity tests. 
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