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Abstract

Contrast sensitivity (CS) discriminates objects in low contrast levels, while visual acuity measures how big an object
must be to be seen. In pathological eye conditions, numerous studies have noted the importance of CS, in early
diagnosis. Age-related macular degeneration (AMD) is a progressive retinal disease and a common cause of blindness
for patients over 50°s that cannot be detected only by visual acuity. Although various studies described the impact of
AMD on psychophysical daily activities, the quality of life is defined as the general well-being and health of
individuals. Current research aims to revise the CS test as diagnostic and predictive clinical tool of visual function by
simulating AMD. Statistical analysis of the results, demonstrated statistically significant decline from Normal to Early,
Medium and Advanced stages of simulated disease, but no significant difference between right and left eyes or between
genders. The assessment of contrast sensitivity can be a part of medical preventive eye care, furthermore for
populations with limited access to public health.

Keywords: Contrast Sensitivity (CS), Age-related Macular Degeneration (AMD), Pelli Robson chart, Simulation,
AMD clinical tools, Quality of life.

1. Introduction

The quality of vision is determined by three factors, the clarity of the image, the size of the point image and the
perception of the image by the photoreceptors in the retina.

Visual acuity is the ability of the eye to distinguish, two points in space as separate. In young eyes the average visual
acuity is maximum 20/20, while in elderly subjects, over 60 years old, visual acuity decreases to a lower level (Elliot et
al., 1995). Clinically, visual acuity (VA), is evaluated with optotypes or visual acuity charts. Contrast Sensitivity (CS)
is a psychophysical assessment of the quality of vision and is required to differentiate a figure from its background. It is
based on modulation transfer function, which usually vary in accordance to spatial frequency. The Contrast sensitivity
is defined as the inverse of the minimum contrast (Cmin), that is CS = 1 / Cmin. A contrast sensitivity test typically
contains minimum light contrast for sinusoidal gratings and frequencies between 0.5 and 20 c /deg. Spatial frequencies
express the characteristics of an optical system. High frequencies correspond to lower brightness contrasts while low
frequencies correspond to higher contrast.

Contrast sensitivity is decreased in clinical conditions and the maximum contrast sensitivity could be reduced even
when the visual acuity is normal. The contrast sensitivity is frequently reduced in pathological conditions, such as
myopia (Collins & Carney, 1990), glow (Abrahamson & Sjostrand, 1986), cataracts (Hess & Woo, 1978), amblyopia
(Freedman & Thibos, et al., 1988), ocular hypertension (Gandolfi, 2005), glaucoma (Stamper, 1984) and dry eye
(Rolando et al., 1998) (Bodis-Wollner, 1972), multiple sclerosis (Regan et al., 1981), Parkinson's disease (Bodis-
Wollner & Onofrj, 1986) and schizophrenia (Cimmer et al., 2006).
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In addition, loss of contrast sensitivity is a common side effect of many prescription medicines (Li, Tripathi & Tripathi,
2008; Santaella & Fraunfelder, 2007). Age-related macular degeneration (AMD) is a common condition of vision loss,
etiologically complex disease with no cure so far, with disease development strongly influenced by environmental and
genetic factors (Lim et al., 2012 ; Fritsche et al., 2014; DeAngelis et al., 2017). Two stages are known for this disease:
early AMD, (the dry form, likely due to progressive macular cell loss), which is characterized by drusen and
pigmentary changes, and late AMD (the wet form), which can be distinguished in 2 subtypes—geographic atrophy
(GA) and choroidal neo-vascularization (CNV) (Kanski, 2004; De Jong, 2006; Colijn et al., 2017). At a very early
stage, there are no signs of vision loss. At a fairly advanced stage, deprives an individual of his or her ability to
perform basic daily activities, such as reading, recognizing faces or driving a car, as a result of a central scotoma
usually being present.

Nowadays, more or less of 11 million individuals are affected by AMD in the United States (U.S.) alone, with a global
prevalence of 170 million. AMD is thereby the leading cause of visual disability in the industrialized world and the
third leading cause globally (Pascolini, 2012; Bright Focus Foundation, 2015). Aging is the greatest risk factor
therefore, the prevalence of AMD in the U.S. is anticipated to increase to 22 million by the year 2050, while the global
prevalence is expected to increase to 288 million by the year 2040 (Wong, 2014; Bright Focus Foundation, 2015).

In the U.S., the prevalence of AMD is similar to that of all invasive cancers combined and more than double the
prevalence of Alzheimer’s Disease. This high prevalence leads to an annual $4.6 billion direct healthcare cost due to
AMD in the U.S. (Bright Focus Foundation, 2015 & Prevent blindness, 2015). As the aging population increases, this
expenditure is likewise expected to increase proportionately.

An Australian study in 2004, states that loss of driving ability is an important factor in losing independence as patients
have to rely on others to move around, which may lead to social isolation, a factor of the progressive development of
depression. The study also emphasized, that people resist asking for help in the fear that they will become heavy and
make a big effort to remain independent, (Wong, 2004). Loss of independence may be such that residential care is
required. The loss of vision due to AMD may lead to additional living costs for helping patients with a higher visual
acuity loss according to a French study (Bonastre, 2003). Symptoms such as the above, as well as the lack of
expectation for improvement, compose an psychological distress and push patients in to extensive activities restriction
and then social exclusion.

1.1 The Objectives of the Study

This study investigates and compares the effect on Contrast Sensitivity of simulated macular degeneration in healthy
individuals and in different stage of disease severity. Furthermore, considers a possible AMD effect on patients at every
day activities, based on the progression rate of the disease. In addition, this study tries to assess contrast sensitivity as a
tool for prognosis and identification of the early stages of the AMD disease.

2. Methodology

2.1 Research Design

The research was conducted at the Optometry Clinic of the University of Western Attica, in Athens, Greece. The
participants underwent an ophthalmic assessment, which included complete medical history and visual acuity
assessment, refraction, binocular vision assessment, pupillary reflection and diameter, slit-lamp evaluation of the
anterior eye, and indirect ophthalmoscopy of the macula. The sample was carefully selected among a healthy group of
30 individuals aged 18 to 35 years old, following specific exclusion and inclusion criteria. All tests for every individual
performed in scotopic room conditions (0,003Lux and 0,001 Cd/m2 at the pupil level).The luminance was measured by
digital camera.

The visual acuity was assessed on a Baley-Lovie illuminated chart (auto-zoom) mounted at 4m distance. The visual
acuity was verified by electronic refractometer, phoropter, a pinhole test, a complete spherical correction, Jackson cross
cylinder test and polarized filters to equalize binocular vision. The examination started with the right eye, followed by
the left eye and at last binocular. Next the procedure of lenses simulation took place by producing controlled scaled
central scotoma to all three pairs for every stage and each individual.

For this purpose were used, "3M Over-the-Glass eyewear" to be worn over prescription eyewear. These frames were
made of Clear polycarbonate lenses and scratch-resistant coatings, easy to clean with soap and water, providing the
ability to reuse it for more participants with no impact to the lenses visibility. The contrast sensitivity was assessed by
an original UK Pelli-Robson chart, mounted at a distance of 3 metres and in photopic room conditions of 162 Lux and
48,6 Cd/m2 at the pupil level.
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2.2 Respondents and Sampling Plan

Exclusion criteria were the presence of astigmatism, previous eye injuries or other pathological conditions, hereditary
diseases (diabetes, glaucoma, etc.), any presence of phoria, strabismus or diplopia

Inclusion criteria included emmetropia or ametropia accepted maximum refractive error + 2.00 dpts, but always at
least 6/6 VA after correction.Although recruited 30 individuals after the exclusion criteria the evaluated sample
comprised by 12 individuals, 6 men and 6 women (Tables 1, 2).

Table 1: Distribution of age and gender for 12 individuals of the sample.

Age Gender
Male Female
18-24 2 3
25-30 4 3
Table 2: Refractive errors within acceptable restrictions Refractive error
Gender | R-2,00 R -0,50 R PLANO L -2,00 L-0,50 L PLANO
Male 2 3 1 2 3 1

Female 3 1 2 3 1 2

2.3 Instrument and Data Gathering Procedure

Subsequently, created controlled luminance conditions, simulating the natural light (162 lux) using a light source
(projector), a dimmer switch and a digital luxmeter . The white sensor of the luxmeter, was facing the lighting source,
at a constant position (3 meters distance in order to correspond to spatial frequencies of 3 cycles / degree) equal to the
distance between the Pelli Robson chart and the individual for every test.

The testing room had been completely darkened before each measurement. Before every second test, each individual
was moved to a dark room with full eye coverage, using a sleeping mask, staying there for about 20 minutes, in order to
avoid the fatigue effect during the next contrast sensitivity assessment. At the end of the resting period, the mask was
removed and the brightness of the testing room was gradually increased to avoid blurring after a sudden brightness
change.

An original UK Pelli-Robson chart, mounted at a distance of 3 metres, was used. The chart with dimensions 90x60cm
(36x24 inches) consisted of 8 lines of letters having different contrast. Each row includes 6 letters consisting of two
triplets. The contrast decreases downwards from row to row and horizontally from right to left triplet in each row. The
font size is 4.9x4.9mm (2x2 inches). The first three letters of the left triplet at first row have the maximum contrast
(contrast = 1), and the letters of the last left triplet at the lower row have the minimum contrast (contrast = 0.006).
Contrast sensitivity is defined as the inverse analogue of contrast (CS = 1 / contrast) (Maija, 2001). Each triplet is
calibrated with 0.15 log contrast sensitivity and consequently each letter of every triplet, corresponds to 0.05 log
contrast sensitivity (Fig.1).

PELLI- ROBSON

000 HS Z DS N (.15
030 CKR Z VR (045
060 NDC O S K 075
09 0ZK VHZ 105
120 NHO NRD 135
15 YVRC OV H 165
180 eDSsS NDC 195
210 KVvZ OHR 2325

Fig. 1: Pelli —-Robson chart, consisting of 8 rows of different contrast letters and 16 triplets. The score numbers
correspond to the far left and far right letters of every row.
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Initially, the measured values of normal individuals without simulation were recorded and then the values in the
simulation stages one by one (Early, Medium and Advanced). The face measurements, pupil distances (horizontally
and perpendicular), and pupil diameter determined the position and the size of the grey colour simulated central
scotoma, for every specific stage of the disease (Early stage: 0,5 mm in central area, Medium: 1mm, and Advanced: 1,5
mm in diameter). Personal pairs of simulated glasses were used for each individual and for all the three levels of
disease, after the US pattern modification (US Patent 5,737,056, Martin et al., 1998) entitled "Methods for simulations
of visual disabilities™ for contact lenses, ophthalmic lenses and a pair of eyeglasses.

According to the examination procedure, the subject was asked to read the letters for every row, from left to right and
from the upper to the lower row. At the first reading failure the test was completed and the sensitivity score according
to Fig. 2 was recorded. For greater accuracy, the recorded results referred to each letter (0.05 log) of the triplet and not
to the entire triplet (0.15 log) as defined by the designers of Pelli-Robson chart (Pelli et al. 1988). Reading letter C as
an O was considered as failure of reading the letter. Elliot (2006), accepted the reading of the letter C as an O as a
correct response to further balance the legibility of the letters. Contrast sensitivity was recorded, always testing first the
right eye and covered the left, then testing the left eye and covered the right eye. Finally tested binocular for every
simulation stage.

H S ZDSN PELLI-ROBSON
000 HSZ DSN 0.15

3 030 CKB ZVR 045
0.60 OSK 075

090 OZK VHZ 105
120 NHO) NRD 1.35
150 VRC OVH 165
180 CDS NDO© 1.95
210 KVZ OHR 225

Figure 2. For greater accuracy, the recorded results referred to each letter (0.05 log ) of the triplet and not to the
entire triplet (0.15 log).

3. Results

The table below, includes contrast sensitivity values during the Pelli-Robson examination test for male and female
individuals for right eyes, left eyes and binocular, in AMD simulation conditions for all stages (hormal, early, medium,
late), (Table 3). In normal stage CS values recorded without simulation. For the male individuals, contrast sensitivity
values in right eyes ranged from 1.75log for the normal to 0.45log for late AMD stage, for left eyes CS values ranged
from 1.7log for the normal to 0.5log for the late, and in binocular test, values ranged from 1.63log for the normal to
0.40log for the late stage. Correspondingly, for the female individuals, in right eyes contrast sensitivity values ranged
from 1.65log for the normal to 0.25log for the late stage, in left eyes CS values ranged from 1.7log for the normal to
0.50log for the late, and the binocular CS values ranged from 2log in the normal stage to 0.2log in the advanced AMD
stage.

Table 3: Pelli-Robson contrast sensitivity values (log) for right eye, left eye and binocular, for genders. Table
includes Mean, Standard Deviation (SD), Median, Min (Max) and Maximum (Max) values, 1st and 3nd quartile
(25 and 75% of the normal value respectively) at all stages. Norm = Normal, Early = Early, Medium = Medium,
Late = Advanced AMD.

MALE Right Eye Left Eye

Norm Early Medium  Late Norm Early Medium  Late
Mean 1,60 1,42 1,08 0,57 1,62 1,45 1,11 0,69
SD 0,10 0,12 0,14 0,14 0,08 0,14 0,21 0,20
Median 1,55 1,35 1,00 0,55 1,60 1,45 1,20 0,65
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Min 1,50 1,30 0,95 0,45 1,55 1,25 0,80 0,50
Max 1,75 1,55 1,25 0,80 1,70 1,60 1,30 0,90
1st quartile 1,55 1,35 1,00 0,45 1,55 1,40 1,00 0,50
3rd quartile  [1,65 1,55 1,20 0,60 1,70 1,55 1,25 0,90
FEMALE RightEye | | Left Eye

Norm Early Medium Late Norm Early Medium Late
Mean 1,56 1,44 1,11 0,48 1,63 1,48 1,13 0,70
SD 0,09 0,13 0,13 0,14 0,11 0,11 0,18 0,28
Median 1,60 1,50 1,15 0,50 1,63 1,48 1,13 0,70
Min 1,40 1,20 0,90 0,25 1,55 1,40 1,00 0,50
Max 1,65 1,55 1,25 0,65 1,70 1,55 1,25 0,90
1st quartile  [1,53 1,40 1,03 0,40 1,59 1,44 1,06 0,60
3rd quartile  [1,63 1,53 1,20 1,20 1,66 1,51 1,19 0,80
BINOCULAR MALE | | FEMALE

Norm Early Medium Late Norm Early Medium Late

Mean 1,58 1,46 1,11 0,80 1,81 1,51 1,17 0,54
SD 0,07 0,09 0,12 0,57 0,17 0,15 0,11 0,20
Median 1,58 1,46 1,11 0,80 1,90 1,55 1,20 0,60
Min 1,53 1,40 1,03 0,40 1,50 1,25 1,00 0,25
Max 1,63 1,53 1,20 1,20 2,00 1,65 1,30 0,80
1st quartile 1,55 1,43 1,07 0,60 1,73 1,45 1,10 0,40
3rd quartile 1,60 1,49 1,16 1,00 1,93 1,63 1,25 0,68

3.1 Data Analysis

Data are reported as means and were compared by One way ANOVA (analysis of variance) method followed by post
hoc Tukey honestly significant difference (HSD) test using the software SPSS version 24 (Statistical Package for Social
Science) with a 0.05 significance level. Additionally, paired-samples t-test was conducted to determine whether the
mean difference between paired observations is statistically significantly different from zero. Box plots were used for
detecting outliers in this analysis. In order to assess normality, Shapiro-Wilk test and Normal Q-Q Plots, were used.

3.2 Interpreting the Analysis

The ANOVA / POST-HOC Tuckey variance analysis was performed, with multiple comparisons between CS groups in
AMD simulate mode, right eyes, left eyes and binocular in all the stages, Normal , Early, Medium, Advanced (Tables
4, 5, 6). Post-hoc tests were conducted in order to confirm the differences between the groups. Post-hoc tests attempted
to test the experimental error rate (usually alpha = 0.05) in the same way that the univariate ANOVA was used instead
of multiple t-test tests.

A paired-samples t-test was used to determine whether the mean difference between, right and left eyes (Table 7 ) and
Men and Women (Table 8), is statistically significantly different from zero. Box plots were used for detecting outliers
in every group of participants, left eyes (fig.3), right eyes (fig. 4), binocular (fig.5).

Table 4:Statistically significant differences were observed, in every group, right eye, left eye and binocular
values, p -value = 0.000 < 0.05. Contrast sensitivity score was statistically significantly different between
different groups, Right eyes F(3, 44) = 181.551, p < 0.05, Left eyes F(3, 44) = 132.189, p < 0.05, Binocular F(3,
44) = 64.074, p < 0.05.
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ANOVA
Sum of Squares df Mean Square F Sig.
RIGHT Between Groups 8.020 3 2.673 181.551 .000
Within Groups .648 44 .015
Total 8.668 47
LEFT Between Groups 9.332 3 3.111 132.189 .000
Within Groups 1.035 44 .024
Total 10.367 47
BINOCULAR Between Groups 7.353 3 2.451 64.074 .000
Within Groups 1.683 44 .038
Total 9.036 47

Table 5 : Descriptive measures for CS values, right eye, left eye, and binocular in each category, normal values,
early stage values, medium stage values and advanced (late) stage values of AMD simulation.

Descriptives

95% Confidence Interval

for Mean
Lower Upper
Mean Std. Deviation ~ Std. Error Bound Bound Min Max
RIGHT  NORMAL 12 1.5792 .09160 .02644 1.5210 1.6374 1.40 1.75
EARLY 12 1.4333 11934 .03445 1.3575 1.5092 1.20 1.55
MEDIUM 12 1.0958 12515 .03613 1.0163 1.1754 .90 1.25
LATE 12 5167 .14355 04144 4255 .6079 .25 .80
Total 48 1.1563 42945 .06199 1.0316 1.2809 .25 1.75
LEFT NORMAL 12 1.5583 .13953 .04028 1.4697 1.6470 1.25 1.70
EARLY 12 1.4167 .14035 .04051 1.3275 1.5058 1.20 1.60
MEDIUM 12 1.1333 .25256 07291 9729 1.2938 .80 1.80
LATE 12 5375 22373 .06459 .3953 .6797 15 .90
Total 48 1.1615 43847 .06329 1.0341 1.2888 15 1.80
BINO NORMAL 12 1.8042 13728 .03963 1.7169 1.8914 1.50 2.00
EARLY 12 1.5208 12515 .03613 1.4413 1.6004 1.25 1.65
MEDIUM 12 1.2083 .10624 .03067 1.1408 1.2758 1.00 1.35
LATE 12 .6167 .21985 .06346 4770 71564 .25 .95
Total 48 1.2875 .46966 .06779 1.1511 1.4239 .25 2.00
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Table 6 :Multiple comparisons between stages statistically significance were observed in all stages p =
0.000 the same happens in the right eyes p = 0.026. In binocular group, between Normal and Early stages
there are no statistically significant differences p = 0.299 > 0.05.

Multiple Comparisons

Tukey HSD
Mean
Dependen Difference(l- 95% Confidence Interval
|t Variable|1) STAGES |9)STAGES |  J) | Std.Error | Sig. | Lower Bound Upper Bound
RIGHT NORMAL EARLY .14583 04954 026 0136  .2781
MEDIUM 48333 .04954 .000 3511 6156
LATE 1.06250° 04954 000 9302  1.1948
EARLY NORMAL -.14583" 04954 026 -2781  -.0136
MEDIUM 33750 04954 000 2052 .4698
LATE 91667 04954 000 7844 1.0489
MEDIUM  NORMAL -.48333" 04954 000 -6156  -.3511
EARLY -.33750" 04954 000 -4698  -.2052
LATE 57917 04954 000 4469 7114
LATE NORMAL -1.06250" 04954 000 -1.1948 -.9302
EARLY -.91667" 04954 000 -1.0489 -.7844
MEDIUM -57917" 04954 000 -7114 -.4469
LEFT NORMAL EARLY 28333 06263  .000 1161 4505
MEDIUM 59583 06263  .000 4286 7630
LATE 1.18750° .06263 .000 1.0203 1.3547
EARLY NORMAL -.28333" 06263  .000 -.4505 -1161
MEDIUM 31250 06263  .000 1453 4797
LATE 90417 06263  .000 7370 1.0714
MEDIUM  NORMAL -.59583" 06263  .000 -.7630 -.4286
EARLY -.31250" 06263  .000 -4797 -.1453
LATE 59167 06263  .000 4245 7589
LATE NORMAL -1.18750° 06263  .000 -1.3547 -1.0203
EARLY -.90417" 06263  .000 -1.0714 -.7370
MEDIUM -59167" 06263  .000 -.7589 -.4245
BINO NORMAL EARLY 14167 07985  .299 -0715 3549
MEDIUM 42500 .07985 .000 2118 6382
LATE 1.02083" 07985  .000 8076 1.2340
EARLY NORMAL -.14167 07985  .299 -.3549 0715
MEDIUM .28333" 07985  .005 .0701 4965
LATE 87917 .07985 .000 .6660 1.0924
MEDIUM  NORMAL -.42500" 07985  .000 -.6382 -.2118
|EARLY -.28333" 07985  .005 -.4965 -.0701
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LATE 59583 .07985 .000 .3826 .8090
LATE NORMAL -1.02083" .07985 .000 -1.2340 -.8076
EARLY -.87917 .07985 .000 -1.0924 -.6660
MEDIUM -.59583" .07985 .000 -.8090 -.3826

*The mean difference is significant at the 0.05 level.

Table 7: There was no statistically significant difference between right eye and left eye (means), p =0.844 > 0.05. A
paired-samples t-test was used to determine whether there was a statistically significant mean difference between right
and left eyes, (-0,005+ 0,1825 ) and statistically significant increase of -0,005 (95% ClI, -0.058 to 0,047), t(47)=-0,198,
p=0,844 > 0,05, d= - 0.027

Paired Samples Test
Paired Differences

95% Confidence
Interval of the

Std. Std. Error Difference Sig. (2-
Mean Deviation Mean Lower Upper t df  tailed)
Pair1  Right - Left -.00521 .18255 .02635  -.05821 04780 -.198 47 .844

Table 8 :There was no statistically significant difference between male (M) and female (F) (means), p = 0.059 > 0.05.
A paired-samples t-test was used to determine whether there was a statistically significant mean difference between
Male and Female, (0,045+ 0,113) and a statistically significant increase of 0.045 (95% CI, -0.001 to 0,093), t(23)=
1.984, p=0,059 > 0,05, d= 0.39

Paired Samples Test
Paired Differences

95% Confidence
Interval of the
Std.  Std. Error Difference Sig. (2-
Mean Deviation ~ Mean Lower Upper t df tailed)
Pair1  Male-Female .04583 11317 .02310 -.00196 09362  1.984 23 .059

2.00

o .
Loo *

CS log

.00

NORMAL EARLY MEDIUM ADVANCED
STAGES

Figure 3: This Box plot illustrates the variance and the decline of the CS log in right eye group due to the AMD
presence in simulation mode at all stages. (Normal, Early, Medium, Advanced).
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Figure 4: This Box plot illustrates the variance and the decline of the CS log in left eye group due to the AMD
presence in simulation mode at all stages. (Normal, Early, Medium, Advanced).One outlier (34™ value) was detected
that was more thanl,5 box-length from the edge of the box in the boxplot. Inspection of the value did not reveal to be
extreme and it was kept in the analysis.
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Figure 5: This Box plot illustrates the variance and the decline of the CS log in Binocular group due to the AMD
presence in simulation mode at all stages. (Normal, Early, Medium, Advanced).

4. Discussion

A one-way ANOVA was conducted to determine if the means was statistically significantly different for different
groups. Participants were classified into three groups, right eyes (n=12), left eyes (n=12) & binocular (n=12) and in
three simulation stages ( Early, Medium, Advanced). One outlier was detected that was more thanl1.5 box-lengths from
the edge of the box in a boxplot. Inspection of the value did not reveal to be extreme and it was kept in the analysis.
Data was normally distributed for each group, as assessed by Shapiro-Wilk test (p > 0.05) and by Q-Q plots. Data is
presented as mean * standard deviation. Contrast sensitivity score was statistically significantly different between
different groups, Right eyes F(3, 44) = 181.551, p < 0.05, @* = 0,92 | eft eyes F(3, 44) = 132.189, p < 0.05,
w® =090  Binocular F(3, 44) = 64.074, p< 0.05, @* = 0,81 S score was decreased, from the Normal (M =
1.57, SD = 0.09) to the Early (M = 1.43, SD = 0.11), Medium (M = 1.09, SD = 0.12) and Advanced (M = 0,51, SD =
0.14) Right Eye group, in that order.
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CS score was decreased, from the Normal (M = 1.55, SD = 0.13) to the Early (M = 1.41, SD = 0.14), Medium (M =
1.13, SD = 0.25) and Advanced (M = 0,53, SD = 0.22) Left Eye group, in that order. CS score was decreased, from the
Normal (M = 1.80, SD = 0.13) to the Early (M = 1.52, SD = 0.12), Medium (M = 1.20, SD = 0.10) and Advanced (M =
0,61, SD = 0.21) Binocular group, in that order.

Turkey post hoc analysis revealed an decrease in CS values in all groups and every stage, which was statistically
significant p=0.000 < 0.05, p=0.005 < 0.05, p=0.026 < 0.05 with only one exceptions, in Binocular group the decrease
from Normal to Early (0,14, 95% CI, -0,71 to 0,35) , which was not statistically significant (p = 0.299). A paired-
samples t-test was used to determine whether there was a statistically significant mean difference between Right and
Left eyes, (-0,005+ 0,1825 ) and statistically significant increase of -0,005 (95% CI, -0.058 to 0,047), t(47)=-0,198,
p=0,844 > 0,05, d= - 0.027. There was no statistically significant difference in the means between Right and Left eyes.
A paired-samples t-test was used to determine whether there was a statistically significant mean difference between
Men and Women, (0,045+ 0,113 ) and a statistically significant increase of 0.045 (95% ClI, -0.001 to 0,093), t(23)=
1.984, p=0,059 > 0,05, d= 0.398. There was no statistically significant difference in the means between genders.

Normal CS values were compared with contrast sensitivity values in simulated AMD conditions to evaluate the
correlation between the AMD presence and CS decline in every stage of the disease. Results demonstrated that contrast
sensitivity decreases even in the early stage of AMD. In pathological conditions, the contrast sensitivity is reduced at
all spatial frequencies, but a number of different clinical conditions have a selective effect on different areas of the
CSF.

4.1 Conclusions

The result of the study is significantly useful in addressing the needs of investigation between control and elderly
groups, in order to identify its strengths and weaknesses, and the relevance of its competencies to the daily activities .
Based on the findings of the study the following conclusions were drawn.

Contrast sensitivity is considered as a necessary diagnostic and prognostic part for the clinical assessment of visual
function. It has been recognized in numerous studies that it offers more accurate information about the patient's visual
performance. In all stages of AMD simulation, a decreased sensitivity is revealed. The assessment of contrast
sensitivity can be a part of medical preventive eye care, furthermore for populations with limited access to public
health.

4.2 Recommendations

While the CS test is in progress under the AMD simulation effect , the participants in medium and advanced stages
have trouble knowing which letter is being tested. So it is clear that clinical groups with central field losssuch as AMD,
diabetes maculopathy, amblyopia, cataract have the same difficulty if many letters are present. Therefore recommended
to show one letter at a time. The participants before the examination must be rested, intense activities on the same day
or the previous without adequate rest will affect the reliability of the data, so it is advisable to postpone the
examination. Further, fatigue of participants or memorized answers can increase errors, so the researcher must be ready
to acknowledge the participants failure answers, double question for the letter reading is recommended. Future research
is proposed in a wider healthy sample over different periods of time to study environmental, hereditary and lifestyle
impacts in normal contrast sensitivity values. Finally we conclude the need for contrast sensitivity assessment to be
performed in clinical practice to prevent early stages of disease (age-related macular degeneration, cataracts, glaucoma)
that do not initially affect visual acuity and are difficult to diagnose in time.
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