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ABSTRACT

Correction of astigmatism in aspheric spectacle lenses has been proposed using a variety of different
surfaces, including toroidal, sphero-cylindrical, ellipsoidal, and combination ones. The optical properties of
four pairs of glasses for people with astigmatism were standardized. Power maps in spherical and cylindrical
coordinates were generated by measuring the rear surfaces of aspheric spectacle lenses using a freeform
measurement equipment. The data was analysed statistically using customised software. In a randomised,
blinded, crossover clinical investigation, 28 participants' astigmatic vision was tested on consecutive days
with full sphero-cyl correction and under correction by 0.25, 0.50, and 0.75 DC while maintaining spherical
equivalence. The axis was off by 10 degrees in both directions (-30 and +30). Participants rated each setup
on a scale from 1 to 10 for clarity, satisfaction, and acceptability of vision at 6 meters. Visual acuity was
also tested at both high and low contrast. The three groups of cyl concentration had their visual performance
compared using linear mixed models. Specifically, when stimuli were situated closer to, and more than 24
degrees from the center of the screen in dexterity and beyond, ANOVA and SDT analyses showed that
visual performance was reduced.

Key Words: astigmatism, visual performance, astigmatism correction, adaptive optics, astigmatism and
coma

INTRODUCTION

Images formed by point sources located at infinite distances are distorted into two little perpendicular light
segments in eyes with astigmatism. These pictures are separated by a distance that varies with the degree of
astigmatism along the optical axis. Astigmatism is commonly categorized according to whether the axis of
the condition is a) with the rule (WTR), b) against the rule (ATR), or c) oblique (OBL). Meridional blur
caused by astigmatism is a key factor in how it affects vision. Astigmatism has orthogonal focal planes.
When the myopic meridian is more apparent, the vertical features are blurred in the case of ATR and the
horizontal details are blurred in the case of WTR.

Astigmatism is fairly frequent among young adults, albeit it is usually mild. Adults under the age of 40 are
more likely to have a WTR astigmatism than those over 40. However, as people age, the major axis of
astigmatism shifts to the ATR (in adults older than 40 years). In older people, there is a noticeable variation
in the position of the astigmatic axis, which is thought to result from changes in corneal curvature.
Astigmatism can be corrected optically in a number of ways from glasses to contacts to refractive surgery.
Astigmatism correcting glasses typically have a cylindrical or toroidal lens, with the maximum and
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minimum powers of the cylindrical lens lying on orthogonal axes. To correct for astigmatism, a cylindrical
lens must have its axes coincide with the eye's.

In the past, spherocylindrical lenses were used to correct astigmatism. These lenses perform like a hybrid of
a standard spherical lens and a standard cylindrical lens. The precise definition of spherocylindrical surfaces
that are optimal for achieving rectification is typically challenging and complex. To create a toric surface,
we simply rotate the circle around an axis that does not pass through its center. For this reason, its two
primary parts have distinctively different radii of curvature. When it comes to correcting visual defects in all
directions, these toric surfaces fall short, especially in the case of high-vertex dioptric power spectacle
lenses. The cornea of the eye has an elliptical shape. Since this is the case, spherical, toric, and parabolic
lenses have not proven successful in solving the primary problem of creating eyewear that fits the human
eye more precisely. It has been discovered that (a) contact lenses with inner elliptical surfaces significantly
improve comfort and wear time by more closely mimicking the shape of the cornea of the human eye, and
(b) ellipsoids are a better approximation for the shape of the surface of the cornea of the human eye. While
these surfaces are incredibly useful, their production in the last century has necessitated the use of complex
machinery and time-consuming procedures, driving up the price tag.

In order to facilitate a decision throughout the design, manufacturing, and testing phases, presented
spherocylindrical, toroidal, and ellipsoidal surfaces and their associated and unique features. Using an
analytical approach, demonstrated the dissimilarity amongst toroidal surfaces, the outside regions of
spherical cylindrical surfaces were shown to be distinct from the central area. built an anamorphic version of
the Ritchey-Chretien telescope by analysing the many assumptions made about the way biconic surfaces
merge two separate profiles into one. substantially aspherical or slope-constrained (relative to the best-fit
sphere) rotationally symmetric surfaces to characterize form and found that an orthogonal basis greatly
improved efficiency and numerical robustness. The polynomial derivatives were then utilized to
characterize the forms of rotationally symmetric aspheres, with applicability to a broad class of freeform
optics. To address this issue, offered a technique that brings the unique, all-optical expanded depth of a focal
length developed for digital imaging to the area of ophthalmology. From this framework, he was able to
offer the vision solutions needed to create specialized eyewear that could correct typical ophthalmic issues
like myopia, presbyopia, and regular/irregular astigmatism.

In this research, We created aspheric spectacle lenses for astigmatism correction and compared their
performance using toroidal, spherical, ellipsoidal, and mixed surfaces. The same parameters were used to
create four different pairs of modern aspheric spectacle lenses. Spectacle lenses with aspheric optics were
measured and converted based on the FMM approach so that they would have the appropriate optical
qualities. The data was evaluated using commercial software, which brought together the front and back
faces based on the measurements. The spherical and cylindrical powers of the surface shape can be
measured in a consistent manner across all four astigmatic optical surfaces by combining experimental and
theoretical data.

LITERATURE REVIEW

Nicolas Alejandre (2022) The goal of this research was to compare the effects of various ICRS
combinations on keratoconus patients' corneal morphology and visual acuity. The ICRS disposition and
surgical zone diameter were used to categorize a total of 124 eyes from 96 patients into 7 groups for
analysis (5- and 6-mm). A full ophthalmological evaluation was performed both before and after the
procedure. Dimensions, symmetry, and volume of the cornea were measured. Optical aberrations and the
Visual Strehl ratio were analyzed using a computer-generated ray-tracing model constructed using Zernike
polynomials (VS). Significant corneal flattening was caused by ICRS, with the effect being greater on the
anterior corneal radius (+0.38 mm, P 0.001) than on the posterior corneal radius (+0.15 mm, P 0.001). For a
surgical zone of 6 mm in diameter, asphericity changed more (from 1.23 1.1 to 1.86 1.2, P 0.001) than it did
for a zone of 5 mm in diameter (from 1.99 1.1 to 2.10 1.5, P = 0.536). Average astigmatism correction was
2.05 D (P 0.001). Astigmatism correction was best achieved with combination four. On average, the coma
improved by 30%, and with the first combination, it improved by 51% (P 0.05). Best corrected visual acuity
improved from 0.57 to 0.69, and VS changed from 0.049 to 0.065, indicating a substantial improvement in
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the patients' visual ability. In order to get the best results, ICRS combinations should be implanted within a
5 mm diameter zone, which is the optimal depth for corneal flattening, while those implanted on a 6 mm
diameter can still reduce astigmatism effectively and are a suitable option for minor amounts of asymmetry
and flattening. If you want to correct an irregular corneal surface, asymmetrical implant combinations are
your best bet. Research techniques and measures from the field of optical science are used to regular clinical
work in this investigation.

Sangkyu Son et.al (2022) Commonly known as "astigmatism," this condition occurs when the image on the
retina is blurred along one meridian due to the presence of two or more focus points. Some components of
astigmatic vision, such as orientation perception, are impaired at the level of the retinal picture;
nevertheless, the visual system seems to partly recover perceptual impairment after a lengthy duration of
astigmatism. However, how persistent astigmatism may be treated to improve orientation perception is yet
unknown. To investigate the dramatic decrease in perceptual error in chronic astigmatism, we compared the
orientation perception of a group with chronic astigmatism to that of a group with normal vision in which
astigmatism was transiently produced. We discovered that the chronic group had better orientation
perception than the normal eyesight group. Retinal pictures had various levels of noise in different
meridians, but once these inaccuracies were addressed, the perception of orientation became much more
consistent across all orientations. Here, We suggest that the correction of astigmatic orientation perception
may be understood mechanistically as an adaptation of the brain to the skewed distribution of orientations.

Uwe Kampf DSc et.al (2022) The goal of this research was to evaluate the efficacy of pleoptic exercises
combined with traditional occlusion as a new therapy for meridional amblyopia. Computer games may be
used to improve children's visual acuity using a method called foveal ambient visual acuity stimulation
(FAVAS), which employs a background pattern of sinusoidally modulated circular gratings to maintain the
child's visual fixation. We compared the therapeutic effectiveness of moving gratings to that of stationary
gratings by measuring the improvement in best-corrected visual acuity (BCVA) between individuals treated
with the former and those treated with the latter. Patients with both amblyopia and astigmatism were
randomly assigned to one of two groups, with both groups undergoing the identical occlusion therapy. In a
crossover design with occlusion, one group engaged in a 10-day series of Moving exercise followed by 10-
days of Stationary exercise, whereas the other group did the opposite. The alignment of the least ametropic
meridian was compared to that of the most ametropic meridian in both groups to determine the training's
influence on BCVA. We used a visual test inventory that is sensitive to changes in visual signals as they
travel in various directions to measure the patients' monocular BCVA over four meridians. The Moving-
Stationary group consisted of seventeen children aged 10 to 13. The Stationary Moving group consisted of
20 children aged 9-14.

Li Gu et.al (2021) Previous research has shown that early-life orientation-specific deprivation can cause
neuronal deficiencies of spatial vision in some spaces, and in extreme cases, can cause meridional
amblyopia (MA). If you want to learn more about the asymmetrical growth of human spatial vision,
astigmatic people are the best and most natural subjects for study. In this experiment, participants with
regular astigmatism will have their vision corrected optically, and then their contrast sensitivity function and
EEG signals will be measured along two main meridians. Twelve patients with astigmatism and thirteen
without participated in the present investigation. Evaluation of central susceptibility fields and spatial sweep
visual evoked potentials along two main meridians in a single eye was performed using vertical and
horizontal sinewave gratings. Area under the log CSF, spatial frequency threshold for 80% contrast gratings,
and CSF acuity were all calculated using the CSF test results. The recursive least squares method was also
used to determine sVEP amplitudes and thresholds. Even after receiving the best possible optical
adjustments, astigmatic participants still showed significant differences in their ability to see in the vertical
and horizontal planes.

Jay Won Rhim (2020) How near and distant vision in pseudophakic eyes with simple myopic astigmatism
fare under against-the-rule (ATR) and with-the-rule (WTR) squinting circumstances. The refraction model
eye was installed inside a wavefront analyzer. The wrinkle in the eyelid was shown as a horizontal slit in
front of the model's eye. Four distinct degrees of refractive error were accomplished using cylindrical
lenses. Wavefront aberrations were measured 40 times under each refractive state, both with and without the
slit. The focus shift generated by the 2 mm horizontal slit in 1.50 D WTR astigmatism was + 6.69 m, while
in 1.50 D ATR astigmatism it was + 2.01 m. The results showed that astigmatism was improved in the
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emmetropia and WTR astigmatism groups and worsened in the ATR astigmatism groups. Those with
emmetropia and WTR astigmatism had a lower number of aberrations than those with ATR astigmatism.
When the near plane was utilised as the standard, the amount of astigmatism in the ATR groups decreased.
For an ATR astigmatism, focusing in on an object brings it closer to the eye, but for a WTR astigmatism, it
pushes it farther away. Pseudophakic eyes with ATR astigmatism benefit from improved near vision
because to these effects of the eyelids.

METHODS
Design

One such facility is the Clinical Research Trials Centre (CRTC) at Sydney's Brien Holden Vision Institute,
ran this randomized clinical trial with blinding for all participants. The clinical trial was sanctioned by the
Human Research Ethics Committee at Bellberry (Adelaide, South Australia). Each person who took part in
the study gave their written consent before any procedures were performed.

Participants

Participants had to be at least 18 years old, have visual acuity of 0.75 DC in at least one eye, and have good
ocular and systemic health in order to be included in the study.

Procedures

During the first several office visits, we used standard optometric techniques to assess your subjective
distance refraction. At 6 metres and in 350-400 Ix of ambient light, we used an electronic logMAR letter
chart, Test Chart 2000 Pro, to measure our patients' HCVA and LCVA in monocular vision. Higher-order
aberrations were assessed using the BHVI-EyeMapper in low light (10 Ix) and with subjects' pupils open.

After the initial appointment, participants returned for a total of four follow-up evaluations (Figure 1). The
first one could be done on the same day as the initial appointment, but the others had to be scheduled on
different days. On the days of the assessments, participants were instructed to wear eyeglasses. Cylinder
powers at full, 0.25 DC under correction, 0.50 DC under correction, and 0.75 DC under correction were
evaluated at each evaluation session. Each eye was assigned a different power at random and the testing
visits were staggered to allow for a range of strengths to be tested.
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Enrolment start (November 2016)

v

Baseline (n=28 participants)
Informed consent provided
Inclusion/exclusion criteria assessment
Subjective distance refraction assessed

v

Assessement 1

1 cyl power tested
7 cyl axes tested

v

Assessement 2

1 cyl power tested
7 cyl axes tested

v

Assessement 3

1 cyl power tested
7 cyl axes tested

}—b (n=1) Lost to follow-up

Assessement 4 (n=27 participants)
1 ¢yl power tested
7 cyl axes tested

v

End of study (February 2017)

Figure 1 Participant flowchart.

Each of the four cylinder powers had its correct axis, axis mismatched by +10 degrees, axis misaligned by
+20 degrees, axis misaligned by +30 degrees, axis misaligned by -10 degrees, axis misaligned by -20
degrees, and axis misaligned by -30 degrees inspected monocularly by both eyes. Both eyes had their axes
arranged at random. Both positive and negative misalignments consistently exhibited anticlockwise and
clockwise tendencies, respectively.

We calibrated the cylinder's magnification and alignment using a standard optometric phoropter. At a
distance of 6 metres, we tested each power/axis combination for monocular HCVA and LCVA. Participants
were given nine lines of five letters ranging in difficulty from 0.6 logMAR (6/24) to -0.2 logMAR (6/3.8)
and instructed to read the easiest one. Participants were instructed to go to the next line after correctly
reading each one until they made at least three errors in a row. The chart's matching letters were jumbled up
every time the cylinder's power and/or axis were changed. On a scale from 1 to 10, they rated how happy
they were with their eyesight of the high-contrast chart and whether or not they thought they could make out
anything on it.

Vision tests were performed outside, in natural light. Although the right eye was expected to be under
corrected by 0.75 diopters of correction (DC), no measurements were taken since the cylinder power was
lower. If a participant's cylinder power was equal to the allotted under correction, only on-axis
measurements were taken for that eye at that visit.

Statistical analysis
To reach statistical significance at the 5% level with 80% power, we needed a sample size of at least 20

eyes, and the minimum sample size was 1.01.5 units for subjective ratings and 0.100.15 logMAR for visual
acuity.
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Summaries of continuous data were calculated using averages and standard deviations, whereas those of
categorical data were calculated using percentages. The hypothesis that altering the cylinder's power and
axis would influence both objective and subjective vision was investigated using a linear mixed model with
subject random intercepts. Due to the presence of eye-specific data, the linear mixed model was able to
account for within-subject correlation. The model took into account the following variables: correction
amount, axis misalignment, and cylinder set. As a consequence of the tests for the interactions between
cylinder group and the other two variables, further analyses were conducted to determine the significance of
the other two factors within sublevels of cylinder groups. Logistic regression and the chi-square test were
used to determine the level of visual acceptance. Bonferroni correction was used for post hoc multiple
comparisons. SPSS 21 was used for every analysis (IBM, Armonk, NY, USA).

RESULTS
Sensitivity analysis

Repeated-measures ANOVA was used to examine the distribution of sensitivity mean scores with the
following model parameters: 3-to-2-4-5: Conditional and Distant Evaluation (Zone). These were all handled
as if there were several readings of the same variable. It was found that the factors "Distance™ and “"Zone"
had statistically significant effects, whereas the factor "Condition" [F(1.84,25.73) = 2.645; p 0.094] did not.
The interactions between "Condition" and "Zone" and "Distance" and "Zone" were also found to be
significant. Significant differences were found in distance by condition, but not by zone. Targets in zones 1,
2, and 3 had higher mean sensitivity ratings (m >.960) than those in zone 4 (m .895). As a result, variations
in visual direction of more than 24 degrees resulted in lower mean sensitivity ratings compared to deviations
of less than 24 degrees.

As a result of a post hoc study of the "Condition Zone" interaction, we discovered that only the mean
sensitivity ratings changed substantially across conditions in zone 4. This indicates that in Zone-4, there are
statistically significant variations between "normal” vision and lens and prism vision but not between lens
and prism vision. Average sensitivity variations between the two viewing distances and the three visual
conditions are shown to the left of Fig. 2, however they are only discernible in zone 4. In a nutshell, optical
aids like lenses and prisms reduced efficiency, but only beyond a 24 degree eye angle. The average
sensitivity scores for each zone are shown in Tables 2 and 3, broken down by viewing distance and lighting
situation.

Table 2 Means in sensitivity, specificity, d’ and c-criterion, and the confidence intervals for each
distance and zone in the movie.

Distan. Zone Mean Lower limit Upper limit
Sensitiv. 1-Specif. d c Sensitiv. 1-Specif. da c Sensitiv. 1-Specif. d c

50 1 0.975 0.021 3.998 0.034 0.952 0.031 3.542 0.102 0.998 0.012 5.185 0.012
2 0.985 0.016 4.305 —-0.012 0.972 0.021 3.947 0.062 0.998 0.011 5.097 ~-0.272
3 0.987 0.019 3.776 —0.347 0.982 0.024 3.455 —-0.374 0.992 0.014 4.236 —-0.310
4 0.767 0.062 2.802 0.672 0.672 0.088 .41 0.765 0.862 0.035 3.282 0.551

80 1 0.973 0.019 4.007 0.069 0.955 0.028 3.597 0.108 0.992 0.010 4.746 —0.054
2 0.979 0.015 4.205 0.079 0.954 0.019 3.750 0.193 1.000 0.010 7.087 —1.210
3 0.997 0.020 4.346 —0.613 0.992 0.024 3.753 —0.515 1.000 0.016 6.604 —1.451
4 0.855 0.059 3.107 0.496 0.801 0.087 1.818 0.563 0.909 0.034 3.472 0.403

Table 3 Means in sensitivity, specificity, d’ and c-criterion and the confidence intervals for each visual
condition and zone in the cinema.

Condit. Zone Media Lower limit Upper limit
Sensitiv. 1-Specif. d [ Sensitiv. 1-Specif. d c Sensitiv. 1-5Specif. d c
Normal 1 0.974 0.019 4.005 0.066 0.948 0.028 3.537 0.143 0.999 0.010 5.417 —0.382
2 0.977 0.019 4.064 0.042 0.952 0.024 3.576 0.123 1.002 0.014 5.916 —0.761
3 0.998 0.022 4,380 —0.639 0.994 0.026 3.865 —0.579 1.001 0.018 6.103 -1.213
4 0.892 0.060 3.251 0.388 0.836 0.088 2.923 0.483 0,948 0.033 3.719 0.235
Lens 1 0.967 0.021 3.876 0.100 0.937 0.031 3.401 0.171 0.997 0.011 5.049 —~0.234
2 0.977 0.014 4.244 0.068 0.950 0.020 3.693 0.201 1.003 0.008 6.660 —0.935
3 0.989 0.019 3.855 —0.374 0.985 0.024 3.517 —0.401 0.994 0.013 4.351 —0.337
4 0.795 0.060 2.905 0.630 0.681 0.087 2.449 0.755 0.909 0.033 3.547 0.441
Prism 1 0.983 0.020 4.156 —0.031 0.971 0.029 4.137 0.033 0.994 0.011 4.802 -0.117
2 0.992 0.013 4.624 —0.077 0.979 0.018 4.137 0.033 1.004 0.008 6.692 —0.919
3 0.990 0.018 3.874 —0.389 0.982 0.024 3.445 —0.370 0.998 0.013 4.742 —0.540
4 0.746 0.061 2.753 0.713 0.626 0.088 2.299 0.828 0.867 0.034 3.349 0.564

JETIRFU06002 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 19


http://www.jetir.org/

© 2022 JETIR October 2022, Volume 9, Issue 10 www.jetir.org (ISSN-2349-5162)

50 cm viewing distanca B0 cm viewing distance
4.00 4.00
3.50 3.50
- .
3.00 - > i , 300 % i
§ 250 .i.l il = = '§ 250 j-I o T 113 1
- 200 = = i - 200 1 1
g 180 g 1m0
3 5
1.00 1.00
0.50 0.50
oo 7 ;ﬁ — — e 0.00 - - "
& Ea & El
Cca"? \.e@ & d’f & qﬁﬁ? »ﬁ“’ﬂl & &Jﬁﬁ &°
o ¢ S
& F
[ mMormal Lens Prism |

Figure 4 Results of the survey to assess participants’ subjective discomfort

As with the "Distance Zone" interaction, significant variations between "distances" were only found when
the visual direction was more than 28.5 degrees (Zone-4), but not when the visual direction was less than
this number.

Specificity analysis

The mean specificity scores of all participants were analyzed using the same ANOVA with repeated
measures design. The analysis of variance showed that the main factor, "Zone," had a substantial impact.
For 3D targets in zone-4, the mean specificity ratings were considerably lower than for the other 3D targets.
This zone effect is depicted in Fig. 2, right. The mean specificity ratings for each zone are shown in Tables
2 and 3, broken down by viewing distance and lighting condition.

SDT derived parameters analysis

Green and Swets' formulae were used to calculate SDT-derived parameters like d (discriminability) and c-
criterion. 14 Table 2 presents averages and confidence intervals for sensitivity, specificity, d', and c-criterion
over various distances and zones. In Table 3, the means for the same parameters are shown for each visual
condition and zone. From these results, it can be concluded that d decreases with increasing visual angle.
This was especially true when comparing the effects of two different participant distances from the screen
(50 cm vs. 100 cm) (80 cm). In a similar vein, c-criterion tightened up with distance. However, results
deteriorated when subjects were required to use corrective lenses or prisms. However, the confidence
intervals showed that there was no statistically significant difference between the two forced viewing
situations. Additionally, values of c-criterion shifted to the more cautious side when the angle for visual
direction grew.

Analysis of subjective discomfort

Following administration of a questionnaire designed to gauge participants' levels of subjective distress,
likert scores in the range 0—4 were tallied. As can be seen in Fig. 3, only the item "overall weariness or
visual discomfort"” registered a moderate score (between 3 and 3.5) on the discomfort scale. Here, consider
the following.

CONCLUSIONS

The results of using sphero-cylindrical, toroidal, ellipsoidal, and mixed surfaces to correct astigmatism in
spectacle lenses were compared in this study. For this purpose, the FMM was used to take precise
measurements of four lenses made on a computer numerically controlled optical generating machine. Each
lens' spherical, cylindrical, and front/back surface equivalent power contour plot was measured and
compared to the FFV. Additional study is required to confirm the mixed model's additivity as indicated
here. However, more research needs to be done into the possibility of asthenopia in young viewers of
stereoscopic film (3D). Understanding how factors like strabismus, phorias, amblyopia, and anisometropia
contribute to visual discomfort is important. Tolerance for axis misalignment depends on cyl power;
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however, when cyl is under corrected by 0.50 DC while maintaining spherical equivalence, there is no
significant influence on HCVA, LCVA, visual clarity, or vision satisfaction. These findings may have real-
world uses in ophthalmology, such as lowering the demand for toric contact lenses.
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