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INTRODUCTION

Dry eye syndrome is a relatively common chronic oph-
thalmologic disease which develops as a result of nega-
tive changes in the tear film in quality and quantity due to
decrease in tear production or increased evaporation (1-
3). The incidence of dry eye syndrome is reported to vary
between 5.7% and 33.7% in different populations and to
increase with age (4-6). The complaints are sensation of a
foreign body in the eye, sensation of burning and dryness,
photophobia, sensation of heaviness of the eyelids, in-
crease in these complaints during reading or activities
that need concentration, watering, pain and sensitivity to

wind, air condition, cigarette smoke, dust, and closed en-
vironments. Another complaint decreasing daily patient
comfort is disturbance in the quality of vision.

The disturbed visual quality of a dry eye patient cannot
be corrected adequately using optical devices such as
glasses. The initial treatment following the diagnosis of
dry eye is the prescription of artificial tears, which relieves
the complaints of the patients and eradicates most of the
symptoms, of which the decrease in the quality of vision
comes in first place. The effect of artificial tears on cor-
recting the quality of vision depends on the fact that it
eliminates the irregularities on the corneal surface that de-
velop in consequence to dry eye and provides a smooth
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PURPOSE. To investigate the effects of artificial tear application on contrast sensitivity in dry
and normal eyes.
METHODS. A total of 55 patients with normal (10/10) corrected or uncorrected visual acuity
referring to GATA Gulhane Military Medical Academy Haydarpasa Ophthalmology Outpa-
tient Clinic were evaluated in regard to dry eye diagnostic criteria, and assigned into the
dry eye group (Group 1; 35 patients) and the control group (Group 2; 20 patients). All pa-
tients were given a contrast sensitivity testing at low and high spatial frequencies using the
gradual contrast sensitivity chart before and at 5 minutes after application of artificial tears,
and the two groups were compared. Wilcoxon test was used in statistical analysis, accepting
a p value of <0.05 as significant.
RESULTS. In the dry eye group, there was a statistically significant increase in contrast sen-
sitivity scores both at low and high frequencies after application of artificial tears (p<0.05).
In the control group, although there was a significant increase in low frequency scores af-
ter artificial tear application (p< 0.05), there was not a significant change in high frequen-
cy scores (p>0.05).
CONCLUSIONS. The decreased contrast sensitivity in dry eyes improves with application of ar-
tificial tears. Therefore, the impeded quality of vision seen in dry eye patients could be re-
stored closer to normal with artificial tear therapy. Besides, contrast sensitivity testing could
be used in the follow-up of artificial tear therapy. (Eur J Ophthalmol 2006; 16: 785-90)
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tear film and therefore it provides a better optical refrac-
tion on the corneal surface (7, 8). Many patients on artifi-
cial tear therapy are satisfied with the improvement in vi-
sual quality in varying degrees and report this to the
physician. This visual improvement is not always de-
tectable with standard clinical tests. 

The world of functional vision is composed of objects
that have different sizes and contrasts. The human visual
system requires different amounts of contrasts in order to
detect patterns with various spatial frequencies. Contrast
sensitivity is defined as the ability to detect the presence
of minimal luminance differences between objects or ar-
eas (9). It is something entirely different than visual acuity
that we can measure with a standard eye chart. Contrast
is quantitatively defined as the ratio of the difference in lu-
minance between the object and background and the to-
tal luminance (9, 10). 

The term functional vision describes the impact of sight
on quality of life. Recognizing faces and facial expres-
sions, reading a newspaper, driving at night, performing

vocational tasks, and participating in recreational pursuits
all bear a relation to functional vision for ophthalmic pa-
tients. Multiple scientific studies have demonstrated that
contrast sensitivity represents a robust indicator of func-
tional vision (11). Contrast sensitivity tests provide sensi-
tive detection in changes in visual quality under different
luminescence conditions. Because the traditional visual
accuracy tests show only the smallest spatial details of
the stimuli with high contrast, they are insufficient in de-
tecting the ability of the visual system to recognize and
differentiate objects with different sizes and contrasts. 

In the present study, we aimed to detect the effects of
application of artificial tears on visual quality by using
contrast sensitivity tests.

METHODS

A total of 55 subjects referred to GATA Gulhane Military
Medical Academy Haydarpasa Training Hospital Outpa-
tient Clinic were included in the study. Thirty-five were dry
eye cases (Group 1) and 20 were healthy volunteers
(Group 2). All participants had a visual acuity of 10/10 by
Snellen chart with or without correction. The dry eye sub-
jects all had dry eye symptoms, and were included in the
dry eye group according to the diagnostic criteria for dry
eye syndrome (1, 2). The diagnostic criteria for dry eye
syndrome were the presence of dry eye symptoms (sen-
sation of dryness, grittiness, burning, foreign body sensa-
tion and itching, redness, photophobia, and temporarily
blurred or unstable vision) and three pathologic results in
the diagnostic tests for dry eye. These diagnostic tests
that we routinely use in our clinic were fluorescein break-
up time (shorter than 10 seconds was regarded as patho-

Fig. 1 - The contrast sensitivity scale with the trademark Gradual
(Opsia®, France).

Fig. 2 - The contrast sensitivity scale with the trademark Gradual
(Opsia®, France) in a dark examination room. 

Fig. 3 - Comparison of contrast sensitivity values at high and low
spatial frequencies before and after the application of artificial tears.
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logic), Schirmer I test (less than 10 mm in 5 minutes was
regarded as pathologic), tear meniscus height (TMH), and
debris were evaluated. An absence of meniscus or a de-
creased TMH, which is an indirect indicator of decreased
tear volume and increased tear film debris, which is an in-
direct sign of decreased tear circulation, was considered
as a sign of dry eye (12, 13). The TMH was measured us-
ing the variable beam height (narrow straight vertical
beam at 0.2–1.0 mm) at the slit lamp biomicroscope (Top-
con SL-D7, Topcon Co., Japan) as the distance from the
edge of the lower lid margin to the top of the tear menis-
cus (14-16). Various literature sources indicate a normal
TMH to be between 0.2 and 0.5 mm (16-19). In this study,
a cut-point of less than or equal to 0.2 mm was consid-
ered to be an abnormal TMH. 

In the control group (Group 2), all subjects had a
Schirmer I result that was longer than 10 mm in 5 min-
utes, fluorescein break-up time over 10 seconds, TMH
more than 0.2 mm, and they were free from any dry eye
symptoms. None of the participants had history of con-
tact lens wear or any use of eyedrops. Subjects with a
spherical refraction over 5 diopters (D) and/or an astig-
matic refraction over 2 D and subjects with any corneal
opacity were excluded.

A contrast sensitivity scale Gradual (Opsia®, France)
was used for contrast sensitivity measurements (Fig. 1).
This scale is 55x110 cm and is placed 140 cm above the
floor. The letters are in 10 columns with decreasing con-
trast from left to right (the letters in the first column have
the highest contrast whereas the letters at the tenth col-
umn have the lowest) and 11 rows with decreasing sizes
from top to bottom (the letter at the top is equivalent to
the Snellen letter that corresponds to 0.05 visual acuity
and the letter in the bottom is equivalent to the Snellen
letter that corresponds to 1.0 visual acuity) and they are
classified into three groups according to their spatial fre-
quencies:
1. Low spatial frequency: The letters up to 0.2 Snellen row
2. Moderate spatial frequency: The letters between 0.3
and 0.6 Snellen rows
3. High spatial frequency: The letters between 0.7 and 1.0
Snellen rows

The screen of the scale had three brightness options:
low light level (low photopic level; 5cd/m2), moderate light
level (mesopic photopic level; 85 cd/m2), and high light
level (high photopic level; 700 cd/m2). The low photopic
level corresponds to the twilight, the moderate light level
corresponds to the light level in cloudy weather or a nor-

mally lighted room, and high photopic level corresponds to
the automotive headlights or bright sunlight. 

The subjects were positioned 3 meters away from the
scale with the test eye open and the other eye covered,
and were evaluated under moderate light level (mesopic
photopic level) of 85 cd/m2. This test mechanism was
placed in a room with an enlightening equal to a dark ex-
amination room (approximately 1.4 log cd/m2) and this
condition was provided in all measurements (Fig. 2). The
subjects from both groups were asked to read the letter
sequences that correspond to the spatial frequency which
would be tested. The test was continued until the last let-
ter that a subject could read; this letter was marked on
the score paper and the numerical value which corre-
sponds to that letter was evaluated as the contrast sensi-
tivity value for that eye. The contrast sensitivity scores for
the right eyes of all subjects from the dry eye and control
groups at low and high spatial frequencies were mea-
sured before and 5 minutes after the application of
preservative-free artificial tear drops containing 2%
polyvinylpyrrolidone (Protagent® SE, Alcon-Couvreur, Pu-
urs, Belgium).

Wilcoxon test was used for the comparison of contrast
sensitivity scores before and after the drops and a p value
lower than 0.05 was accepted as significant. 

RESULTS

The mean age of subjects in the dry eye group (Group1)
was 57.9±9.5 (between 38 and 79 years); the mean age of
subjects in the control group (Group 2) was 54.1±7.9
(43–66 years). Sixteen subjects were male (45.7%) and 19
were female (54.3%) in Group 1 whereas 9 were male
(45%) and 11 were female (55%) in Group 2.

The average contrast sensitivity scores in low spatial fre-
quency before the application of artificial tear drops in Group
1 and Group 2 were 8.84±1.00 and 9.87±0.33, respectively.
The average contrast sensitivity scores at low spatial fre-
quency at the fifth minute following the application of artificial
tear drops at Group 1 and Group 2 were 9.66±0.59 (p=0.006)
and 10 (highest score) (p=0.046) (Fig. 3). 

The average contrast sensitivity scores in high spatial
frequency before the application of artificial tear drops in
Group 1 and Group 2 were 5.84±1.82 and 8.57±0.56, re-
spectively. The average contrast sensitivity scores at high
spatial frequency at the fifth minute following the applica-
tion of artificial tear drops at Group 1 and Group 2 were
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observed to be 7.12±1.31 (p<0.001) and 8.69±0.63
(p=0.43), respectively (Fig. 3). 

The statistical analysis revealed that in the dry eye
group, the contrast sensitivity scores at both high and low
spatial frequencies were significantly higher after the ap-
plication of artificial tear drops (p<0.05). In the control
group, the scores at low spatial frequency were signifi-
cantly higher (p<0.05) whereas the scores at high spatial
frequency revealed no significant differences (p>0.05).

When the differences in contrast sensitivity scores in
the dry eye group and the control group before and 5
minutes after the application of artificial tear drops were
compared, a score increase of 0.82±0.41 and 1.28±0.51
was observed in the dry eye group at low and high spatial
frequencies, respectively. The increase in scores in the
control group was 0.13±0.33 and 0.12±0.07 at low and
high spatial frequencies, respectively. The statistical
analysis of these findings showed that the increases in
contrast sensitivity scores were significantly higher in the
dry eye group at both frequencies compared to those of
normal controls (p<0.05).

DISCUSSION

The advanced forms of dry eye including keratocon-
junctivitis sicca or punctuate epithelial keratopathy are
known to reduce visual acuity (20). Although the mild and
moderate forms of dry eye are more common, their ef-
fects on the quality of vision are not well-known (21).

Visual quality may be improved in patients with dry eye
by restoring the contrast sensitivity to normal with the aid
of artificial tear drops. Huang et al reported that contrast
sensitivity values increased significantly in subjects with
punctuate epithelial keratopathy following the administra-
tion of artificial tear drops whereas significant differences
were detected only at low spatial contrast sensitivity val-
ues in subjects without epitheliopathy (10). In our study,
there was no significant difference at the high spatial fre-
quencies with or without preservative-free artificial tear
drops containing 2% polyvinylpyrrolidone (Protagent® SE,
Alcon-Couvreur, Puurs, Belgium) in the healthy control
group whereas the difference between low spatial fre-
quencies was significant. Rolando et al evaluated the
contrast sensitivity tests comparatively in patients with
keratoconjunctivitis sicca and in healthy subjects using
Vistech Multivision Contrast Tester 8000 equipment at low
spatial frequency and found that the contrast sensitivities

of patients with keratoconjuctivitis sicca were 35–70%
lower than those of normal controls and the contrast sen-
sitivity values increased in all patients with keratoconjunc-
tivitis sicca following artificial tear therapy (22). Similarly,
Rieger detected in his study that contrast sensitivity was
significantly enhanced in patients with keratoconjunctivitis
sicca after artificial tear therapy (20). In our study, the
contrast sensitivity values in dry eye patients were found
to increase significantly both at low and high spatial fre-
quencies following the application of preservative-free 2%
polyvinylpyrrolidone artificial tear drops (Protagent® SE)
(p<0.05). Although a significant increase in contrast sensi-
tivity values was detected in the control group at low spa-
tial frequency after application of artificial tears (p<0.05),
there was no significant increase in high spatial frequency
values (p>0.05).

Tutt et al defined a 20–40% increase in the contrast
sensitivity scores of dry eye patients after the application
of artificial tears in their studies (23). In our study the rate
of increase was found to be about 15%. In another study,
patients who developed dry eye symptoms after laser in
situ keratomileusis (LASIK) and thus required intensive ar-
tificial tear therapy benefited from punctum obstruction as
the amount of tear increased. The authors found a 20%
decrease in corneal aberrations, and this improvement
was also shown to have positive effects on contrast sen-
sitivity tests (8). Applegate et al showed that corneal irreg-
ularity due to keratoconus, refractive surgery, and ptery-
gium excision reduced visual performance and contrast
sensitivity in all spatial frequencies especially in cases
with wide pupils (low light conditions) (24). Because tear
deficiency decreases the regularity of the anterior corneal
surface, low light conditions that cause dilation of the
pupils affect the contrast sensitivities of these patients at
a higher rate than high and moderate light conditions.
Ridder et al reported that tear layer breakup caused a de-
crease in contrast sensitivity and visual acuity (25, 26).
They also reported that contrast sensitivity and visual per-
formance increased in silicone-hydrogel contact lens
wearers with dry eye syndrome after the use of low-vis-
cosity artificial tear drops (25). The improvement in con-
trast sensitivity may be the result of tear stabilization.
Wavefront analysis has demonstrated an increase in high-
er-order aberrations for patients with dry eye compared
with normal subjects (27). These aberrations decrease af-
ter the instillation of artificial tears (7).

No difference in visual acuity was detected in our study
because only the subjects with normal visual acuity with
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or without correction were included in the study. The con-
trast sensitivity values increased after the application of
preservative-free 2% polyvinylpyrrolidone (Protagent® SE)
both in the dry eye and control groups. The increase at
both frequencies was statistically significant in the dry eye
group whereas only the scores at low spatial frequency
increased significantly in the control group. When the in-
crease in contrast sensitivity values in the two groups was
compared, the increase was found to be significantly
higher in the dry eye group at both frequencies according
to the control group (p<0.05).

In conclusion, decreased contrast sensitivity can be en-
hanced by the application of artificial tear drops, therefore
the disturbed visual quality in cases with dry eye syn-

drome may be increased by artificial tear application that
increases and normalizes the contrast sensitivity. Also,
measurements of contrast sensitivity may be used for the
follow-up of the efficiency of artificial tear therapy in pa-
tients with dry eye syndrome.

The authors have no commercial or proprietary interest in the
materials used in this study.
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