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ABSTRACT 
 

Purpose: The aim of this study was the evaluation of different plastic optical materials and 
determination of their behaviour in front of the eye. The study was not for clinical screening but 
mainly for material determination purposes, where the contrast sensitivity function is inefficient and 
difficult to interpret.  
Methods: Thirty male and female subjects with no ocular or reported systemic abnormality were 
selected. Twenty-two lenses of +6.00D power, made from 8 different plastic materials following 

requested: specifications; were edged to round shape and decentred in order to produce a 9
∆ 

prism in front of the subjects’ eye. Measurements of every subject were repeated four times on 
Bailey-Lovie and Pelli Robson charts, for each lens used in the experiment 
Results: A significant decline of visual acuity in correlation to higher index plastic lenses was 
observed. Also we observed a similar visual acuity decline concerning aspheric design lenses, but 
with a little better performance than non-aspheric design lenses of the same index material. 
Conclusion: The hypothesis of this work was that the higher the index the more the chromatic 
aberration. The conclusion is that this hypothesis is quite correct. However, the measurement of 
visual performance is not a very easy task. The wearer may simply experience blur through the 
periphery of the lens without realising the cause, and therefore the symptoms described to the 
optician can be confusing. 
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1. INTRODUCTION 
 
To measure the clarity of vision or to assess the 
visual system’s ability to  
resolve detail, visual acuities should be taken on 
every patient. Visual acuity depends on the eye’s 
ability to focus images on the retina, the integrity 
of the eye’s neural components, and 
interpretation of images by the brain. In the same 
way we can evaluate the vision quality through 
different materials (different index and Abbe 
values) by measuring the vision acuity of same 
subject looking every time through a lens made 
of different material. Adoption of a standard 
procedure for the measurement of individual 
differences in acuity, which gives valid and 
precise measurements and at the same time is 
simple and practical, requires consideration of 
the following: selection of the most suitable type 
of test objects, specification of the range and 
gradation of the sizes of test objects required, 
standardization of the brightness of test object 
and background, as well as other variable factors 
in the test procedure [1,2].  
 
Several suggestions have been made for 
designing standardized VA charts [3,4]. These 
include proposals like having the same number 
of letters per row, uniform letter size progression, 
and constant inter-letter and inter-row spaces 
and finally the use of letters with nearly equal 
legibility. Furthermore, five letters per row has 
been considered to be most practical [4,5,6]. 
Therefore, letter sizes that follow a geometric 
progression whose ratio or multiplier is equal to 
0.1 log unit or multiples of 1.2589 have been 
recommended [3,4]. According to McMonnies 
and Ho (2000), clinical comparisons of visual 
acuity between right and left eyes have reduced 
validity when the same chart is used for both 
eyes, because the second eye result may be 
improved by memory of the just completed 
assessment of the first eye. Similarly, the validity 
of test - retest assessment of the same eye may 
be reduced by the introduction of memorisation 
effects, when the same chart is used on each 
occasion [7,8,9]. Ideally a second test should be 
completed using an equivalent version of the 
original chart construction. For example, an 
equivalent chart can be one that uses the same 
design but different sequences of the same 
letters [10,11,12]. Lack of equivalence of the 
same nominal lines for different versions of the 
same chart design may occur when chance 
combinations of easier or harder letters in 

particular lines give rise to significantly different 
total line difficulty [5,6,9]. 
 

1.1 Common Charts to Measure Visual 
Acuity 

 
Snellen acuity chart is the familiar chart with the 
single large optotype at the top. It is designed to 
test the size of letter that a person can read at a 
standard testing distance of 6 metres or 20 feet. 
Each letter on the chart has been given a specific 
size and is notated by a certain number. The 
bigger the number, the bigger the letter is on the 
chart. ‘Normal’ acuity of 6/6 or 20/20 is based on 
the resolution of a gap size of one minute of arc. 
Thus as one minute subtends 1.75 mm at 6 m, 
charts are usually constructed on a 5 x 5 grid so 
that the total height of a letter or symbol will be 
8.75 mm. 
 
The visual acuity test measures the smallest 
letters that you can read on  
a standardized chart at a distance of 6 metres 
(20 feet). Visual acuity (VA) is expressed as a 
fraction [7,8,9]. The top number refers to the 
distance you stand from the chart (Fig. 1). This is 
usually 6 m. / 20 feet. The bottom number 
indicates the distance at which a person with 
normal eyesight could read the same line you 
correctly read. The recorded ratio always shows 
the test distance (in metres or feet) as the 
numerator and the letter size as the denominator. 
For example 6/6 (or 20/20) is considered normal. 
6/12 (20/40) indicates that the line you correctly 
read letters at 6m (20 feet), could be read by a 
person with normal vision at 12 m. (40 feet). This 
means that a person with 6/6 (20/20) visual 
acuity can see the bottom letter no.6 at a 
distance of 6 metres. A person with 6/12 (20/40) 
vision can read the no.6 letter at a distance of 12 
metres (40 feet), and so on... 
 

Bailey-Lovie acuity chart (Fig. 2) is used less 
frequently than the Snellen chart. This chart 
differs from the Snellen in that the standard 
testing distance is 3 metres, instead of 6 metres. 
Doubling the VA’s as described above will put 
the VA’s in the familiar 6/6 format. Another 
difference is that the Snellen chart has an 
increasing number of letters per line as the 
letters get smaller. The Bailey-Lovie chart has a 
standard 5 letters on every line no matter the 
letter size. The theory is that with uniform letter 
and line spacing, the VA’s will be a more precise 
measurement of visual acuity. Regardless of the 
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differences, the VA’s are taken in the same 
manner as the Snellen chart. The letters used to 
construct the Bailey-Lovie charts have been 
described as having been found by experiment to 
be of similar legibility (British Standard 4274, 
1968) and as being of almost equal legibility 
[7,8]. Almost equal letter legibility would enable 

almost equal line difficulty to be achieved through 
random combinations of any five of the 10- letter 
set in each line. In a study using two equivalent 
versions of the Bailey-Lovie chart, significant 
differences in letter legibility were demonstrated 
and the distributions for lines of threshold acuity 
for each chart were not uniformly proportional [9]. 

 

.  
Fig. 1. Snellen acuity chart 

 

 
 

Fig. 2. Bailey-lovie acuity chart 
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1.2 Visual acuity vs. Contrast Sensitivity 
 
When an optometrist tests vision by asking 
someone to read a row of black letters on a white 
chart, what is being measured is visual acuity. 
Acuity is a measure of contrast sensitivity – the 
upper limit for detecting fine detail at high 
contrast. Much of what we see in the real world 
however has a much lower contrast and has an 
overall shape and form in addition to detail [13]. 
When one measures an observer's ability to 
detect objects of different sizes at lower 
contrasts, the result is a contrast sensitivity 
function (CSF). The size of an object can be 
quantified in terms of the size of its image on the 
retina, typically in degrees of visual angle. With 
periodic patterns, such as a sine-wave grating 
pattern, size is specified in terms of the number 
of cycles per degree of visual angle (c/deg). This 
is a measure of the pattern's spatial frequency. A 
cycle consists of one complete light-dark 
transition. Lower spatial frequencies correspond 
to wider bars and higher spatial frequencies 
correspond to narrower bars. Contrast refers to 
the difference in luminance between the lightest 
and darkest points in a cycle [14,15]. 
 
A CSF is typically obtained by measuring an 
observer's contrast detection threshold for a 
number of different grating patterns at different 
spatial frequencies. A CSF is a plot of contrast 
sensitivity as a function of spatial frequency. One 
interesting aspect of the CSF is that it peaks at 
intermediate spatial frequencies, about 3-4 
c/deg. In other words, we are best able to detect 
medium-sized objects when their contrast is low. 
As you might expect, we see smaller objects less 
well. The smallest objects that we can detect are 
around 50 c/deg and they can only be detected if 
their contrast is very high. In its simplest terms, 

contrast sensitivity refers to the ability of the 
visual system to distinguish between an object 
and its background. Contrast describes the 
difference in the average luminance between two 
visible areas. Contrast sensitivity is the measure 
of the ability to detect a difference in the 
luminance between two areas. If the two areas 
are adjacent to each other, the ability to detect a 
difference in luminance is called spatial contrast 
sensitivity. If the areas occur sequentially in time, 
the ability to detect a difference in luminance is 
called temporal contrast sensitivity [16].  
 

1.3 How to Assess Contrast Sensitivity  
 

Contrast sensitivity tests with letters as 
optotypes, such as the Pelli-Robson, are quick, 
reliable, and repeatable means for studying 
contrast sensitivity [15,16] and are often used in 
clinical research [17]. To ascertain whether a 
patient has decreased contrast sensitivity, 
normal values of the test must be available for 
comparison [18]. The Pelli-Robson contrast 
sensitivity test (Fig. 3) is a wall chart measuring. 
90 X 60 cm (36 X 24 inches). 
 

The chart comprises 8 lines of letters with 
different contrasts. Each line has 6 letters; the 
first 3 letters (a triplet) on the left have more 
contrast than the 3 letters on the right. The 
contrast also decreases downward from line to 
line. The size of the letters is 4.9 X 4.9 cm (2 X 2 
inches). The letters on the left of the top line 
have the highest contrast, 1 or 100%, and the 
letters on the right of the bottom line have the 
lowest contrast, 0.006 or 0.6%. The 
manufacturer recommends a testing distance of 
1 m, which corresponds to a spatial frequency of 
about 1 cycle per degree (cpd). An addition of 
+0.75 D can be used if a distance correction is 
needed [18].  

 

 
Fig. 3. The Pelli-Robson Chart (after Denis Pelli) 



 
 
 
 

Chandrinos; JMSRR, 8(4): 103-119, 2021; Article no.JMSRR.74551 
 
 

 
107 

 

The logarithmic contrast sensitivity value of the 
last triplet of which at least 2 letters are correctly 
seen is marked as the result. The luminance of 

the test should be 85 candelas/m
2 

(cd/m
2
); the 

accepted range is 60 to 120 cd/m
2 
[17,18].  

 

Contrast sensitivity can be examined using 
grating tests (eg, the Vistech) or optotype tests 
(eg, the Pelli-Robson). Grating tests define 
contrast sensitivity in different sizes of targets as 
several different cycles per degree. Contrast 
sensitivity measurements with grating tests 
usually start at 1.5 cpd and go up to 18.0 cpd (or 
even higher with computer-based equipment). 
The range of the contrast levels can be from 3 to 
0.004. The results give accurate information 
about the ability to see contrasts of small and 
large objects in the real world [19].  
 

The Pelli-Robson test with optotypes (letters) 
only measures 1 cpd region at a recommended 
distance, and the examination must be done at 
different distances if more cycles per degree are 
needed. The lowest contrast level of the Pelli-
Robson test (0.006) is adequate. The Regan test 
with optotypes (letters) measures several ranges 
of cycles per degree, but the contrast level is 
considerably higher than in the grating tests. 
Therefore, in measuring contrast sensitivity, 
grating tests would be better and more 
appropriate to use than optotype charts [17]. 
However, the examination with optotypes at a 
region of peak sensitivity, such as 3 cpd in the 
Pelli-Robson chart at 3 m distance, could give 
important information. It has been suggested that 
the scoring on the Pelli-Robson test would be 
more reliable if the number of all letters correctly 
seen was used [17,18]. However, the test’s 
instruction for scoring is to find the last triplet of 

letters at which at least 2 letters are correctly 
seen [17,19,20].  
 

1.4 Prisms and Vision  
 
Imagine an eye looking at a narrow line object, 
which emits white light of equal-energy spectrum. 
When a prism with its base-apex line 
perpendicular to the line object, is placed before 
the eye a retinal image consisting of the 
component wavelengths of the spectrum will be 
formed.  
 
Thus the line’s image has been ‘spread’ over a 
portion of the retina. This is due to transverse 
chromatic aberration, the effects of ocular 
aberration and diffraction being ignored 
[21,22,23]. Assuming the spectral sensitivity of 
the eye to be in accordance with the standard 
photopic spectral luminous efficiency, the 
strength of the visual stimulus due to each 
wavelength will be proportional to the 
corresponding luminous efficiency value. 
 
The line-spread functions for crown glass prisms 
of 6Δ and 12Δ  thus obtained, were shown by El-
Kadouri and Charman [22]. They showed also 
that a substantial loss of modulation transfer 
occurs at spatial frequencies <c/deg (the visually 
significant frequencies), even with 6Δ prisms  
(Fig. 4). 
 

Contrast sensitivity has also been used 
experimentally to determine the degradation of 
the retinal image. The results of these 
experiments showed a loss of modulation 
transfer, which increased with prism power, and 
probably also with reducing constringence 
[24,25]. 

 

 
 

Fig. 4. Retinal line spread function (left panel) for transverse chromatic aberration produced by 
crown glass prisms. Ordinate, angular distance (min arc); abscissa, relative illuminance; 

dashed line, without prism. Modulation transfer function (right panel) for prisms. Ordinate, 
spatial frequency (c/deg); abscissa, modulation transfer; dashed line, for white light (After 

Charman and El-Kadouri.1984) 
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According to Fonseka, Khosravi in 1988 found a 
small but statistically insignificant reduction in 
Snellen letter acuity when a prism was placed 
before one eye [25]. However, Davis and Clotar 
(1956), and Meslin and Obrecht (1988) found 
that when chromatic aberration reaches a value 

of about 0.1 
∆ 

(which can be caused by a 6 
∆ 

crown glass prism), VA is significantly affected 

[26,27]. Jalie (1987) also gave 0.1 
∆ 

as tolerance 
for transverse chromatic aberration, without 
quoting evidence [28,29,30].  
 

2. METHODS 
 
2.1 Measuring Visual Acuity 
 
The simplest method for computing the proper 
average visual acuity from any notation is to 
convert the value to the LogMAR equivalent and 
then take the average of the LogMAR values. 
The easiest way to compute the LogMAR value 
is to convert to decimal notation and then take 
the negative of the logarithm, e.g, 6/6 = 1 and the 
log of 1 is 0, and 6/60 = 0.10 and the negative of 
the log is +1.0. The average of 0 and +1.0 is 0.5 
LogMAR units. Converting back from the logMAR 
value of 0.5, the corresponding visual acuity is 
6/18.9, the correct geometric average [31]. 
 

It is common for visual acuity sets to include 
values in which the patient did not read all of the 
letters on a single line correctly. Although 

recording the last line that was read completely 
or the majority of letters (three out of five) is an 
acceptable method, it reduces the precision of 
the measurement —similar to rounding off 
laboratory measurements. A more accurate 
method is to interpolate between the values of 
the LogMar acuity using the fraction of the 
number of letters read correctly on a visual acuity 
line. For example, suppose our acuity chart had 
five letters on each visual acuity line and the 
patient read all of the letters on the 6/15 (LogMar 
+0.4) line, but only three of the five letters on the 
6/12 (LogMar +0.3) line. Three-fifths (3/5 = 0.6) 
of the way from LogMar +0.4 to +0.3 is LogMar 
+0.34. The LogMar value of +0.34 is the correct 
value for this patient’s visual acuity. 
 
For studies that involve large databases, where 
converting these values manually is tedious, 
there are published formulas that allow direct 
conversion from the Snellen acuity value to the 
interpolated LogMar value 0.6 These formulas 
only work if there are an equal number of letters 
on a line, as there are on the Bailey-Lovie visual 
acuity chart (1976) and other standardized charts 
[32]. 
 
Unfortunately, if the number of letters on the 
acuity chart is not equal on each line (as occurs 
on many projected and wall charts), then a table 
must be created that shows the conversion 
interpolation for each line, and a single formula is 
not possible. 

 
Table 1. Corresponding visual acuities (after Holladay) [31] 
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Table 2. Visual acuity data for theoretical 
eyes (after Holladay) [31] 

 

 

 
 

3. MATERIALS AND SUBJECTS 
 

3.1 Bailey – Lovie Chart 
 

Thirty male and female subjects, ranging in age 
18 to 30 years, were selected. Subjects had no 
ocular abnormality by direct ophthalmoscope, no 
reported systemic abnormality and were taking 
no ocular or systemic medications. Subjects with 
any visual complaints were excluded. Contact 
lens wearers were accepted. Subjects had no 
suppression as tested by viewing targets 
simultaneously seen through polarising filters. 
Central or eccentric fixation was not checked. 
However, the logMAR acuity of either eyes could 
not be worse than 0.2 (i.e. Snellen notation of 
6/9.5) so as to eliminate amblyopic subjects [33].  
 

Each subject was refracted; the monocular 
subjective prescription to “maximum acuity” 
without balancing was recorded for each eye. 
With the prescription in a trial frame (Fig. 5), 
monocular VA was recorded using a Snellen type 
chart at 6 m., converted to logMAR visual acuity 
and the values were recorded to the nearest 
letter. Four Snellen charts with different 
combinations of letters were used to eliminate 
the possibility of correct identification of letters by 
memory. The subject’s head was fixed using a 
headrest and he/she was reminded to keep both 
eyes open throughout the test. 
 

Initially, forty subjects were examined altogether; 
data of ten were excluded because of unstable 
responses and/or because fewer than six 
reversals were obtained. The mean age of thirty 
accepted subjects was 22.48 (SD: 1.82) years. 
Seventeen were females and the remainder were 
males.  
 

3.2 Pelli-Robson Chart 
 

Seven subjects, who were naïve to the purpose 
of the experiment, participated in the study after 

giving informed consent. All subjects were 
carefully at first refracted at 4 m, the usual 
viewing distance. To determine the subjective 
refraction we used the typical clinical approach of 
highest plus/lowest minus spherical power 
commensurate with maximal visual acuity, 
careful cross-cylinder determination of correcting 
cylinder power and axis while viewing concentric 
ring targets and binocular balancing to reduce 
any accommodation. Though there is the 
possibility of errors in the determination of the 
subjective refraction [34], our confidence in the 
determination of the appropriate refractive 
correction was verified by measurements of 
ocular aberrations of the subjects [33,35].  
 

During contrast sensitivity measurements each 
subject was seated, the non checked eye 
patched, head and eye movements were not 
restrained and contact lenses were worn, if 
needed. Subjects monocularly viewed the 
contrast sensitivity chart. Pupils of the subjects' 
eyes, measured using comparison hemi-circles 
ruler with 0.5 mm increments, ranged between 3 
and 6 mm under average room illuminance of 40 
lux used in most experiments [36]. Contrast 
sensitivity was measured with best correction. As 
the letter size on a Pelli–Robson letter contrast 
chart (Pelli et al., 1988) is fixed; we altered the 
spatial frequency content of the letters by altering 
the distance of the subject from the chart 
[37,38,39]. The two-dimensional spatial 
frequency spectrum of letter targets is relatively 
complex. An important feature of these spectra is 
the "fundamental" peak of the familiar square-
wave spectrum, which is related to the width of 
the bars or strokes composing the letters. For 
example, at 1 m the fundamental peak is at 
approximately 1 cpd, and at 4 m it is at about 3.6 
cpd [40]. 
 

Letter contrast sensitivity was measured using 
the Pelli-Robson Chart [39] under the 
recommended conditions and at a working 
distance of one metre. Subjects were required to 
identify the letters and were encouraged to look 
at a line of letters for at least 20-30 s and forced 
to guess when they were not sure, as scoring 
depends upon a forced choice paradigm. Letter 
contrast sensitivity was determined where each 
letter counted as 0.05 log units as recommended 
by Elliott et al. (1991) and confusions between 
the letters O and C were ignored [41].  
 

3.3 Edged Lenses  
 

Twenty-two lenses made from 8 different plastic 
materials were obtained from our suppliers. The 
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following specifications were requested: power 
+6.00D; edged to round shape of 38 mm. in 
diameter (Fig. 6) and decentred in order to 

produce a 9
∆ 

prism in front of the subjects’ eye, 
after placing in the trial frame. To avoid defocus 
a minus equal lens (-6.00D) was used in the trial 
frame to neutralise the focal power of the prism 
lens.  It was confirmed by inspection that all 
lenses met these specifications. The lenses were 
coded and tested in a different random order in 
each phase of the experiment.  
 

3.4 Repeatability  
 
Measurements of every subject were repeated 
four times on Bailey-Lovie and Pelli Robson 
charts [39], for each lens used in the experiment 
to achieve reliable results. Reeves et al, in their 
study (1993) in order to measure the reliability, of 
several clinical tests, which use high- and low-
contrast letters, and to provide an estimate of 
what constitutes a significant change in 
performance over time, recruited patients so that 
the results would be representative of the 
population [41].   
 
Sukha and Rubin in recent study (2017), which 
investigates test–retest reliability of contrast VA 
in healthy adults in a clinical setting, suggested 
good reliability of test and retest measurements 
of contrast VA in an adult clinical population. 

They also implemented two measurements (test 
and retest) per chart for the compensated right 
eyes of each of the participants [42]. On the 
other hand, in Osman et al. study (2021), which 
aims to compare the contrast sensitivity results 
and test/retest ±limits of agreement for the Ohio 
Contrast Cards and the Pelli-Robson letter 
contrast sensitivity chart, on two challenging 
groups of participants, tests were each 
performed twice by two different examiners 
within one visit [43] 
 

3.5 Chart Projector  
 

VA was measured with letter charts’ wall-display 
using a Nikon NP-3S chart projector. The acuity 
charts consisted of high contrast black letters on 
a white background. Each row consisted of five 
letters (No 4 and 5 on Fig. 7) and, from top to 
bottom, decreased in size by a constant factor 
(0.1 log unit per row).  
 

Letter sequence was varied from trial to trial to 
discourage learning effects. Testing was 
conducted in an otherwise dark room at a 
distance of 6 m. Each subject was instructed to 
start from the top of each chart and read down as 
far as possible, and was encouraged to guess 
when unsure. Scoring was conducted by letter 
with a precision of 0.02 log units (0.1 log units 
per five letter row). VA was scored as the log of 
the minimum angle of resolution (logMAR). 

 

 
 

Fig. 5. Lens edged to round shape and placed on trial frame  
 

 
Fig. 6. Lenses edged to round shape in order to be placed in trial frame 
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Fig. 7. Nikon NP-3S chart projector with projected optotypes consisted of high contrast black 
letters on a white background (and five letters at each row for No.4 and No.5) (After Nikon NP 

instructions manual) 
 

4. RESULTS 
 
4.1 Bailey-Lovie Chart  
 
In Table 3, all VA measurement results for 30 
participants are presented. Table also includes 
results for the seven different samples and VA 
measurement without the sample lenses (VA 
cor). 
 
Table 4 illustrates the commercial plastic lenses 
used for the samples. The aspheric design is 
illustrated in italics. Before entering the test all 
subjects had an interview and their VA was 
recorded. Some of them wore contact lenses and 
the test took place over the contact lenses. The 
records of the prior interview and the test results 

entered up to a special form (questionnaire) for 
later analysis. 
 

In Fig. 8, we observe a significant decline of 
visual acuity in correlation to higher index plastic 
lenses like Ormex (1,56) and Pentax (1,60). 
Against to what we expected from a lens such as 
Polycarbonate having an Abbe value of about 31, 
we notice that its performance comes better than 
Pentax but still worse than Ormex. 
 

In Fig. 9, we observe a similar graph of Visual 
Acuity decline (in LogMAR units) but concerning 
Aspheric design lenses. The inclination presents 
a steeper decline and a performance a little 
better than non-aspheric design lenses. Αfter all, 
Fig. 10 illustrates the comparison of %VA 
decrease to corresponding Abbe number.  
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Table 3.  Results for 30 subjects’ VA measurement after samples (VA1-7) and without sample 
lens (VA cor) 

 

 
 

 
 

Sola 
CR-39 

Sola 
Asph 

Essilor 
Ormex 

Essilor 
Poly-C 

Pentax 
HIX 

Pentax 
Asph 

Hoya 
Teslalid 

1.498 1.54 1.56 1.59 1.60 1.67 1.71 

Subject 
a/a – Gend. 

VA 
Cor. 

VA 1 
 

VA 2 
 

VA 3 
 

VA 4 
 

VA 5 
 

VA 6 
 

VA 7 
 

1 M 0 0.2 0.2 0.2 0.32 0.24 0.24 0.26 
2 M 0 0.2 0.2 0.18 0.26 0.26 0.22 0.26 
3 F 0.16 0.3 0.24 0.3 0.34 0.36 0.24 0.32 
4 M 0.16 0.16 0.2 0.2 0.32 0.34 0.32 0.34 
5 M 0.02 0.1 0.2 0.3 0.4 0.42 0.32 0.36 
6 M 0.02 0.1 0.16 0.16 0.22 0.24 0.3 0.32 
7 F 0 0.16 0.2 0.22 0.3 0.32 0.32 0.38 
8 F 0.1 0.2 0.28 0.24 0.32 0.34 0.32 0.34 
9 F 0.06 0.16 0.24 0.2 0.24 0.26 0.24 0.3 
10 M 0.16 0.15 0.24 0.2 0.26 0.26 0.24 0.26 
11 M 0.02 0.1 0.1 0.16 0.2 0.22 0.22 0.24 
12 M 0 0.2 0.2 0.2 0.24 0.22 0.22 0.32 
13 F 0.1 0.24 0.2 0.2 0.2 0.24 0.2 0.2 
14 M 0 0.2 0.16 0.2 0.2 0.2 0.2 0.24 
15 M 0.01 0.16 0.16 0.22 0.3 0.26 0.24 0.32 
16 F 0 0.1 0.1 0.16 0.22 0.16 0.22 0.24 
17 F 0.16 0.1 0.16 0.2 0.3 0.21 0.3 0.3 
18 M 0 0.1 0.1 0.16 0.22 0.16 0.2 0.22 
19 M 0.16 0.16 0.2 0.16 0.22 0.2 0.24 0.21 
20 F 0.1 0.16 0.2 0.16 0.3 0.2 0.24 0.2 
21 M 0 0.1 0.16 0.16 0.21 0.2 0.2 0.21 
22 F 0 0.2 0.22 0.2 0.3 0.24 0.32 0.24 
23 M 0 0.1 0.1 0.16 0.2 0.16 0.2 0.2 
24 F 0.1 0.16 0.16 0.2 0.24 0.2 0.3 0.32 
25 M 0.1 0.16 0.16 0.2 0.2 0.2 0.2 0.22 
26 F 0.1 0.2 0.2 0.2 0.3 0.22 0.24 0.24 
27 M 0 0.2 0.21 0.16 0.24 0.22 0.24 0.24 
28 M 0.16 0.2 0.16 0.2 0.22 0.2 0.22 0.16 
29 F 0 0.1 0.16 0.2 0.2 0.16 0.2 0.16 
30 F 0.06 0.16 0.22 0.16 0.16 0.16 0.2 0.2 

 
Fig. 8. Correlation between Visual Acuity and Abbe number in Plastic Lenses 
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Table 4. Commercial plastic lenses used for samples lenses. (Lenses in Italics are of aspheric 
design) 

 

Trade name nD ρ (gr.cm-3 ) Abbe 

Low Index    
Sola CR-39 1.498 1.32 58 
Medium Index    
Spectralite ASL 1.54 1.21 47 
Middle Index    
Essilor ORMEX 1.56 1.23 37 
Poly-C Mid. Index    
Essilor Airwear 1.59 1.20 31 
Mid-High Index    
Pentax 1.6 HIX 1.60 1.34 36 
High Index    
PENTAX HIX Asph 1.67 1.35 32 
Very High Index    
Hoya Teslalid 1.71 1.40 36 

 

 
Fig. 9. Correlation between Abbe Value and Visual Acuity reduction for Aspheric design Plastic 

Lenses 
 

 
 

Fig. 10. Comparison of % Visual Acuity decrease and Abbe Value 
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4.2 Pelli-Robson chart 
 
Table 5 demonstrates the scores for seven 
subjects with and without the sample lenses. The 
Pelli-Robson chart was placed in 1 m distance. 
The result paper is illustrated in Table 6. The 
numbers on both sides give the logarithmic 
contrast sensitivity corresponding to the 
neighbouring group of 3 letters. For instance, the 
number 0.60 next to the letters SCN [17] 
indicates a contrast of 1/10 0.60 = 0.25 or 
contrast of 25% for those letters. 
 

The numbers on both sides give the logarithmic 
contrast sensitivity corresponding to the 
neighboring group of 3 letters. For instance, the 
number 0.60 next to the letters SCN [17] 
indicates a contrast of 1/10 0.60 = 0.25 or 
contrast of 25% for those letters. 
 

The currently available test that best meets the 
requirements laid out above is the Pelli-Robson 
chart [39,44]. This test measures contrast 
sensitivity for a single (large) letter size. 
Specifically, the chart uses Sloan letters (6 per 
line), arranged in groups whose contrast varies 

from high to low. The chart is simple to use, 
because the subject simply reads the letters, 
starting with the highest contrast, until she or he 
misses two or three letters in a single group. 
Each group has three letters of the same 
contrast level, so there are three trials per 
contrast level. The subject is assigned a score 
based on the contrast of the last group in which 
two or three letters were correctly read. The 
score, a single number, is a measure of the 
subject's log contrast sensitivity. Thus a score of 
2 means that the subject was able to read at 
least two of the three letters with a contrast of 1 
percent (contrast sensitivity = 100 percent or      
log 0). 
 
In the instructions, most contrast sensitivity tests 
recommend a luminance level at which to 
administer the test. In the Pelli-Robson test, the 
recommended luminance is 85 cd/m2 [45,46]. 
However, under photopic conditions, contrast 
sensitivity results on the Pelli-Robson were 
almost the same at luminance ranging from 7 to 
514 cd/m2 [37]. In this study the luminance level 
was exactly 100 cd/m2 and the room level at 
about 20 cd/m2. 

 
Table 5. Results for 7 subjects’ logarithmic contrast sensitivity samples (1-7)  

and without sample lens (contrast norm cor.) at 1 m 
 

  Sola 
CR-39 

Sola 
Asph 

Essilor 
Ormex 

Essilor 
Poly-C 

Pentax 
HIX 

Pentax 
Asph 

Hoya 
Teslalid 

1.498 1.54 1.56 1.59 1.60 1.67 1.71 

Subject Contrast 
Norm –  
cor. 

Sample 
1 

Sample 
2 

Sample 
3 

Sample 
4 

Sample 
5 

Sample 
6 

Sample 
7 

1 1.65 1.50 1.35 1.35 1.20 1.20 1.20 1.20 
2 1.50 1.35 1.35 1.20 1.20 1.20 1.05 1.05 
3 1.65 1.50 1.35 1.35 1.20 1.20 1.20 1.20 
4 1.60 1.35 1.20 1.20 1.20 1.20 1.05 1.05 
5 1.65 1.50 1.35 1.35 1.20 1.20 1.20 1.20 
6 1.80 1.65 1.50 1.50 1.35 1.35 1.25 1.25 
7 1.65 1.50 1.35 1.20 1.20 1.20 1.20 1.20 

 
Table 6. Part of the result paper of the Pelli-Robson contrast sensitivity test 

 

% logCS PELLI-ROBSON logCS % 

100 0.00 V R S K D R 0.15 75 
50 0.30 N H C S O K 0.45 35.5 
25 0.60 S C N O Z V 0.75 18 
12.5 0.90 C N H Z O K 1.05 9 
6 1.20 N O D V H R 1.35 4.5 
3 1.50 C D N Z S V 1.65 2.2 
1.6 1.80 K C H O D K 1.95 1.1 
0.8 2.10 H S Z D S N 2.25 0.56 
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5. DISCUSSION 
 
In the laboratory, contrast sensitivity is usually 
measured psychophysically, using patches of 
grating (bars) that vary over a wide range of 
sizes (spatial frequencies). Typically, the gratings 
are computer generated and displayed on a 
computer screen or cathode ray tube. This allows 
the experimenter to construct a contrast 
sensitivity function. However, this study was not 
for clinical screening, but mainly for material 
determination purposes where the contrast 
sensitivity function is inefficient and difficult to 
interpret. Moreover, the typical laboratory test for 
it requires sophisticated and specialized 
equipment.  Ideally, a contrast sensitivity test for 
material performance determination should 
satisfy several criteria. It should be simple to 
administer, requiring no sophisticated electronic 
or computer equipment, well standardized, 
reliable, valid, sensitive to visual loss, and 
relatively insensitive to changes in focus, viewing 
distance, and illumination. It should provide a 
single score that is meaningful and can easily be 
compared with extensive normative data and 
should provide information about visual function 
not captured by other tests (such as high 
contrast acuity). 
 
The Pelli-Robson chart is quick and easy to 
administer. Because it is based on reading 
letters, it can be easily administered to anyone 
who is literate; however, it is not useful with 
nonverbal individuals or those who are unfamiliar 
with the alphabet. It is simple, efficient, and 
provides user-friendly information by providing a 
single number to describe the observer's contrast 
sensitivity. The chart has been extensively 
normed and validated, and there is now an 
extensive literature on the reliability and validity 
of the test. It is actually a measure of the height 
of the contrast sensitivity function, similar to 
measuring contrast sensitivity for a luminance 
edge. Thus, it should be sensitive to losses that 
affect low and medium spatial frequencies, 
losses that might not be evident for high-contrast 
acuity, thus providing information not captured by 
acuity testing. The Pelli-Robson chart provides a 
graded index of performance (log contrast 
sensitivity. 
 
Contrast sensitivity measures provide information 
that is related to, but is also distinct from, high-
contrast visual acuity measures. For example, a 
number of studies have reported that the 
correlation between high-contrast acuity and 
contrast sensitivity is of the order of 0.5 to 0.6 

[47,48]. It is widely believed that letter contrast 
sensitivity (as assessed by Pelli-Robson) reflects 
the contrast sensitivity near the peak of the 
contrast sensitivity function, while high-contrast 
letter acuity probably reflects sensitivity at high 
spatial frequencies. Does contrast sensitivity 
provide a unique measure of disability? It 
subsumes visual acuity. Thus an individual with 
visual acuity poorer than 20/200 is likely to have 
reduced contrast sensitivity, and one with a 
visual acuity of 20/40 or better is unlikely to have 
significantly reduced contrast sensitivity. 
  
However, between those limits (acuity between 
about 20/50 and 20/100), contrast sensitivity may 
distinguish individuals with visual impairment 
from those with no impairment; in other words is 
evident that it will affect their contrast sensitivity 
scores. For example, people with multiple 
sclerosis [49,50] or visual pathway disorders 
[48,51] may show significant contrast sensitivity 
loss with little visual acuity loss and, so in order 
to evaluate the performance using visual acuity is 
very important to be sure about the subjects’ 
visual health. 
 

6. CONCLUSION  
 
The hypothesis of this work was that the higher 
the index the more the chromatic aberration. The 
conclusion based on the discussion above is that 
this hypothesis is quite correct.  
 
However, many important conclusions were 
obtained through this study. First, that chromatic 
aberration, as was expected, reduces visual 
acuity. Of course in aspheric design we notice a 
slight improvement, but still far from CR-39. The 
high and low contrast acuity loss when wearing 
prisms is mainly the result of distortion and 
chromatic aberration. Wright et al. (2008) studied 
τhe distortion effect and the chromatic dispersion 
[52].  
 
Additional factors such as reflection from the 
prism facets, secondary refraction at the prism 
facet bases, diffraction of light by the grooves in 
Fresnel prisms, observers' direction of gaze and 
prism area variations are potential causes for a 
greater acuity reduction with the prism [53]. 
 

Therefore, the greater high and low contrast 
acuity reduction with prisms in this study, is 
mainly the result of chromatic dispersion than of 
reflection from the prism facets, secondary 
refraction at the prism facet bases and diffraction 
of light by the grooves. And that is because 
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mainly the prisms are of the same power and 
size, worn at the same distance and the only 
difference is the Abbe value due to the material. 
The advantage of measuring a CSF, as opposed 
to a simple measure of acuity, is that it describes 
how the visual system performs at lower 
contrasts and at a range of spatial frequencies. 
The measurement of acuity provides only one 
point on the CSF. So we can be more accurate 
to visual acuity decline due to the material of 
lenses used. 
 
Measurement of CSF reduction with prism does 
need care. As shown by Tang and Charman 
(1992), if gratings are used, then there is a 
considerable reduction in CSF if the prism base 
is perpendicular to the grating [54]. If the prism 
base is parallel to the ‘lines’ of the grating, then 
the effect is much reduced. Thus there is a great 
advantage is using targets such as the Pelli-
Robson chart where there is not the same 
orientation specificity. 
 
The goal of this study was to attempt an 
evaluation of the optical performance of plastic 
lenses in correlation to the high refractive index 
and consequently the chromatic dispersion of the 
material, and in that I think we were successful. 
The experiments performed in the study 
confirmed that as the index of refraction 
increases (consequently the Abbe decreases) 
there is a consequent trend to reduced visual 
performance.  
 
Although we can measure the optical 
characteristics of lens materials, it  
still does not tell us what the real impact is on the 
wearer. It might be thought that a material with 
an Abbe value of 30 would be half as successful 
from the wearer’s point of view as one with a 
value of 60. However anecdotal evidence does 
not support this hypothesis, and reports of optical 
problems being noted by wearers of high index 
lenses are limited. But this does not mean they 
do not occur the problem is that transverse 
chromatic aberration induced by a low Abbe 
number is just one of a number of aberrations to 
which spectacle lenses are prone. The wearer 
may simply experience blur through the 
periphery of the lens without realising the cause, 
and therefore the symptoms described to the 
optician can be confusing. Furthermore, single 
vision lens wearers can easily develop a coping 
strategy where they simply turn their head for 
clearer vision through a point on the lens free 
from obvious aberration [54]. 
 

Perhaps the lens wearers of most interest are 
users of bifocal or progressive lenses. Here, the 
near zones of the lenses are typically some 
distance from the optical centre of the major 
portion, and hence prone to transverse chromatic 
aberration.Thus the proposed next experiment 
would be to compare a group of presbyopes with 
two versions of the same design of progressive 
lens. One would be normal index CR39, the 
other a high index material with a low Abbe 
number. The ideal comparison would be 
Polycarbonate, as that has a low Abbe number 
without a large change in refractive index [55]. 
Hence the overall lens design in the two 
materials would be similar. Near vision contrast 
sensitivity testing would then give a good 
indication of the effect of chromatic blur. 
 
Ιn conclusion, it is perhaps ironic that high 
refractive index materials were developed when 
large aperture spectacle frames were 
fashionable. With small frames probably there is 
very little requirement for such materials in the 
vast majority of prescriptions. But fashion turned 
again to large frames, and these lens materials 
now came into their own. 
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